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In this issue 


Nucleic acids: New linkages 

The much celebrated Watson-Crick 
structure of DNA has provoked several, 
almost heretical, attempts to provide 
alternative structural models. The 
double helix is compelling testimony to 
Nature’s skills in shaping molecules, 
exquisitely tuned to functional require¬ 
ments, during the course of chemical 
and biological evolution. Can the 
chemical structure of DNA be altered 
significantly without functional 
impairment? Can the chemistry of the 
constituents be changed without 
affecting the double helical scaffold? 
These questions have attracted the 
attention of chemists and theore¬ 
ticians over the years. The former can 
indeed create synthetic DNA bearing 
new and novel bases, enlarge the sugar 
ring to hexoses and indeed discard the 
phosphodiester backbone altogether, in 
creating analogues in the laboratory. 
The latter can, of course, more 
comfortably and with less effort, create 
and assess new structural variants on 
computer screens. The modelling 
exercises serve as a useful starting point 
for evaluating whether a transformation 
can have interesting consequences, 
before a vast investment of effort is 
made in the laboratory. V. Lalitha and 
N. Yathindra (page 68) describe one 
such attempt in this issue. 

The sugar-phosphate backbone of the 
nucleic acids uses the 3' and 5' hydroxyl 
groups of ribofuranose sugars for 
forming the phosphodiester links on the 
polymeric chain. What are the 
consequences of a 2',5' linkage, which 
is rarely found in nature but does occur 
under conditions simulating prebiotic 
environments? The authors establish 
that 2',5'-linked nucleic acids can form 
double helices which are structurally 
similar to the conventional 3',5'-linked 
helices. Evolutionary selection may 
therefore be unrelated to stereochemical 
preferences. The higher nuclease 
stability of 2',5' structures has important 


implications in designing nucleic-acid- 
based therapeutics. 

P. B. 


Whither turbulence? 

How does one describe turbulent flow? 
The classical view is that turbulent fluid 
motion belongs to a harmonic world - 
the world of random waves, eddy 
viscosities and Gaussian distributions. 
This is what Taylor, Wiener, Khint- 
chine, Kolmogorov and others told us in 
the early part of this century, and, 
indeed, this is what most textbooks tell 
us to this day. 

The reason is not hard to see. As long 
as turbulence was considered to be that 
‘random, highly chaotic phenomenon’ 
there seemed no better way to describe 
it than by using generalized harmonic 
analysis - and playing around with 
spectra and correlations. To be sure, one 
felt uncomfortable with such an 
approach (is it right to use statistical 
theories to solve a deterministic set of 
equations? Is it right to suppose that 
turbulence is homogeneous and iso¬ 
tropic in the light of our failure to even 
‘manufacture’ such turbulence in a 
laboratory? Is it really wise to discard 
phase information? Don’t we all know 
that eddies are finite?). And, as the 
years went by, gne also started worrying 
that this approach was not leading to 
any real solution of the problem. 

One way out was to look at the 
problem differently: to look, for inst¬ 
ance, at the behaviour of real life 
turbulent flows (flows encountered in 
technological applications, in the ocean 
and in the atmosphere). It turns out that 
such flows possess shear, display strong 
coherence (so turbulence is not so 
disorderly after all) and are essentially 
characterized by their eddy momentum 
flux. Fluxes (a flux is basically a 
transfer; of either matter, energy or 
momentum) therefore might well hold 
the key to understanding turbulent 


motion. Now these fluxes can be 
enormous - the big ones are known to 
be really big! So perhaps a more natural 
approach to describe turbulent motion 
should be episodic, i.e. in the language 
of flux events instead of waves. The 
episodic view has the added advantage 
of being able to embrace non-local 
transport, fat or long tailed distributions 
and violent fluctuations. Such a view 
would also appear to be eminently 
sensible to observers of atmospheric 
motion (which is really turbulent flow 
on a gigantic scale) long accustomed to 
the language of events: gales, cyclones, 
squall’s, etc. 

In his presidential address delivered 
at the Diamond Jubilee Meeting of 
the Indian Academy of Sciences, 
R. Narasimha (page 33) dwells on the 
wave versus event question at consider¬ 
able length. He talks of the different 
studies carried out by his team to 
represent flux time series as a kind of 
stochastic process, explains how to look 
for patterns in flux signals; is first 
enthusiastic and then pessimistic about 
the likely role of wavelet analysis; 
makes compelling allusions to ‘heavy’ 
Mexican hats and finally concludes that 
atmospheric flux events, rather like 
human beings, are ‘idle’ about 50% of 
the time! 

But does Narasimha settle the wave 
versus event controversy? He apparently 
does, literally in the ‘last reel’ of the 
narrative, when he remarks that 
turbulence is probably both waves and 
events: ‘an attractive possibility is that 
passive motion is best described in the 
language of waves, whereas the active 
motions are best seen as a series of 
events’. In his other writings, 
Narasimha has speculated that the 
relation between the episodic and 
harmonic descriptions could perhaps be 
modelled in terms of stochastic 
corrective processes. But that’s another 
story. 


Srinivas Bhogle 
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EDITORIAL 


Scientific journals, today, face mounting 
pressures from the marketplace; rising costs of 
production, increasing competition and dimini¬ 
shing library budgets, which limit circulation. 
The hardest hit of course, are journals from the 
scientifically less advanced areas of the world, 
that have always found it difficult to maintain 
high visibility and scientific quality. The new 
year seems as good a time as any to ponder on 
the state of this journal. 

Some years ago a conscious effort was made 
to change the face of Current Science-, to 
modernise its appearance, to professionalize its 
treatment of manuscripts and to open its pages 
to opinions and debates on matters of interest 
to India’s scientists. This effort has been 
largely directed at enhancing the appeal of 
Current Science, a multidisciplinary science 
journal, catering to the increasing demand for 
rapid communication of important findings in 
diverse areas of science. Coverage has been 
extended to news and opinion on matters of 
scientific policy related to research and higher 
education in India. We have relied heavily on 
authors, readers and referees (who frequently 
interchange roles), to effect what is hopefully, 
a transition in the right direction. 

There is no doubt that improvements have 
only been incremental and that a lot more 


needs to be done. The scientific quality of 
Current Science will necessarily depend 
entirely on the contributions that are received. 
This seems an appropriate time to reiterate that 
this journal will deal as expeditiously as 
possible with manuscripts reporting interesting 
scientific results. 

We have also opened our ‘Correspondence’ 
and ‘Opinion’ pages to accommodate disparate 
views on important matters of scientific policy. 
The hope is that Current Science will serve as 
the key medium of communication among 
India’s scientists pulling together researchers 
and educators from all parts of this country. 
However, we must emphasize that the foremost 
goal of this journal is to provide a forum for 
publishing important and original research. 
Eventually, we hope that Current Science will 
carve for itself a niche in the Indian scientific 
scene and present a coherent view of Indian 
science to the outside world. In this venture we 
rely implicitly on all our authors and readers, 
who will help to chart the future course of 
Current Science. 


S. Ramaseshan 
P. Balaram 
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The proposal for a National Science University - some 
comments 


I fully share your apprehension 
regarding the success of the proposed 
Naiional Science University, viewed 
from the narrow angle of the emergence 
of the IIT system and its present 
condition. The IIT system might occupy 
a very privileged place in the heart of 
the public mainly because of its 
continued incorruptible (albeit mulish) 
method of admission at the under¬ 
graduate level; to discernible eyes it is 
beset with innumerable problems. Here 
I will confine my attention to under¬ 
graduate science education only. In all 
the fora there is a serious concern about 
the working of the university system; we 
have completely ignored the fact that 
most universities are of affiliating type; 
ver>^ few participate in actual under¬ 
graduate training. Even the new Central 
University at Hyderabad has fought shy 
of undergraduate programme. Most 
educationists pay attention to control/ 
supervision of undergraduate education. 
The few universities of the unitary type 
are also attempting to shed the under¬ 
graduate programme; yet we all shed 
tears for the deplorable state of 
undergraduate education. The idea of 
autonomous colleges was conceived to 
flit in the lucuna; in 1983 it was 
observed particularly by enthusiasts in 
Madras that there were a few autono¬ 
mous colleges in Tamil Nadu and that 
the only autonomous institution outside 
Tamil Nadu was BITS at Pilani apart 
from the IITs. I do not think that the 
situation is any better now. Under these 
conditions and along with the added 
financial crunch which is fully borne by 
undergraduate training institutions, it 
will be the most irresponsible act to go 
ahead with a Science University with a 
mega budget and all that. Everybody 
will be enthusiastic about it because it 
fits in with our 50-year-old practice of 
‘building the infrastructure’. 1 am also 
cynical about the tall talk of academic 
freedom of the university. The charter 
of the proposed university may be 
excellent. I only draw the attention of 
the academicians to the scant respect 
that is paid to the charter by the 
bureaucrats egged on by politicians. The 
most glaring example is the manner in 
which the 5-year B Tech programme 
and 2-year M Tech programme was 


converted respectively into a 4-year and 
3-semester programme. The council of 
IITs is still in the process of considering 
the dissenting views! 

I have a suggestion. There are 
autonomous colleges that have a full 
stake in undergraduate education; a few 
can be chosen for augmenting the 
infrastructure and they can become a 
science university by performance. To 
my mind the Madras Christian College 
and Loyola College, Madras, get singled 
out; a search can be made to identify 
potential institutions in other parts of 
the country. It is surprising that Indian 
Statistical Institute (ISI) did not find 
place in any of the reports that were 
published. I mention this for the simple 
reason that ISI had recently launched on 
a massive undergraduate training pro¬ 
gramme leading to first degree in 
Statistics/Mathematics. In fact well 
informed educationists are eagerly 
looking for the results of this 
experiment. It may be a good idea to 
back up the ISI and strengthen the 
system by generous grants for additional 
infrastructure to extend the programme 
to other disciplines. 

S. K. Srinivasan 

Emeritus Professor 
Department of Mathematics 
Indian Institute of Technology 
Madras 600 036, India 


I was amazed by the NSU proposal and 
I fail to see any worthwhile reason for 
establishing NSU. To me the proposal 
seemed to be one more typical example 
of espousing one’s own ideas in a 
bombastic manner which will have a 
sway on many educated people 
including the government. I regret to 
say that even the administration situated 
in the ministries is blind to the field- 
facts, otherwise, how can one guarantee 
that there will be no bureaucratization 
in NSU and rules will be at the 
minimum, and how can we ensure that 
all the students and the staff will be 
genuinely interested in research and 
studies? If one can do that in NSU, then 
why not do the same in the existing 
institutes? 


Can any body show a single institute 
which is free from the above maladies? 
How will the selection pattern in NSU 
be? Today we are selecting the best of 
students in our IITs and IISc. How 
many of them are genuinely interested 
in science and dedicated to national 
development? For that matter, how 
many of our young researchers are 
really interested in those things? If the 
answer is yes, then Indian R&D 
scenario would not have been as grim as 
today. Actually, our youth needs 
lucrative money offers and ready-made 
facilities to work. It is this attitude of 
our youth which is largely responsible 
for the lack of originality in most of our 
research. 

I always wondered why IITs boast of 
their graduates and post-graduates going 
to USA and Europe for work. Actually, 
it is a matter of shame that we produce 
such graduates who lack the will lo 
contribute to their own Nation. If our 
country lacks facilities, then these have 
to be developed; they are by no means 
available ready-made. A classic example 
is the spectacular development of 
western science. How dedicatedly might 
the scientists there have worked to 
attain the present level of standards? 
Even today we see newer and newer 
developments. Where is that spirit in 
India? We always complain about funds, 
facilities and meagre living conditions. 
Just look at our youth: hardly will you 
find the spirit to work for the nation and 
genuine interest in research and 
developmental work. Their outlook is 
oriented to materialistic fun and enjoy- 
the-life attitude which is falsely called 
as western culture. Under these 
conditions, the idea of establishing NSU 
is nothing but utopian. Instead, 
interested NRIs should strive to 
improve the present standards of our 
universities and research institutes by 
funding them liberally in order to 
improve the working conditions. Only 
then, is it possible to enforce a strict 
discipline in our academic system, 
thereby it is possible to inculcate a 
strong sense of Nationalism and 
Commitment in our youth. 

As D. Balasubramanian pointed out, 
by establishing NSU are we not 
accepting the failure of the giant UGC 
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system of university education and 
research, which is like chopping off the 
base-roots of a giant tree? By NSU are 
we not consolidating the elitist 
approach in education? Already, certain 
institutions in our country are given 
elitist status and are pampered. 
Actually, our policy should be such that 
educational standards should be the 
same throughout the country. Why a 
graduate or post-graduate from certain 
institutions should be treated as 
privileged, I fail to understand. By this, 
are we not perpetuating the feudalistic 
system in our education field? NSU will 
be a step forward (or backward?) in that 
direction! 

Actually, the problem with our people 
is that each person in a responsible 
position will come up with his own 
concept and try to defend it at all costs, 
many times by showing an unrealistic 
Utopia on paper. I suggest let us not 
bring in more systems in our already 
complicated working ways, but let us 
modify and strengthen whatever we 
have. In fact, all systems are good, only 
the implementation should be sincere 
and people should have the ‘will’ to do 
the things. Without these, to establish a 
NSU or UU (Utopian University), will 
be a futile exercise. Let us not shy away 
from directly attacking the problems. 
Let us not perpetually spend time in 
planning how to bell the cat, when it is 
amply clear that ultimately somebody 
must come forward and execute the 
action. 

K. Jayaraj RAO 

National Dairy Research Institute 
Audugodi 

Bangalore 560 030, India 


I found large portions of the text of the 
National Science University proposal to 
be vacuous, muddled and naive. 
However I will be mainly concerned 
here with just one aspect of the 
proposal. To wit, who will be the 
faculty members at the NSU? 

The proposal says that after a few 
years of growth (five years, ten years?) 
the faculty strength will be around 100- 
200. Presumably the initial strength will 
be 40-60. Where will these people 
come from? 

The first possibility is that a majority 
of them will come from Indian 
universities. This however seems un¬ 
likely since, according to Mahajan, the 
NSU is supposed to have world class 


faculty and the Indian universities are 
quite rotten. It could be the case that 
our universities, rotten as they are, still 
contain enough number of high-quality 
scientists to supply academic staff for 
the NSU. This would mean however 
that the universities would be stripped 
off their best faculty and as a result 
would become even more rotten. And 
this would be done in order to create a 
role model, i.e. the NSU, which these 
universities will have to try and mimic 
later on. This does not make much 
sense. 

The second possibility is that the seed 
faculty would come from the handful of 
institutions such as the TIFR and IISc 
that are granted to be of good quality by 
Mahajan. Again, the problem would be 
that the few functioning scientific 
institutions we have will be cannibal¬ 
ized in order to set up the NSU which 
will then presumably serve as a beacon 
to these and other institutions. This also 
does not make much sense. 

The third possibility is that a 
substantial number of high calibre NRIs 
would commit themselves on a full time 
basis to the NSU. It is crucial that their 
commitment is not a part-time one. (I 
worked for a while at a major research 
institute which an NRI attempted to run 
on a part-time basis; it was an unmiti¬ 
gated disaster.) But then who are these 
NRIs, what are their credentials and 
where is the evidence of their full time 
commitment to the proposed NSU? 

There are other aspects of the 
proposal which are equally lacking in 
substance. To cite just one example, 
consider the proposed mode of 
financing this venture. The government 
of India is supposed to fork out Rs 200 
crores with essentially no strings 
attached and no peer group review. 
There is a vague promise that after¬ 
wards an additional Rs 200 crores will 
be put in by private persons and 
institutions. No evidence is offered to 
support this claim. What happens if the 
Rs 200 crores from private sources does 
not materialize? 

In summary, I feel that the proposed 
NSU is ‘a disaster waiting to happen’. 
At the very least, it will do further 
damage to Indian science, which we all 
seem to agree is already in bad shape. 

P. S. Thiagarajan 

School of Mathematics 
SPIC Science Foundation 
Madras 600 011, India 


Mahajan’s assessment of contemporary 
Indian science is - ‘India’s contribution 
to the science and technology of the 
modern era is disappointingly small’, 
‘high quality research is almost 
nonexistent.... Moreover, the situation 
is not likely to improve in the near 
future...’. About the universities his 
views are no more sparing. ‘Today, the 
universities are saddled with teachers 
and professors whose intellectual level 
is shockingly low, as is their desire to 
work hard to learn...’. He sees no 
redemption because ‘The next 
generation comes out worse than the 
preceding one, it is not progressive but 
retrogressive evolution’. The National 
Centres of research fare no better. In his 
words, ‘The fate of the (research) 
Institutes is equally tragic ... a typical 
national Institute succumbs to decay 
very shortly after its birth.’ 

Though these statements are not 
altogether false and such statements are 
also made from time to time by 
scientists, technologists and academi¬ 
cians living and working in this country 
a wholesale condemnation of this sort 
does unpardonable injustice to some of 
the universities, institutes and research 
groups turning out more than average 
performance. However, in providing a 
bird’s eye view of Indian science 
Mahajan might not have made a special 
search for such spots. Moreover, only 
salient features of his report (and not 
the full text) are available to most of us 
to comment upon. If anybody’s self 
respect is hurt he/she can take comfort 
in stray statements in the published 
articles, not necessarily Mahajan’s 
like - ‘The balance sheet of organized 
post-independence science makes mixed 
reading’, ‘in most institutions a holding 
action seems to be in progress to stem 
the pace of deterioration’, ‘one is 
thankful that TIFR and IISc exist’, ‘yet, 
it will be wrong to say that our 
scientists have failed the country’, ‘In 
many areas our contributions have been 
significant although it could, no doubt, 
have been better’. While introspection 
and self-criticism are healthy features 
mindless over criticism is a sure killer 
of initiative and enthusiasm whether it 
is of an individual or an institute. In the 
articles of Balaram and Ramakrishnan 
(both from IISc.) one expected to find a 
contradiction of ‘retrogressive evolu¬ 
tion’ of educational institutes dis¬ 
covered by Mahajan. However, no such 
thing is visible. The learned professors 
have adopted silence, perhaps, because 
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their institute is made a merciful 
exception. The status of JNUs, Central 
Universities, BHU, IITs and the like is 
not mentioned, but implied. After 
saying all this I admit that Mahajan 
report’s main fault is not in the overall 
diagnosis. 

The stunning part of Mahajan’s report 
consists of the reasons he advanced for 
the low level of education and research 
in this country and the pedestrian 
language he used to express them. One 
would expect a scientist of his calibre 
(even a NRI) who is advising the 
Government of India on such an esoteric 
and serious subject like scientific 
education and research to have adopted 
an analytical approach and a more 
civilized language regarding the 
scientists and teachers (some of whom 
would have taught him too), past and 
present. Without naming any of them he 
mercilessly bundled all and threw them 
on the dung heap. I regret to say that the 
author of such a report evokes no 
confidence and respect in the mind of a 
self-respecting scientist, whatever may 
be the other merits of the proposals and 
whatever may be the limitations of such 
a scientist. The mildest of the accusa¬ 
tions made against science managers 
is - The scientific establishment is 
managed by a few extremely powerful 
people who (a) control most of the 
money, (b) are on all important job, 
promotion, and national committees, 
and (c) decide what are the important 
areas and directions to explore.’ The 
rest of his description of the nameless 
managers runs thus: This coterie of 
science managers must travel 
ceaselessly to carry out its numerous 
commitments ..., those who control 
science have neither the time to visit 
laboratories nor read scientific papers’; 
Tt is essential for them to give the 
appearance of being India’s leading 
scientists’; They go about creating 
myths to give substance to their 
pretentions'] They engage in a very 
egregious form of gimmicry (examples 
given)’; They are never held accoun¬ 
table for their consistent overpromise 
and under delivery and are often kicked 
upstairs (Peter’s principle perhaps) for 
their established sins. The directors of 
research institutions are given special 
treatment in the report for the onerous 
tasks they handle - ‘No one may have 
greater scientific stature or ambition 
than the director whose specific 
interests take precedence over every one 
else’s’; The director makes use of his 


immense power and prestige to build an 
empire by recruiting and encouraging 
people to work for him (obedient 
students)’; Thus, there comes into 
existence an inbred, incestuous group of 
meek followers and 'yes men' who are 
beholden to the director’; Thus, the 
place loses most of its independent, 
bright and assertive people (often to the 
United States)’. The last one is a very 
crucial point in the report taken with the 
announcement of these ‘white knights’ 
willingness to stage a come back to kill 
the dragons, set free the besieged 
Motherland and establish ‘democratic’ 
science. However, one mystery which 
Mahajan report has not unravelled 
haunts some of us — how does it happen 
that between two cousins (or 
colleagues) who are scientists or 
professors the one who stays behind and 
becomes a director turns out to be a 
tyrant, feudal lord, dud and cheat while 
the other who migrates to USA, turns 
out to be a noble scientist? If we take 
Mahajan report seriously, (but can we?), 
all Bhabhas, Bhatnagars, Sarabhais, 
Ramannas, Arunachalams, Menons, 
Pillais, Dhawans, Raos, etc. are not only 
incompetent scientists but also simple 
and pure cheats and traitors. Of course 
no names are given by Mahajan but is 
there any need? If the Government of 
India accepts Mahajan report, how can 
they ignore these revelations? Having 
accepted don’t they want to institute at 
least a ‘one man’ inquiry into the 
misdeeds of the science managers - past 
and present? 

The 200 and odd universities in the 
country are together complimented; 
‘The insipid and uninteresting teaching 
leads to a low level of the graduating 
students who join research pro¬ 
grammes.’ However, a ready explana¬ 
tion is advanced for the miserable state 
of the universities - ‘A momentous 
decision was made to create a large 
number of research institutes inde¬ 
pendent and totally unconnected to the 
universities .... This inviduous separa¬ 
tion, which further (?) impoverished the 
universities, was a major strategic 
blunder and has caused as much damage 
to Indian science as has the feudal 
character of our scientific establish¬ 
ment.’ 

I expected in Balasubramanian’s 
comments, at least, an attempt to 
counteract the sting of Mahajan. He 
does not comment how far Mahajan’s 
description of a ‘Director’ fits him. He 
has no word about the ‘feudal character’ 


of his management and whether in 
his institute decisions on scientific 
issues are taken by the administrators, 
whether he recruits only ‘yes men’ 
and whether he or his counterparts in 
sister organizations are engaged in 
‘egregious form of gimmicry’ and 
whether he is ‘kicked up for (his) 
established sins!’. It is difficult to 
understand his silence. 

Mahajan and some of his NRI 
colleagues with the backing of some 
retired bigwigs in the country, have 
come out with ‘nothing short of a 
revolutionary and massive rehabilitation 
programme’. Sweeping aside the 200 
and odd existing universities and scores 
of research centres they float the idea of 
a National Science University. The 
details are available in the Current 
Science issue. With an initial investment 
of Rs 400 crores (about half to be 
contributed by Govt of India), to be 
located near an industrial centre and 
airport (international, for easy hopping 
by NRIS), free from controls and 
reservations the NSU is expected to 
have ‘a highly interactive collection of 
selected undergraduates and graduate 
students and the best faculty available’; 
‘every possible material and cultural 
attraction should be provided to attract 
and keep the best of our scientists’ 
(reimported from USA?). 

If Mahajan and party are given the 
green signal they promise sure results. 
However, in the case of an experiment 
of this type it is difficult to establish 
ground rules for judging success or 
failure and even if such rules are found 
it will take more than a decade to obtain 
sensible results. Meanwhile, several 
criteria laid by Mahajan for a NSU are 
questionable. For example-1) Do the 
universities like to take up under¬ 
graduate teaching? 2) Is it always 
possible or advisable to tie up a 
research institute with a university and 
vice versa? 3) Is it certain that enough 
number of NRI scientists in different 
fields of science are available and are 
willing to be tied up in universities in 
India? 4) Is it advisable to base an 
educational system of a country of 
India’s size on part time NRI scientists, 
even if sufficient number of qualified 
candidates are available? 5) What will 
be the final fate of the present 
universities? Perhaps the authors of the 
report convinced themselves that there 
are a sufficient number of Indians who 
deserve only bad education in 
condemned universities. When the 
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report says, ‘what we want is a place 
where: the best of our current scientists 
teach, train and inspire the next 
generation... etc.’ it sounds like 
Rabindranath Tagore’s prayer - ‘where 
the mind is without fear and head is 
held high...’ without its sincerity and 
nobility. 

It is true that our education (not only 
of science) and research are in a bad 
state, but the solution should be sought 
by a determined effort for improvement, 
from within. If the concerned people in 
a vast country like India are not pre¬ 
pared to pull themselves up, it is a myth 
that a group of NRIs can achieve that. 
They can even mess up things in an 
irretrievable fashion. I end up with a 
prayer ‘Lord! save us from the 
saviours.’ 

T. K. S. Murthy 

33/B, Plot 52, ‘Gitanjali’ 

Sector 17, Vashi 

New Bombay 400 703, India 


In times of crisis, we must ask questions 
that are open to dispute, provided vital 
problems are thereby raised. The 
proposal of Mahajan for a National 
Science University (NSU) and the 
response of three scientists prompt me 
to raise certain^ questions on this 
proposition. 

If one observed Non-Resident Indian 
Scientists (NRIS) in the US, certain 
disturbing and amusing truths about 
them would emerge. Except for a 
miniscule percentage of the NRIS in thq 
US, most of them are there because of 
the abundance in the grocery stores 
there and not because of science, 
technology or research. The NRIS are a 
different breed, there is no love lost for 
India for most of them. The sudden 
exposure to wealth and abundance 
makes them feel contemptuous about 
everything in India. The standards they 
apply to analyse every situation in India 
is that of the West, or more precisely 
American. When I say most NRIS, I do 
exclude the miniscule fraction of highly 
motivated, scientifically inclined intel¬ 
lectuals who are not purveyors of 
platitude. 

The NRIS show signs of patriotism 
and Indian-ness in their forties. Then 
there is suddenly a love for India and 
Indian values for a number of reasons 
which I do not want to expatiate. The 
NRIS want to return home. Having lived 


in the land of efficiency, they find the 
Indian scenario difficult to handle. The 
opportunities in India do not match 
their interest, expectations, ambitions 
and of course the salary is too low when 
converted into dollars. Difficult 
decision indeed! The majority who have 
vacillations at this point generally end 
up living in the land of plenty with a 
split personality and make infrequent 
visits to India for reasons of rootedness. 
Those who are well connected manage 
to return to ‘serve’ the country when 
they have exhausted their scientific 
enthusiasm. They have by then made 
enough money anyway! There is not 
much energy left then, because in the 
US, they were driven, here there is no 
driving force and the rewards do not 
match the effort. But, we have generally 
been enamoured by these NRIS. Many 
NRIS who come over still do what is 
necessary to keep the Green Card alive 
so that the element of risk is very low. 

A creative individual is one who 
takes risks in life at some point or other 
for what he believes in, to do what he 
intends to do in life. Our wealth is 
limited, our infrastructure is primitive, 
professionalism is lacking and above all 
there is political and bureaucratic 
control smothering scientific activity 
and the scientific mafia itself is all 
powerful to ruin the career of dissenting 
scientists. However, there have been 
silver linings in the dark horizon. I am 
referring to scientists who have been 
able to fight and overcome these forces 
to establish very fine scientific 
organizations in this country. Talwar 
who established the National Institute of 
Immunology, New Delhi and Bhargava 
who established the CCMB in 
Hyderabad are just two examples of 
individuals who had the courage, vision 
and energy to struggle to make their 
dreams a reality working in this soil and 
not succumbing to the temptations of 
greener pastures abroad. 

The sorry state of undergraduate 
education and the quality of graduate 
education in our universities is well 
documented. Other than appointing 
committees after committees, we have 
not taken any concrete action to 
overhaul the educational system. In 
spite of the poor quality of our 
undergraduate and postgraduate educa¬ 
tion, it is indeed surprising that most of 
the NRIS are doing well, as most of the 
NRIS would have had their under¬ 
graduate education in India before they 
migrated for the greener pastures. Even 


if we want to expand and consolidate 
our base in undergraduate science 
education, we can do this in many of 
our institutions such as IITs, IISc, 
TIER, Central Universities, etc., where 
there are excellent infrastructural 
facilities and faculty strength. 

Creating a NSU by the NRIS is not 
the panacea for all the ills our 
universities have been suffering. We 
need to restructure our universities. We 
do not have the political will to do that 
yet. I stress that this can be achieved if 
and only if we have the political will. 
Because, everything in the final analysis 
is political. We cannot dismiss the 200 
and odd universities in India saying that 
there is nothing much that could be 
done with these existing ones, the only 
alternative is to start afresh. The poor 
show of Indian science in the 
international scene is not a direct 
consequence of poor undergraduate 
education as Mahajan would have us 
believe. This is a sum total of socio¬ 
economic-political reality prevailing in 
India. Establishing a NSU and hoping to 
take off from there into several NSUs to 
finally redress all the lacunae in our 
educational system is just wishful 
thinking. 

India is a large country with 
tremendous amount of untapped natural 
resources and creative human potential. 
To imagine that the sabbatical visits of 
few NRIS will infuse the scientific spirit 
in young minds is more than absurd. 
There are enough talents right here to 
do this, but are untapped for lack of 
political will. India at present seems to 
have realized some of the follys of her 
past fifty years in the path of 
development. There seems to be a 
change in the political outlook of this 
country. The time is ripe for a change in 
the university system also. 

Mahajan’s argument that in NSU no 
scientist would ever feel the need to 
become an administrator because of 
more power, prestige, pay and perks 
sounds more than Utopian. Is there any 
parallel for this proposition in any 
university in the world? Do the 
presidents of American universities 
have less pay, perks and prestige 
compared to a professor there? 

Education in modern times is an 
enterprise, whether it is State owned or 
private. We have to have the courage 
and the will to recognize this fact. Of 
course, the ‘gurukula’ system and the 
transmission of knowledge without 
material gain were all a nice and proud 
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heritage of our great culture. Times 
have changed and knowledge has 
accumulated at a prodigious rate. 
Transmitting knowledge now costs 
money. If we have to have good 
universities, we need money. Mahajan 
wants government participation in the 
NSU by providing 100 or 200 crores of 
rupees and still hopes to be beyond 
government control! Possibly, with that 
kind of money, we could restructure at 
least 10 universities into better 
institutions if we have the political will. 
If the NRIS want to invest in an 
educational enterprise, under the 
prevailing economic climate in India 
there is nothing that prevents them. But 
let them keep away from governmental 
support. After all some of the finest 
universities and research centres in the 
world are private. The best schools run 
in this country are private schools. 
There are several NRI businessmen 
in the US who would probably invest 
in such ventures. There could even be 
benevolent NRIS who would make 
donations like the alumni of Kharagpur 
IIT who donated $2 million to his Alma 
Mater. Let them attract the best talents 
from wherever they want and show what 
the results are. The people would be 
grateful if they demonstrate their love 
and concern for this country. 

A. Jayakrishnan 

Biomedical Technology Wing 
Sree Chitra Tirunal Institute for 
Medical Sciences and Technology 
Thiruvananthapuram 695 012, India 


NSU - Another El 
dorado? 

The reasons advanced in Mahajan’s 
report, supported by Srivastava, for the 
establishment of NSU are mainly based 
on their thesis that high quality research 
is nonexistent in most of the univer¬ 
sities, National Research Institutions 
and IITs. 

Solution offered 

The suggested approach to over¬ 
come the ills of Indian academic 
institutions is nothing short of a 
‘revolutionary manifesto’, that is, to 


establish a NSU - a ‘Brave New World’ 
where: 

a) There will be no more scientific 
leadership by appointment and no 
scientific administrators posing 
and acting as scientists. 

b) Administrators will take up 
administrative matters and the 
scientists of scientific matters. 

c) Many NRIs would participate 
in the venture to repay some 
of their debt to the land of their 
birth. 

d) There will be a system of rewards, 
incentives, media exposure and 
other perks to improve per¬ 
formance. 

There is a vehement disclaimer that 
the proposal for NSU ‘is not an arrogant 
nonresident solution’ for the ills of 
Indian science. This means, back at 
home people should take it as a pure, 
altruistic, transparent offering of their 
migrated brethren. 

Backup required 

1) Grant of land near a major industrial 
centre, easily accessible by air 
(presumably New Delhi). 

2) A grant of about Rs 200 crores from 
the Govt of India. 

3) NSU must be accorded a ‘certain 
special status’. It must have a 
separate independent charter, without 
quotas and without binding and 
suffocating rules, internal and 
external. 

4) A 20% reservation for the NRI 
scientists in the faculty. 

Comments 

Apart from making some remarks like 
‘naive proposal, completely divorced 
from ground realities in India’, ‘curious 
mixture of exceptional generalities with 
undertones of specific inanities’, etc., 
the scientists, whose opinions have also 
been published, have not categorically 
stated whether the proposal is as 
revolutionary as it is claimed to be and 
if it is worthwhile investing our limited 
resources in establishing new insti¬ 
tutions with the fervent hope that these 
would remove the existing malaise. 
None of them seriously considered the 
possibility of achieving the aim by 
infusing more life by way of infrastru¬ 
cture, better management, sustained 


operational autonomy in, at least, some 
of the existing centres. I have no 
hesitation in stating that the proposal of 
NSU is neither novel nor revolutionary 
and it suffers from many inconsis¬ 
tencies, self-contradictions and senti¬ 
mentalities. The expected results are 
based on fond hopes, wishes and 
promises, unsubstantiated by coherent 
reasoning. 

The blunder of separating the 
research institutes from the university 
ambience, cited as the root cause for the 
problems of higher education, may be 
true and should have been and could be 
rectified. However, a similar pattern is 
in existence at the research institutes in 
other countries (e.g. Max Planck 
Institute). The real reason lies in down¬ 
grading our universities as unfit for 
high-level research, in order to Justify 
the establishment of new institutes (Rob 
Paul to pay Peter Syndrome). 

Many other criticisms levelled at our 
academic institutions, such as the 
hierarchical nature of the organizations 
and rigid adherence to ‘procedures’ 
convenient to those in authority, are 
quite valid. These issues have been the 
subject of numerous discussions and are 
on the agenda of various committees. 
Remedial measures, such as internal 
autonomy, etc., have been expected to 
be existing. The real failure is in not 
implementing and monitoring these 
simple, self-evident, democratic rules at 
the grass-root level. Feudalism in India 
is a social trait. In spite of all 
refinements introduced in the Indian 
psyche, due to space time changes, it 
|often reverts like the straightened dog’s 
tail. 

It appears to be a common human 
tendency to boss over. In Western 
countries too the ‘Herr Professors’ do 
lord over their "Mitarbeiters’, but 
generally for genuine causes and there 
are checks and counterchecks (to 
minimize the excesses) built into the 
system over decades and centuries. Such 
control mechanisms are practically 
nonexistent in many (if not all) of our 
institutions. 

The tenor of statements by Mahajan, 
sounds more ‘like fire and brimstone’ 
pulpit sermons of ‘born again’ 
scientists. But, it is strange to hear from 
Srivastava (cosponsor of the proposal) 
that ‘it will be wrong to say that our 
scientists have failed the country’, and 
yet he asserts that ‘Indian Universities, 
in general, have remained a continua¬ 
tion of their colonial past’. While this 
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may be true of the older universities it 
cannot be said of the postcolonial and 
more recent institutions. If ‘the JNU 
provided a change from other univer¬ 
sities and has positively succeeded in 
many areas’, it is difficult to understand 
why Srivastava, who was the V.C. of 
this University for some time and a 
planning commission member after¬ 
wards, and other educational policy 
makers did not make serious attempts to 
bring about necessary organizational 
changes in, at least, some selected 
universities, instead of initiating belated 
measures to start a chain of new 
institutions! Instead of reforming the 
State Universities, through UGC or 
some other organization, our planners 
opened a set of Central Universities. 
Now we are talking of starting NSUs 
sweeping aside the 200 and odd existing 
universities and condemning them to a 
wholesale death. 

The solutions offered by Mahajan are 
backed only by hopes and promises - 
There will be no scientific leadership 
by appointment’. ‘Administrators must 
take care of administrative matters and 
the scientists of scientific matters’. 
There are research institutes like BARC, 
TIFR and some CSIR Labs, where the 
conditions come quite close to this 
situation. Even then, if things are not as 
good as they should be, the 
administrator is an undeserving target 
for attack. Their idea of electric 
management with intellectually-oriented 
politicians and intellectually-oriented 
doyens of industry sounds like the 
ideals of ‘Plato’s Republic’. It is 
difficult to come across a single 
politician who does not aver profound 
ideas for nation-building. 

Mahajan and Srivastava are 
promising the moon. It is for those in 
charge of the country’s policies and the 
finances to make a cost-benefit analysis 
before squandering the average tax 
payer’s (who is not necessarily a 
scientist) money. It is not that the 
country is not appreciative of the 
talented scientists and scholars who 


made a mark in their respective fields in 
this country or elsewhere. Eminent 
scientists such as Chandrashekar, Haris- 
Chandra, Pancharatnam have been 
offered places of their choice, if they 
preferred to return. However, for 
various reasons they could not accept. 

Universities in this country are 
functioning to cater to many interest 
groups. Education is a state subject and 
it is the norm of the times that political, 
religious and cultural groups of various 
hues play an active role in promoting 
their proteges for Vice-Chancellorship 
and other governing bodies. Reservation 
is a national policy, similar to ‘equal 
opportunity act’ in the US and there is 
very little that the institutions can do to 
oppose the political pressure groups in a 
democratic system. If the Ministries of 
Human Resources Development, Edu¬ 
cation and Science & Technology are 
now falling head-over-heels to 
implement the Mahajan report they 
could as well have averted the calamity 
by being more circumspect about 
pushing the reservation and other 
retrograde policies and should have 
strongly opposed several populistic 
measures undermining the academic 
standards. Where is the guarantee that 
NSU will not be swept off the ground, 
after it is inaugurated, by the 
‘democratic’ wave of reservations and 
other moves? 

Many of the prevailing ills of our 
education are well known for a long 
time. It is ironic that often those in the 
seats of power, who have maintained the 
status quo and enjoyed the benefits of 
their privileges, turn out to be vehement 
critics of the same system after their 
retirement. A mission of the presently 
suggested type to restart ‘high level 
science education’ at the suggested cost, 
even with the facade by NRI bigwigs 
instils no confidence of success in our 
minds. The simplistic assumption that 
any set of NRIs can do better than a set 
of resident Indians has to be viewed 
with utmost care and even suspicion. It 
will perhaps cost much less money and 


takes much less time to show results if a 
small number of universities among the 
existing ones are selected, given 
suitable financial and governmental 
backing (without undue interference and 
bureaucracy) to let them function with 
some of the advantages proposed for the 
NSU. Let us welcome with open arms 
the NRI teachers and scientists who 
have the credentials to make positive 
contributions to take an active part in 
such a new experiment. Even if a 
linkage has to be established between 
teaching, research and development, 
measures can be initiated gradually. If a 
country cannot build itself and has no 
intention of rebuilding itself, a handful 
of foreigners or nonresidents, who left 
the shores of this country for various 
reasons, cannot do it either. This is 
axiomatic. Let there be further 
discussions on such an endeavour 
originating from within but supported 
by all eligible well-wishers. 

Finally as a foot note, it is worth 
mentioning that the real talent of our 
country is from the semirural areas. Due 
to financial, regional and other 
restraints they can pursue higher studies 
only in their regional institutions. Our 
Ramans, Rajagopalacharis, Tilaks and 
Gokhales, Rays and Sahas have been 
and are going to be from such financial 
and social strata. Those who can afford 
other set of schools and colleges - Rishi 
Valley, Panchagani, St. Christi, St. 
Stephen would not have any difficulty 
in receiving education from the best 
institutions, here and abroad. But let it 
not escape our attention and our 
conscience, that there has been no 
scientist of any stature, from the latter 
class in spite of privileges and 
splendour. 

P. NARAYANAN 


Department of Life Sciences 
University of Bombay 
Vidyanagari, Santacruz (East) 
Bombay 400 098, India 
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Role of National Labs in post-graduate science education 


The steady deterioration of university 
education in science at both under¬ 
graduate and M Sc levels has been 
painfully obvious to us, working in the 
national labs, by the failing standard of 
research scholars. Instead of going into 
the socioeconomic reasons underlying 
this deterioration, let me concentrate on 
the role the National Laboratories 
(including the IISc) can play in 
remedying the situation. While the role 
the National Labs can play in the 
undergraduate studies is limited, they 
can play a direct interventionist role in 
postgraduate education. Therefore I 
shall concentrate on the latter. The 
problems of research-oriented post¬ 
graduate science education in the 
present-day Indian universities are 
summarized below: 

1. Scientific research activity has 
steadily moved out from the univer¬ 
sities into the National Labs, 
notwithstanding some glorious 

. exceptions, over the past 20-30 
years. 

2. The proliferation of universities over 
this period has led to subcriticality in 
the strength of motivated students, 
qualified staff as well as laboratory 
facility in most of these post¬ 
graduate teaching institutions. 

3. A large number of career options 
in administrative services, banking, 
computer software, management 
of private and public sector com¬ 
panies (and emigration to USA in the 
case of IIT students) have emerged 
over this period, which are more 
lucrative than scientific research. 
Consequently, the postgraduate 
teaching institutions have increas¬ 
ingly oriented themselves towards 
these programmes with coaching 
classes, etc., while there is very little 
premium on scientific research. 

4. The drying up of UGC funding has 
no doubt accentuated the problem. 
But the problem itself is more deep- 
rooted. 

5. In this milieu it is neither possible to 
sustain the interest of the motivated 
few in research nor to tailor the 
postgraduate teaching programme for 


providing them the necessary back¬ 
ground. 

I assume that we are not looking for 
large numbers, but only a small fraction 
of meritorious science graduates who 
have a natural inclination towards 
research. Identifying this as the target 
group, we can ask how to device a 
postgraduate teaching programme that 
will sustain their interest in research as 
well as impart the necessary academic 
training. 

The necessary conditions for this are: 

(a) To bring together a critical number 
of such students in institutions 
which have the critical size of 
research scientists and lab facility 
in a broad area like physical, 
chemical, biological or earth 
sciences - namely, the leading 
National Laboratories. 

(b) To make this career option 
attractive enough for the meri¬ 
torious students, e.g. through 
suitably instituted scholarships and 
teaching/research associateships. 

(c) To establish an organic relationship 
between postgraduate teaching and 
the subsequent research program¬ 
mes, e.g. through an integrated 
M Sc-Ph D programme. 

As indicated above, the answer is an 
integrated M Sc-Ph D programme at the 
leading national laboratories which will 
select students on an all-India basis 
supported by suitable scholarships. The 
typical duration envisaged is 5-6 years. 
The canonical teaching component of 2 
years could be spread over a 3-year 
duration along with a significant 
research component during the 2nd and 
3rd years. Thus, at the end of the 3rd 
year the student should have a general 
idea about the research programmes and 
some involvement in it. This could be a 
natural exit point with an M Sc degree 
or, more appropriately, an M Sc cum 
MPhil degree as required for college 
teachers by the UGC norms. Depending 
on his/her aptitude and ability the 
student could decide to exit at this point 
or stay on for 2-3 years more to 


complete the PhD degree. Because of 
his exposure to the research programme 
after 3 years and the relatively short 
duration of the remaining period, it is 
hoped that the more competent ones 
will decide to complete the PhD 
programme rather than opt out for 
alternative employment avenues 
(including emigration to USA) at this 
stage. 

Many of us working in the national 
laboratories, which have 1 year (or 
more) of post-M Sc teaching curriculum 
along with their Ph D programmes, have 
repeatedly discussed this option since a 
decade now. But no concrete action has 
been taken so far for what seems to be a 
lack of co-ordination and will rather 
than any genuine obstacle. I learned that 
a programme started along this line at 
IISc may come to a halt, as did the M Sc 
programme started by TIFR with Pune 
University a few years back. But I hope 
we will draw appropriate lessons from 
these experiments to work towards a 
more successful one in the future rather 
than abandon it altogether. For I see no 
alternative to this. As a survival strategy 
the leading research centres of the 
country today must undertake the 
responsibility of training the research 
cadres for tomorrow. Nobody else is 
going to do it for them. One hopes, of 
course, that the research cadre so 
trained will not only sustain the 
research effort in the leading national 
labs but rejuvenate it in the university 
system as well. The entry point of these 
research trainees should be B Sc rather 
than M Sc for the practical reasons 
outlined above - namely, that an 
organic relationship between post¬ 
graduate science teaching and re¬ 
search is essential for sustaining the 
interest of the motivated students in 
research as well as gearing-up the 
teaching programme towards this goal. 


D. P. Roy 


Tata Institute of Fundamental Research 
Homi Bhabha Road 
Bombay 400 005, India 
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Ship-building at Bombay 


It was good to see an article on 
ship-building at Bombay {Curr. Sci., 
1994, 66, 965-969). However, there 
is one avoidable omission, namely that 
the tradition in ship-building in the 
Wadia family was at least one of the 
important factors for the fact that 
the first Indian FRS, Ardaseer Cursetjee 
Wadia was a scion of this family 
of ship-builders. The omission is 
surprising because Kochhar has written 
about Ardaseer Cursetjee Wadia 
elsewhere. 


There is a serious misstatement too. It 
is a pity that Kochhar has gone by the 
accounts of British historians of the 
days of the colonial empire, in whose 
eyes, of course, Kanhoji Angre would 
be a pirate. Kanhoji Angre was, 
however, one of the few Indians of that 
period to realize the importance of 
maintaining a strong Indian fleet to 
challenge the might of the colonial 
power on the seas, and protect our coast¬ 
line. Post-independence India recognizes 
his greatness - the seat of Vice-Admiral 


commanding the Western Fleet is not 
called LN.S. Angre without sufficient 
reason. 


B. M. Udgaonkar 

Homi Bhabha Centre for Science 

Education 
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Nobel Prizes 1994: Chemistry 

George A. Olah, A superchemist who bestowed long life to 
fleeting carbocationic intermediates in superacids 


One of the most original and daring ideas in organic 
chemistry was the suggestion that carbocations (positive 
ions of carbon compounds) might be intermediates in 
the course of reactions that start from nonionic reactants 
and lead to nonionic covalent products. Although the 
nature of triarylmethyl cationic salts and some dyes was 
known since the pioneering studies of Baeyer, Walden, 
Gomberg and others at the turn of the twentieth 
century^, the more general significance of carbocations 
in chemistry was for long not recognized. It was Hans 
Meerwein^ who in 1922, while studying the Wagner 
rearrangement of camphene hydrochloride to -isobornyl 
chloride, found that the rate of the reaction increased 
with the dielectric constant of the solvent. Further, he 
found that certain strong Lewis acid chlorides con¬ 
siderably accelerated the rearrangement of camphene 
hydrochloride to isobornyl chloride. Meerwein concluded 
that the isomerization actually does not occur by way of 
migration of the chlorine atom but by a rearrangement of 
a cationic intermediate. Thus, the modern concept of 
carbocationic intermediates was born. 






isobornyl chloride 


Scheme 1. 

Ingold, Hughes, and their collaborators in England, 
eginning in the late 1920s carried out detailed kinetic 
id stereochemical investigations on what became 
lown as nucleophilic substitution at saturated carbon 
id polar elimination reactions^. Their work relating to 
4 and later El reactions further established the 
rbocationic concept in organic reactions. Whitmore"* 
a series of papers in the thirties generalized this 


concept to many other organic reactions. Alkyl 
carbocations, however, were generally considered to be 
unstable and transient (short lived) as they could not be 
directly observed in solution chemistry. Many chemists, 
such as Roger Adams in the United States, consistently 
doubted their existence as real intermediates. The 
concept of carbocations slowly grew to maturity through 
kinetic, stereochemical and product studies of a wide 
variety of reactions, especially unimolecular nucleo¬ 
philic substitutions and eliminations. Direct observation 
of stable, long-lived carbocations, particularly of alkyl 
cations in the condensed state for long remained an 
elusive goal till George A. Olah’s remarkable discovery 
in the early sixties. 

George Andrew Olah was born in Budapest, Hungary, 
on 22 May, 1927. His mother was a home maker and 
father a lawyer. Six days a week, the young Olah 
attended rigorous German style school. At school he was 
mesmerized by Hungary’s history. Later inspired by 
talented science teachers he turned his attention to 
science. After graduating from High School he joined 
the Technical University of Budapest and began organic 
chemistry research under the then famous carbohydrate 
chemist, Geza Zemplen, a student of Emil Fischer. Thus 
Olah can be considered as the ‘Scientific Grandson of 
Emil Fischer’. At the young and tender age of 22, he 
obtained the equivalent of a PhD degree at the Technical 
University and was appointed as an instructor at the 
Organic Chemical Institute. The same year he married 
Judith Agnes Lengyel, a dedicated lifelong partner. 

At the Organic Chemical Institute Olah became 
interested in the chemistry of organofluorine 
compounds. His mentor Zemplen strongly disapproved 
fluorine chemistry as it involved toxic and noxious 
reagents such as HF, BF 3 , etc. Eventually Olah prevailed 
and began his work in the area of alkyl fluorides and 
acyl fluorides, especially their application in Friedel- 
Crafts chemistry using a variety of Lewis acids. He also 
prepared formyl fluoride as well as nitronium 
tetrafluoroborate (NOJ BF 4 "), the latter a versatile 
electrophilic nitrating agent. 

Olah was fascinated by the work of Meerwein^, who 
had earlier in the forties prepared oxonium and 
carboxonium salts. Even today Olah considers Meerwein 
as his hero^. He was also stimulated by the work of Seel, 
who for the first time had isolated acetylium 
(CHsCO'^BFT) salts^. At Hungary, he soon rose through 
the ranks to become the Associate Scientific Director of 
the Central Research Institute of the Hungarian 
Academy of Sciences. 
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Olah with his family left Hungary in 1956 during the 
Soviet invasion and emigrated to Canada through the 
help of Judith’s relatives and joined the Dow Chemical 
Research Laboratory at Sarnia, Ontario, Canada, where 
he continued his research on acyl fluoride-Lewis acid 
complexes, now employing NMR and IR spectroscopy 
as analytical tools, A systematic investigation of various 
Lewis acids led him to antimony pentafluoride, one of 
the very strong Lewis acids. He also studied pivaloyl 
fluoride complexes with SbF 5 (ref 8 ). The major 
breakthrough occurred when pivaloyl cation showed 
tendency for decarbonylation to stable long-lived lert- 
butyl cation. Thus a medium had been found to stabilize 
elusive alkyl cations^. 

(CH 3 ) 3 CCOCl ) (CH 3 ) 3 CCO'*-SbF 5 Cl- 

—=22_^(CH3)3C^SbF5Cl- 
(CH 3 )3 CF(CH, >3 C^Sb, Ff, 

The tert-hnXyX cation was also obtained by dissolving 
tert-h\ity\ fluoride in excess antimony pentafluoride, 
which served both as the Lewis acid and the solvent. 
Subsequently, the counter anion was found to be, under 
these conditions, primarily the dimeric Sb 2 Ffi anion 
whereas in SbF 5 :S 02 and SbF 5 :S 02 ClF solutions, both 
SbF^" and Sb 2 Ff| anions are formed. The possibility of 
obtaining stable alkyl fluoroantimonate salts from alkyl 
fluorides and subsequently alkyl chlorides in antimony 
pentafluride solution (neat or diluted with SO 2 , SO 2 CIF, 
SO 2 F 2 , Freon 11 and Freon 113) or in other superacids 
such as HS 03 F:SbF 5 (named Magic Acid as it can 
dissolve Christmas candle and produce a solution of 
long lived tert-h\xiy\ cation like magic), HFiSbFs 
(fluoroantimonic acid) HF;TaF 5 (fluorotantalic acid), 
CF 3 S 03 H;B( 0 S 02 CF 3)3 and the like were evaluated in 
detail, extending studies to all isomeric C 3 -C 8 alkyl 
halides as well as to a number of higher homologues'®. 
Lfsing Bronsted superacids stable carbocations were 
generated from precursors such as alcohols, alkenes, 
ethers, sulfides, amines and even alkanes. Substrates 
which possess nonbonded electron pair donors initially 
form onium ions^^. 

To prove that stable alkyl cations, and not exchanging 
donor-acceptor complexes, were obtained, Olah in 
addition to ^H NMR studies also investigated as early as 
1962 the NMR of potentially electropositive 
carbenium carbon atoms in alkyl cations^. The NMR 
chemical shift of the carbocationic center in terr-butyl 
cation in SbF 5 :S 02 ClF at -20°C is 335.2 

(referenced from the tetramethyl-silane signal), a highly 
deshielded shift indicating substantial positive charge on 
the tertiary carbon, with a long range NMR 

coupling constant of 3.6 Hz. The NMR chemical 
shift of the cationic center in the isopropyl cation 


((CH 3 ) 2 CH‘^) is at 320.6 with a long range coupling 
of 3.3 Hz. The direct coupling constant at the 

carbocationic center is 169 Hz (indicating sp^ hybridiz¬ 
ation of the cationic center). Thus the substitution of the 
methyl group in the /er/-butyl cation by hydrogen causes 
an upfield shift of 14.6 ppm. Such deshielding upon 
methyl substitution has been attributed to methyl 
substituent effect. The tert-huXy\ cation is much more 
stable than secondary isopropyl cation due to additional 
C-H hyper-conjugation. This effect has been recently 
demonstrated by the crystal structure analysis of tert- 
butyl cation salt with Sb 2 Ff anion 

The key to Olah’s success in the generation and 
characterization of long lived alkyl carbocations lies in 
the extremely low nucleophilic nature of the counter 
anions in the highly acidic superacid medium. 
Superacids encompass both Bronsted and Lewis acids. 
Previous attempts to obtain stable alkyl cations in 
H 2 SO 4 had failed because of the relatively nucleophilic 
nature of HSO 4 (ref. 12). 100% Sulfuric acid on a 
Hammett’s logarithmic acidity scale, -Ho, has a value of 
12. Any Bronsted acid stronger than 100% sulfuric acid 
is considered as a Bronsted superacid^^. Thus, FSO 3 H 
(-Ho, 15.1), anhydrous HF (-Hq, 15.1) CF 3 SO 3 H (-Hq, 
14.1), CISO 3 H (-Ho, 13.8) HCIO 4 (-Ho, 13.0) are all 
superacids. Conjugate superacids such as FS 03 H:SbF 5 
(-Ho, 25) and HFiSbFs (-Ho, 30) are billions and even 
trillions of times stronger than sulfuric acid. Since no 
thermodynamic acidity scale exists for Lewis acids any 
Lewis acid stronger than anhydrous AICI 3 in its 
reactivity is considered as a Lewis superacid’^. 

Olah’s pioneering discovery also led to studies on the 
2-norbornyl cation, whose structure was of significant 
dispute in the early sixties. The much heralded 
controversy centred around the question whether the 
experimentally observed significant rate enhancement of 
the hydrolysis ofl-exo over 2-^«<io-norbornyl esters and 
high exo selectivity in the system were due to, as 
suggested by Winstein, a-participation of the C 1 -C 6 
single bond with delocalization to a bridged 
‘nonclassical’ ion or only by steric hindrance in the case 
of the c/7^o-system and involving only equilibrating 
‘classical’ trivalent ions^"^. Nonclassical ions, a term first 
used by Roberts^^, were suggested by Bartlett^"^^ 
to contain too few electrons to allow a pair for each 
bond. 



nonclassical a-bridged classical 2-norbomyl 

2-norbornyl cation cation 

Scheme 2 . 
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Olah came across the 2-norbomyl cation controversy 
at the 1962 Brookhaven Reaction Mechanism 
conference where he was invited to unveil his important 
discovery on the long lived alkyl cations The main 
event of the meeting was apparently the continuing 
debate between Winstein and Brown on the classical- 
nonclassical nature of carbocations (called carbonium 
ions then) including the 2-norbornyl cation, Olah 
distinctly remembers to have been called aside 
separately by both Winstein and Brown and was asked 
to apply his methods for the structural characterization 
of the long lived 2-norbornyl cation. In 1964 Olah was 
transferred to Dow’s Eastern Research Laboratory, 
Massachusetts and the 2-norbornyl cation work was 
pursued by initial NMR studies in cooperation with 
Paul Schleyer from Princeton and Martin Saunders from 
Yale^^. In 1965 Olah accepted an invitation to join 
Cleveland’s Western Reserve University and soon was 
asked to oversee the merger of his department with the 
chemistry department of the adjoining Case Institute of 
Technology. His handling of the marriage became a role 
model for complete merger of the two schools, creating 
the well known and well reputed Case Western Reserve 
University. It took, however, till 1969 following his 
move to develop efficient low temperature techniques 
using solvents such as SO 2 CIF and SO 2 F 2 , to be able to 
obtain high resolution ’h and ^^C NMR spectra of the 2- 
norbornyl cation eventually down to -159°C in super¬ 
cooled solutions, freezing all the degenerate C-C bond 
(Wagner-Meerwein) and hydride alkyl shiftsThe 
studies supported the symmetrical a-bridged non- 
classical structure originally proposed by Winstein. 
Support for the symmetrical a-bridged nonclassical 
structure of the 2-norbornyl cation also comes from 
Olah’s ESCA studies^^, deuterium isotopic perturbation 
studies^^, solid state ^^C NMR studies at 5 K by Yannoni 
and Myhre“^ and ab initiolIGLO NMR chemical shift 
calculations^^'. 

Olah moved to warmer west to University of Southern 
California at Los Angeles in 1977 and founded the 
Loker Hydrocarbon Research Institute. As a scientific 
co-director with the well-known physical chemist Sidney 
Benson, he established a world renowned center for 
studies of hydrocarbons. 

Since 1960s a wide variety of structurally diverse 
carbocations, carbodications (for representative examples, 
see Figure 1) were prepared under so-called long-lived 
stable ion conditions and characterized primarily by low 
temperature ^H and ^^C NMR spectroscopy^^. In 
addition to solution NMR studies, solid state NMR, UV- 
visible, infrared, Raman, ESCA (X-ray photoelectron 
spectroscopy) and X-ray crystallography have been 
employed to delineate carbocationic structures, their 
mode of charge delocalization and stabilization^^. 

Based on the study of carbocations by direct 
observation of long-lived species and related superacid 


chemistry, it became apparent to Olah that the 
carbocation bonding concept is wider than previously 
thought and needed a more general definition which was 


QassIcalTrivaJent Carfoocatioiis 



Carbodications 



offered by him in 1972 (ref 23). The definition takes 
into account the existence of two major limiting classes 
of carbocations with a continuum of varied degree of 
delocalization bridging them. 

Trivalent {‘classical’} carbenium ions contain an sp^- 
hybridized electron-deficient carbon atom, which tends 
to be planar in the absence of constraining skeletal 
rigidity or steric interference (related sp-hybridized, 
linear oxocarbonium ions and vinyl cations also show 
substantial electron deficiency on carbon). The 
carbenium carbon contains six valence electrons, thus is 
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highly electron deficient. The structure of trivalent 
carbocations can always be adequately described by 
using only two-electron two-center bonds (Lewis 
valence bond structures), CH 3 is the parent for trivalent 
ions, 

Penta- (or higher) coordinated {‘nonclassical’} 
carbonium ions contain five or (higher) coordinated 
carbon atoms. They cannot be described by two-electron 
two-center single bonds alone, but also necessitate the 
use of two electron three (or multi) center bonding. The 
carbocation center is always surrounded by eight 
electrons, but overall the carbonium ion is electron 
deficient due to sharing of two electrons between three 
(or more) atoms. CH 5 can be considered the parent for 
carbonium ions. 


Carbocations 



trivalent ‘classical’ ions 
(carbenium ions) 

CH 3 is parent 


penta (or higher) coordinated 
‘nonclassical’ ions (carbonium 
ions) 

CH 5 is parent 


The most significant aspect of the a-bridged 
2-norbornyl cation structure for Olah was the realization 
of the ability of C-H and C~C single bonds to act as two 


electron donors in electrophilic organic reactions. Two- 
electron three-center (2e-3c) bonding (familiar in boron 
and organometallic reactions) is involved in these 
reactions and is the key to much new organic chemistry, 
i.e. the extended chemistry of hypercoordinated carbon 
compounds (in short hypercarbon chemistry)^"^. Tri¬ 
valent carbenium ions are the key intermediates in 
electrophilic reactions of 7 C-donor unsaturated hydro¬ 
carbons. At the same time pentacoordinated carbonium 
ions are the key to electrophilic reactions of a-donor 
saturated hydrocarbons (C-H or C-C single bonds). 

Olah’s studies in the late sixties, seventies and 
eighties for the first time provided evidence for the 
general reactivity of covalent C-H and C-C single 
bonds of alkanes and cycloalkanes in various protolytic 
processes as well as in hydrogen-deuterium exchange, 
alkylation, nitration, halogenation, etc. This reactivity is 
due to the a-donor ability (sigma basicity) of single 
bonds allowing bonded electron pairs to share their 
electron pairs with an electron deficient reagent via two- 
electron, three-center bond formation. The reactivity of 
single bonds thus stems from their ability to participate 
in the formation of pentacoordinated carbonium ions. 
Subsequent cleavage of the three-center bond in the case 
of C-H reaction results in the formation of substitution 
products, C-C reaction results in bond cleavage and 
formation of a fragment carbenium ion, which then can 
react further. 


R3C-H + E-" 




1 + 


R3C“— 


'E J ^ 


RaC-' + EH 


R3CE + 


R3C-CR3 + E-^ 



R3CE + RaC-*- 


E-" = O'", R-^. NO2'", Haf etc. 

Scheme 4. 

Superacid catalysed hydrocarbon chemistry involving 
conditions favoring carbocationic intermediates has also 
gained significance in practical applications^^. Rela¬ 
tively low temperature effective isomerization of 
alkanes, much improved and environmentally adaptable 
alkylation, new approaches to the functionalization of 
methane and possibilities in its utilization as a building 
block for higher hydrocarbons and their derivatives, as 
well as moderate conditions for coal liquefaction are 
some of the few notable examples. Superacidic systems 
are not limited to solution chemistry. Solid superacids, 
possessing both Bronsted and Lewis acid sites, are of 
increasing significance. They range from supported or 
intercalated systems, to highly acidic perfluorinated 
resinsulfonic acids (such as Nafion-H and its analogs), 
to certain zeolites (such as H-ZSM-5) (ref. 10). 
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Olah has recently realized that electrophiles capable 
of further interaction (coordination, solvation) with 
strong Bronsted or Lewis acids can be greatly 
activated^^. The resulting enhancement of reactivity can 
be very significant compared to that of the parent 
electrophiles under conventional conditions and 
indicates superelectrophile formations, i.e. electrophiles 
with greatly enhanced electron deficiency (frequently of 
dipositive nature). Common electrophiles such as the 
acetyl cation, nitronium ion and even tert-h\ity\ cation^^ 
are protonated in superacidic media into doubly charged 
superelectrophiles- 

H"*" 

CH3-C=:0 . cH3-C=:0— 

+ H-^ 2+ 

0 ?=N—0 

OH 


^CH3 

C H-" 

I — 

CH 3 



'TH 


Scheme 5. 

The broad implication of such a proposal is only being 
realized now in practical reactions. In comparison with 
solution chemistry it is reasonable that in solid 
superacid catalyst systems, bi- or multidentate interac¬ 
tions forming highly reactive intermediates is possible. 
This amounts to the solid-state equivalent of 
protosolvation (protonation). Nature is able to perform 
its own transformations in ways which chemists have 
only begun to understand and cannot yet come close to 
duplicate. At enzymatic sites many significant trans¬ 
formations take place which are acid catalysed 
(including electron-deficient metal-ion-catalysed pro¬ 
cesses). Because of the unique geometry involved at 
enzymatic sites bi- and multidentate interactions must be 
possible; the superelectrophile concepts developed by 
Olah may also have relevance to our understanding of 
some enzymatic processes^^. 

Olah’s chemistry is not just limited to the study of 
superacids, structural-mechanistic studies, or the deve¬ 
lopment of new hydrocarbon chemistry for which the 
1994 Nobel Prize was bestowed. He was also instru¬ 
mental in the development of new synthetic reagents 
which have gained wide application in both organic and 
inorganic chemistry“^. Besides carbocation, halonium, 
nitronium, hydroperoxonium, ozonium salts other 
reagents include nitronium, nitrosonium salts, pyri- 
dinium polyhydrogen fluoride (a versatile fluor- 
inating agent), iodotrimethylsilane, N-formyl piperidine, 
cyanuric fluoride, uranium hexafluoride, selenium 
tetrafluoride, etc. Olah’s pioneering chemistry cuts 
across the conventional boundary of organic and 


inorganic chemistry. His methods are widely used by 
every day working chemists around the world and form 
standard part of elementary textbooks in both organic 
and inorganic chemistry. Olah is a prolific writer. He 
has published more than 1000 scientific papers, holds 
100 patents and has been an author/coauthor of more 
than 15 books and monographs. He has directed more 
than sixty doctoral students and has been associated 
with more than 150 postdoctoral associates whom he has 
attracted from all over the world. He is one of the most 
cited authors in the field of organic chemistry today. 
The astounding volume of fundamental work that has 
come out of his laboratory is a true inspiration to his 
students and peers alike. 

Apart from the Nobel Prize Olah’s work has been 
recognized by many honors and awards. He is the 
winner of the American Chemical Society’s Award for 
Petroleum Chemistry, Creativity in Synthetic Organic 
Chemistry, Roger Adam’s Medal, Michaelson-Morley 
Award, Chemical Pioneer Award, California Scientist of 
the Year, etc. He is a member of the US National 
Academy of Sciences and has received honorary 
doctoral degrees from Durham, Munich, Budapest and 
Crete. Olah is married to Judith for the past 45 years 
who is also a well-known chemist in her own right. They 
have two sons and a grandson. 

Olah continues to be a source of new ideas and 
innovative contributions to chemistry. Olah wrote more 
than twenty years ago that his realization of the electron 
donor ability of shared (bonded) electron pairs (single 
bonds) could one day rank equal in importance with G. 
N. Lewis’ realization of donor ability of the unshared 
(non-bonded) electron pairs. The fundamental studies of 
Lipscomb established the structural aspects of boranes 
through the concept of two-electron three or multi center 
bonding^"^. Although the concept of the tetravalency of 
carbon stated by Kekule well over a century ago remains 
an essential foundation of organic chemistry and carbon 



Author Prakash with the Nobelist Olah. The photograph was 
taken on the day the Nobel Prize was announced. 


18 


CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 


NEWS 


as a first row element cannot extend its valence shell 
and the octet rule allows formation of only four two- 
electron two-center (2e-2c) Lewis type bonds, Olah’s 
work clearly established that electron pair of carbon- 
carbon bond can be involved in two electron-three 
center (2e-3c) or 2e-multicenter bonding. The hyper¬ 
coordinate carbocations are 8e carbon systems and do 
not violate the octet rule (on the other hand, carbanionic 
Sn2 transition states [Y-CRs-X]" are lOe systems and 
thus cannot be intermediates). This allows carbon to 
simultaneously bond five (or even six) atoms or groups 
which is the key to understand the rapidly emerging 
electrophilic chemistry of saturated hydrocarbons, 
including parent methane and that of C-H and C-C 
bonds in general. Thus Olah’s work leaves a lasting 
impact on chemistry. 
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Nobel Prizes 1994: Physiology and Medicine 


G proteins - Critical control points in cellular signal 
transduction 


Every living organism needs to communicate with its 
environment and adapt itself to changes in its surroundings. 
The signals for such changes could be nutrients, toxins, light 
and hormones, and sometimes all of them at the same time. 
Individual ceils possess receptors for the various signals to 
which they should respond, and in the case of signals that 
cannot penetrate the cell membrane, specific receptors for the 
signals are present embedded within the membrane. Binding 
of ligands to these receptors must now result in biochemical 
changes within the cell; the process by which this 
extracellular message is transmitted is known as signal 
transduction. Studies carried out in the last twenty years by 
Drs Martin Rodbell and Arthur Gilman and, indeed, by a 
number of laboratories throughout the world, have shown that 
G proteins are essential components in a wide variety of 
signal-transducing mechanisms. The importance of G proteins 
in so many vital processes within a cell has been 
acknowledged in the joint award of the 1994 Nobel Prize for 
Medicine or Physiology to Rodbell and Gilman. 

Discovery of G proteins 

Rodbell, working in the early 1970s in the National Institute 
of Environmental Health Sciences, North Carolina, noticed 
that activation of adenylyl cyclase by various hormones 
showed a dependency on magnesium ion concentrations that 
could not solely be explained by the requirement of Mg-ATP 
as a substrate for the enzyme. The complex kinetics of ATP 
activation could be explained only later, by detecting a GTP 
contamination in the ATP preparation used for the assay! ^ On 
studying the glucagon-sensitive system in liver cells, Rodbell 
observed that GTP, in fact, reduced the affinity of the 
hormone for the glucagon receptor, and that the presence of 
GTP was essential for the stimulation of adenylyl cyclase by 
the hormone. GTP was hydrolysed during the course of the 
assay, and non-hydrolysable analogues of GTP could result in 
prolonged activation of adenylyl cyclase, strongly suggesting 
that a protein component was present in the membranes that 
bound GTP and could transduce the signal to adenylyl 
cyclase, leading to cAMP production'. 

In the late 1970s, Gilman working along with Eliot Ross at 
the Department of Pharmacology in the University of Texas, 
was able to restore adenylyl cyclase activity to membranes pre¬ 
pared from cells which were thought to be deficient in adenylyl 
cyclase activity, by the addition of extracts prepared from 
wild-type cells, and the hormone in a GTP-dependent manner. 
This assay allowed Gilman and co-workers to purify the first 
guanine nucleotide binding protein (G protein) responsible for 
stimulating adenylyl cyclase activity, Gs or as, and led to a 
general mechanism of G-protein-mediated hormone action^. 

Hormones that bring about their effects through G proteins 
bind to receptors on the cell surface. These G-protein-coupled 
receptors, a number of which have been cloned and 


sequenced, have a characteristic topology in which the 
receptor is predicted to span the membrane seven times. These 
‘seven-pass’ receptors interact with the G proteins in well- 
defined regions of the receptor which project into the 
cytoplasm of the celP. 

Mode of action of G proteins 

The G proteins involved in signal transduction are 
heterotrimeric membrane-associated proteins composed of an 
a subunit, and p and y subunits tightly associated with each 
other through non-covalent interactions^. The a subunit of the 
G protein binds the guanine nucleotide, either GTP or GDP, 
and in the GTP-bound form, dissociates from the py subunits. 
The GTP-bound form of the a subunit is in the activated state 
and modulates the activity of a variety of molecules involved 
in the signal transduction process, such as adenylyl cyclases, 
phosphodiesterases, or ion channels. The a subunit has an 
inherent ability to hydrolyse its bound GTP, and therefore 
returns to its basal GDP-bound, inactive state, allowing its 
interaction again with the py subunits (Figure 1). This is 
known as the G protein cycle. 

Activation of the G proteins is brought about by the 
binding of ligands with their specific receptors, and the 
conformational change in the receptor induced by ligand 
binding is sensed by the a subunit of the trimeric G protein 
present in the membrane. This leads to an association of the G 
protein with the activated receptor through the a subunit. This 
interaction reduces the affinity of the a subunit for its bound 
GDP, allowing GDP-GTP exchange via a transient ‘empty’ a 
subunit. The concentration of GTP is higher in the cell and 
therefore the vacant guanine nucleotide binding site in the a 
subunit is now occupied by GTP, leading to a dissociation of 
the py subunits. The individual components of the G protein 
are now free to interact with their effectors (Figure 1 a). 

It was initially believed that the GTP-bound a subunit was 
solely responsible for the activation of various effectors, but 
growing evidence in the last few years has indicated that the 
Py subunits are also able to activate a variety of ion channels, 
adenylyl cyclase and phospholipase C isoforms as well. This 
implies that for a given hormone, a number of divergent 
signals are generated within a cell, the cumulative effect of 
which is reflected in the overall cellular response^. 

Structure of G proteins 

With the advent of advanced molecular cloning techniques, it 
is now known that there are more than 20 different forms of 
the a subunit, four different p forms and at least seven 
different y subunits in mammalian cells^. As a consequence, 
many combinations of the individual subunits are theoreti¬ 
cally possible, allowing fine tuning of the cellular response. 
However, biochemical evidence suggests that only a few 
combinations actually do occur. 
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Figure 1. a, The mechanism of activation of G proteins 
following ligand binding to its receptor; b, the G protein cycle. 
Details are given in the text. 


Table 1. Physiological effects mediated by G proteins 


G protein 

Stimulus/Cell type 

Effects 

Gs 

Epinephrine, glucagon 

cAMP increase, 


Liver cells 

glycogen breakdown 

Gs 

Luteinizing hormone 

cAMP increase, estrogen 


Ovarian follicles 

and progesterone 
synthesis 

Gs 

Luteinizing hormone 

cAMP increase, 


Sertoli cells/testes 

testosterone synthesis 

Gi 

Acetylcholine 

Opens channels, slows 


Heart muscle cells 

heart rate 

Gq 

Angiotensin 

Phospholipase C 


Smooth muscle 

Muscle contraction. 


cells in blood vessels 

elevation of blood 
pressure 

Golf 

Odorants 

cAMP increase, 


Epithelial cells in nose 

detection of odorants 

Gt 

Light 

cGMP increase, visual 

(transducin) 

Rod and cone ceils 
of retina 

signal detection 

Py 

Muscarinic agonists 
Cardiac atria 

K" channel 

Py 

Nervous system 

Type-1 adenylyl cyclase 


The a subunits are proteins which range in molecular 
weight from 39 to 52 kDa, and can be divided into four 
different classes based on similarities in their amino acid 
sequences. The as class is involved in the stimulation of 
adenylyl cyclase and the class includes ttoif, which is present 
in olfactory epithelium. The a; class of proteins, which are 


abk to inhibit adenylyl cyclase, includes transducin, the a 
subunit involved in visual signal transduction. The Uq class of 
proteins is involved in activating phospholipase C, and the 
fourth class includes ai 2 and ais, whose functions are not yet 
known. 

The a subunit of heterotrimeric G proteins belongs to a 
superfamily of proteins bearing resemblance to each other in 
the guanine nucleotide binding domain. Proteins in this 
superfamily include elongation factors EF-Tu, the oncogene 
ras, and other GTP-binding proteins related to r^s. In these 
cases too, it is the GTP-bound form of the proteins which is 
active, though there are requirements for the interaction with 
other proteins to aid in the GDP-GTP exchange, as well as 
GTP hydrolysis"^. 

There is greater identity in sequence amongst the different 
p and the y subunits, which always remain tightly associated 
with each other, and with the cell membrane, through lipid 
modification of the y subunit. In the last few years it is 
recognized that these two subunits are also able to activate a 
number of effectors, in what was considered a heretic concept 
when first suggested^. 

The crystal structures of ras and EF-Tu were reported a 
few years ago but it was in the last few months that the 
structures of transducin bound to GDP and a non- 
hydrolysable analogue of GTP, GTPyS, were available. An 
analysis of the structures reveals that observations made from 
studies on mutagenesis of various residues in the a subunit 
and the resultant effects on a subunit activity could be 
explained by the three-dimensional pictures that we now have 
of the a subunit^. It is also now possible to understand the 
chemical mechanism by which GTP hydrolysis is effected, 
allowing perhaps to regulate in future the rate of hydrolysis of 
GTP by the design of suitable analogues^. 

Functions of G proteins 

Various forms of the G proteins mediate a number of 
physiological actions of many hormones (Table 1). G proteins 
are involved in the perception of light, smell, taste, and the 
regulation of sex hormone secretion. Visual signal 
transduction is perhaps the most studied process involving G 
proteins, largely due to the high concentrations of the receptor 
rhodopsin, which couples with the G protein, and transducin, 
the a subunit involved in the stimulation of a cGMP-specific 
phosphodiesterase, in the membranes of the rod cells of the 
eye. Olfactory signalling is carried out by a large number of 
receptors - all bearing the characteristic seven transmembrane 
spanning domains - and G proteins that couple to adenylyl 
cyclase activation and phospholipase C activation. The 
luteinizing hormone (LH) and the follicle stimulating 
hormone both interact with distinct G-protein-coupled receptors 
and regulate the production of testosterone, progesterone and the 
development of follicles in the ovary^. 

A myriad of processes involve G proteins and their 
receptors, and so it is expected that any aberration in their 
function will lead to deleterious effects in the response of the 
cells. Cholera toxin, which is responsible for the acute, often 
lethal diarrhoea associated with cholera, covalently modifies 
as and thereby reduces the GTPase activity of the a subunit. 
The a subunit can then rem.ain in an active state for a 
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prolonged period of time, leading to elevated levels of cAMP 
within the intestinal cell, resulting in a massive efflux of 
chloride and water, characteristic of the diarrhoea. Pertussis 
toxin, the toxin produced by the bacteria Bordetella pertussis, 
that causes whooping cough, modifies the Gi form of the a 
subunit, preventing its interaction with the receptor to which 
it couples, leading to elevated cAMP levels within the lung 
epithelia. 

A number of diseases are associated with mutations in the 
G proteins or in the receptors to which they couple^. 
Activated thyrotropin receptors, caused by somatic mutation 
of the receptor, which is G-protein-coupled, produces 
functioning thyroid adenomas with hyperthyroidism. 
Precocious puberty in males is due to an activating mutation 
in the LH receptor. Both these mutations map to regions in 
the receptors that interact with the G proteins, and presumably 
lead to constitutive activation of the a subunits that couple to 
adenylyl cyclase^. 

Mutations have also been identified in a subunits which 
either lead to the activation of the a subunit or loss of its 
expression. Activation is associated with a reduced GTPase 
activity of the a subunit, and many of the mutations are at 
residues which were earlier shown in ras to inhibit GTPase 
activity, and lead to cellular transformation. In fact, a majority 
of human tumours are associated with constitutively activated 
ras mutations. Certain growth-hormone«secreting pituitary 
tumours have identified mutations in the subunit, as is the 
case in McCune-Albright syndrome, characterized by 
peripheral sexual precocity and other endocrinopathies. 
Albright’s hereditary osteodystrophy is characterized by short 
stature and obesity, and is an inherited disease in which 
levels are markedly reduced in cell membranes from affected 
tissues. This leads to resistance to a number of hormones, 
including thyroid stimulating hormone, gonadotropins and 
glucagon, all of which are coupled to the stimulation of 
adenylyl cyclase^. 

Conclusions 

The fundamental nature of Rodbell and Gilman’s discoveries, 
and the near ubiquitous role of G proteins in cellular 
signalling has laid the basis for extensive studies from a 
number of laboratories. G protein homologues have been 
identified in the yeast, Saccharomyces cerevisiae, where they 
are involved in the mating process, and in Dictyostelium, 
where they participate in developmental regulation; and G- 
protein-like genes have been detected in Drosophila 
and are essential for appropriate morphological changes^. 

Why has the guanine nucleotide been chosen to play such a 
critical role in the signalling process adopted by cells? The 
adenine nucleotide, ATP, is involved in all energy-dependent 
processes, and is used as a substrate for kinases within the 
cell. GTP, however, is used by guanylyl cyclases as a 


Substrate for the production of cGMP. Interestingly, some 
membrane-bound forms of guanylyl cyclase, such as the 
receptor for atrial natriuretic factor, show an ATP-dependent, 
ligand-stimulated guanylyl cyclase activity^®. In these 
receptors, there is a domain predicted to be lying towards the 
cytoplasmic side of the membrane, that bears homology to 
protein kinases. However, no protein kinase-like activity has 
been demonstrated by any of these receptor cyclases, 
suggesting that this ATP binding domain may influence the 
catalytic activity of the enzyme. It is exciting to suggest that 
these kinase-like domains may function in a manner 
analogous to the a subunits of the G proteins, by activating 
the guanylyl cyclase activity when in the ATP-bound form*’. 

With the critical role played by G proteins and their 
receptors in cellular signalling, it is no surprise to know that a 
number of drugs are in use that specifically interact with G 
protein-coupled receptors. These include drugs for 
hypertension, dopamine analogues, and the opiates. However, 
given the high degree of homology of the various subunits of 
the G proteins and their wide distribution within the cells, it 
appears unlikely that specific inhibitors for any a or py 
subunits will be identified. Most therapeutics which interfere 
in the G-protein-coupled pathway are targeted at the effector 
enzymes, such as the methylxanthines, which inhibit 
phosphodiesterases and therefore can modulate cyclic 
nucleotide levels. In the coming years, clearer understanding 
of the structures of more a subunits, and perhaps the py 
complex, will emerge. Further complexities in the intricate 
signalling pathways and cross-regulation of the different 
pathways will be identified. This will re-emphasize the 
fundamental discoveries made by Rodbell and Gilman, which 
will allow us in the future to control a variety of biological 
processes within the body. 
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Indian Academy at crossroads 


Sixty years is as good a time as any to 
look back and to reflect on where one 
is, where one wants to be and how one 
can get there. That is precisely what the 
past presidents of the Indian Academy 
of Sciences were asked to do at the 
Diamond Jubilee meeting of the 
Academy held at the JN Tata auditorium 
in Bangalore in the first week of 
December. 

The Academy, as everyone knows, is 
a creation of C. V. Raman. As long as 
he lived ‘he was the centrepiece of 
everything’; he was president for life; 
he virtually decided who would be 
elected; and he ran the Proceedings 
virtually all by himself, so much so 
when he passed away the Academy was 
really at a loss to find someone among 
the Fellows who could take over as 
Editor of the Proceedings. M. G. K. 
Menon, the third President of the 
Academy, did not mince words when he 
said that in the first (or the Raman) 
phase of the Academy both the structure 
and function of the Academy were 
totally determined by one man. Of 
course, the founder had a stature 
unparalleled in the history of modern 
Indian science, but for Ramanujan. Year 
after year he attracted packed houses at 
the annual meetings irrespective of 
where the meeting was held. He inspired 
many young people. Asked Menon, 
rightly, how many of us could do it 
now. He was clear that none of the 
present Fellows could do what Raman 
did. Indeed, at the Diamond Jubilee 
meeting only two people spoke to a full 
house, Abdul Kalam and General 
Sundarji. Is there a message in only 
soldiers and defence scientists being so 
popular in a meeting whose ostensible 
purpose was to showcase the best of 
India’s scientific research? 

Reminiscing the second phase - from 
immediately after the death of the 
founder up till now - Menon said that 
the first concern was how to ensure that 
the Academy created by Raman would 
survive and grow. He was candid 
enough to admit that the inheritors of 
the Academy found it was not truly an 
all-India body and it was not 
representative of all disciplines. He 
narrated how the Academy took expe¬ 
ditious steps to rectify the situation; 
indeed the Academy changed the 
statutory restrictions on the number of 


Fellows that could be elected in a year 
and increased it to one hundred for the 
two years 1974 and 1975. Thus a large 
number of scientists who deserved to be 
in were elected. Among them was C. R. 
Rao, the eminent statistician, who had 
been elected to the Royal Society 
several years earlier! 

Menon then went on to present what 
he would like the Academy to be in the 
years to come. It is clear that science is 
no longer of the ‘sealing wax and 
strings’ kind and now it is a huge 
organized effort. Science today is far 
different from what it was in 1934 when 
the Academy was founded or in 1970, 
the year Raman died. To be sure, the 
philosophy of science and the scientific 
method have not changed, nor for that 
matter the need for quantification, 
experimentation, and the need for theory 
and experiment to go hand in hand. 
What have changed are the scale at 
which we do things today and the speed 
at which things are happening. Science 
today is almost an industry; it needs a 
whole new kind of leadership; there is 
so much of interconnectivity; many new 
fields are opening up; fields like energy 
and environment involve science, 
technology and social sciences in a 
symbiotic relationship. We need huge 
inputs as never before. ‘We need to 
create a viable scientific community’. 
Menon said, ‘unfortunately it does not 
exist now in India’. He would like the 
Academy to go beyond the scientific 
community and reach out to the people 
at large. It is no longer enough for the 
Academy to be talking to itself 
Institutions elsewhere such as the Royal 
Society in the UK and National 
Academy of Sciences in the USA have 
woken up to this reality long ago. The 
Royal Society has a Committee on 
Public Understanding of Science and 
holds Discussion Meetings at regular 
intervals. The NAS publishes many 
documents of high quality covering a 
whole range of concerns to science and 
society. Menon also touched upon the 
need to better integrate the functions of 
the three Academies, the Indian 
Academy of Sciences (Bangalore), the 
Indian National Science Academy (New 
Delhi) and the National Academy of 
Sciences of India (Allahabad). Before 
closing, he did emphasize the need to 
attract young people with the proper 


attitude to science, especially at a time 
when science in India is being relegated 
to the backburner. 

This theme of science no longer 
receiving the kind of attention and 
patronage as it did till recently, came up 
again in the presentations of S. 
Varadarajan and C. N. R. Rao. ‘While 
science is becoming far more important 
than ever before the scientist in India 
is losing his importance’, said 
Varadarajan. He would like the 
Academy to analyse ‘this dichotomy’ 
and find ways to restore the importance 
of scientists and technologists. Rao was 
agitated that science in India was 
threatened and he would like the 
Academy to play the role of a protector. 
He was sad that India’s investment in 
science had come down from more than 
1% of GDP a few years ago to 0.83% 
last year, compared to 2.5-3.0% in the 
advanced countries. He was clearly 
perturbed by the uncertain future for 
science in India and the excessive 
dependence of science on the 
government. However, he said that the 
government should continue to provide 
most of the funds for science till 
alternative sources came to be 
established. In fact, he would like 
scientists to challenge the government 
and make it raise levels of funding for 
science. However, Varadarajan would 
like the Academy to raise funds but at 
the same time retaining its indepen¬ 
dence. A sensible suggestion I thought. 

Notwithstanding such pious hopes of 
'retaining independence, the Academy 
went on to elect the Secretary to the 
Government of India in the Department 
of Science and Technology as its new 
President. And some of the past 
Presidents had also held secretary-level 
positions in the government while they 
were Presidents. Indeed, one of the 
glaring features of the scientific 
establishment in India is the inability 
(or is it unwillingness?) to distinguish 
between status and the purely scientific 
stature of scientists. A number of 
middle-level scientists are tempted to 
opt for administrative and bureaucratic 
positions as they see they are far more 
rewarding than a mere research or 
laboratory job. 

Our young scientists, Rao said, were 
uncertain not knowing where to go and 
what to do. In his perception, science 
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m-as no longer seen as a prestigious 
profession in India. Varadarajan 
pleaded for improving the quality of 
Acadernv's publications. He said they 
should be sought after and quoted by 
scientists eveiywhere. He felt that our 
methods of ’reaching a worldwide 
audience were poor. Varadarajan sug- 
uesied that the Academy do away with 
The sectional committees as science had 
become borderless. Rao would not mind 
too if the sectional committees were 
abolished. 

Rao admitted that it was becoming 
increasingly difficult for Indian 
scientists to do good experimental work 
and publish in excellent Journals. 
Visibility of Indian science, he said, was 
at a very low ebb-just like Indian 
sports. Both of them felt that healthy 
media could be an ally of science in 
India. Compared to the other two 
Academies, the Indian Academy is 
young - in terms of the average age of 
the Fellows. Rao would like it to remain 
that way. As Ramaseshan pointed out, 
to recognize potential winners, well 
before they actually produce their best 
work, should be the hallmark of an 
academy. Indeed that was what Raman 
did all the time at a success rate of 
greater than 95%, he said. Rama¬ 
seshan's priority would be 'to think and 
rethink our journals’ and make them 
reach all universities and students so 
that Indian boys and girls would be 
excited to do science at international 
levels of excellence. That, he felt, was 
more important than even making our 
journals international’. He was sorry 
that unlike Raman, Indian scientists of 
this generation, w'ere lazy when it came 
to writing down what they did. Was it 
not our duty to propagate knowledge, he 
asked. 

Satish Dhawan was distinctly 
dissatisfied with the Indian scientific 
community. He asked w^hat had the 
community done in matters of grave 


concern to the nation. Don’t we have a 
view on issues affecting the Indian 
people? Science in India could thrive 
only if India prospered, he thundered. 
What have we done about our rag¬ 
picking children? Have we expressed 
our view on the Mandal Commission 
Report? Or, do we have a view at all? In 
his view, since Independence science 
has been getting tremendous support, 
perhaps even illegitimate support that 
was not earned. Inaction is our worst 
enemy, he said. His priorities are to take 
a long term view of history, to act and 
do things in a way that would make us 
be proud and live a civilized life in a 
free India. 

T. S. Sadasivan, the octagenerian 
botanist, was concerned about the 
decline in standards of education, the 
mushrooming of correspondence cour¬ 
ses and the poor quality of teachers. He 
suggested that the Academy should 
bring out books like the Nuffield 
Foundation books and the Colorado 
series. Unless basic science teaching at 
the school level is strong, one cannot 
expect the superstructure to be strong. 
He suggested that the Academy should 
bring out a set of books on the history 
of twentieth century science, which 
could serve as a springboard on which 
school science education in this country 
could rest. He would be happy to know 
that C. N. R. Rao has assembled a team 
of chemists to write a book - not a 
textbook - calculated to excite the 
imagination of our school children. 

Obaid Siddiqi, who spoke the least, 
drew attention to the fact that the same 
problems keep cropping up again and 
again. 1 thought he meant that the 
Academy should go beyond mere 
discussion and act. Action needs 
committed people. That was what 
Roddam Narasimha, the outgoing 
President, asked for when he suggested 
that Fellows should volunteer to work 
for the goals of the Academy collecti¬ 


vely and individually. The strength of 
the Academy is after all dependent on 
the commitment of the Fellows and the 
resources available-probably more on 
the commitment than on the resources, I 
think. 

One of the tasks the Academy had 
initiated in its Diamond Jubilee year 
was to look at the quality of education 
and examine ways to improve it. A 
panel with N. Mukunda of the Indian 
Institute of Science as chairman had 
prepared a position paper and the paper 
was circulated to the Fellowship. While 
one is happy to know that the Academy 
is taking serious interest in issues such 
as the quality of education, one also 
wonders what action it is taking in areas 
of its core interest such as improving 
the quality of research, improving the 
quality of peer review and publications, 
and attracting more scientists, young 
and not so young, to its own meetings. 
When the President, Narasimha, called 
out names of the Fellows for their 
customary introduction to the audience 
many Fellows from Bangalore had not 
turned up, and my neighbour, a newly 
elected Fellow, I guess, was more than 
surprised. For that matter when some 
newly elected Fellows and Young 
Associates presented some good work in 
biology and organic chemistry at the 
Faculty Hall of the Indian Institute of 
Science, the speakers would have liked 
to see a few more senior biologists and 
chemists in the audience. 

A senior scientist, who is a Fellow of 
all the three Academies, told me that 
India would be much better off if each 
one (individual and organization alike) 
did his (its) job well. I thought he was a 
bit harsh, but on reflection I think that 
he had a point after all. 


Subbiah Arunachalam, Central 
Electrochemical Research Institute, 
Karaikudi 


Career of women scientists 


A panel discussion on identifying 
Obstacles to Successful Careers for 
Women Scientists’ took place at the 
I6ih International Congress of Bio¬ 
chemistry and Molecular Biology, held 
in New Delhi, India, Sept. 19-22, 1994. 
It was sponsored by the American 


Society for Biochemistry and Molecular 
Biology (ASBMB) and the Committee 
on Equal Opportunities for Women 
(CEOW). This was the third successive 
panel discussion in the International 
Congresses of the Union of Bio¬ 
chemistry', focusing on specific issues 


encountered by women. The panelists 
included Drs Donna J. Arndt-Jovin, 
Max-Planck Institut, Gottingen, 
Germany, Angela M. Gronenborn, 
National Institutes of Health, Bethesda, 
USA, Manju Sharma, Department of 
Biotechnology, New Delhi, India, 
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Shobhona Sharma, Tata Institute of 
Fundamental Research, Bombay, India, 
and Marietta Lee, University of Miami 
School of Medicine, Miami, USA. Dr 
M. S. Shaila, Institute of Science, 
Bangalore, India, was the moderator of 
this discussion. 

The main objective of these 
discussions has been to give women 
scientists from all over the world an 
opportunity to consider some of the 
important issues that women scientists 
may encounter. By a comparison on the 
international level, through participation 
of panelists from different parts of the 
world, it is hoped that some enlighten¬ 
ment may be achieved for both the male 
and the female audience. In this year’s 
discussion each panelist spoke for about 
fifteen minutes, and this was followed 
by a discussion with the participation of 
all the audience. It was generally agreed 
that the representation of women at the 
top level is indeed very low all over the 
world, and that social and cultural 
values were the major basis of this 
problem. 

Dr Donna Arndt-Jovin was the first to 
speak in the discussion, and she 
projected the perspective from a German 
Research Institute. She noted that in 
Germany the number of women in 
positions of authority, viz-a-viz leaders 
of research groups, departments or 
institutes, is pitifully small in com¬ 
parison to other northern-European 
countries such as France, Denmark or 
The Netherlands. This happens despite 
the fact that the number of women able 
to initiate a career in science (i.e. the 
number who finish high school with a 
college preparatory education) is very 
large in Germany. She remarked that 
this number is well above the norm for 
the rest of Europe if one looks at the 
statistics for the number of girls 
graduating from gymnasium, entering 
university and finishing one or two 
degrees in the natural sciences. She 
attributed this drop in numbers to the 
structure of the educational system 
which makes combining family and 
career almost impossible for the 
university student or non-established 
(low-income) scientist. The attachment 
of society to a school structure which 
depends on parental supervision and 
help with instruction for grammar 
school and middle-school children is 
historically grounded and is changing 
very slowly, even back-tracking, with 
the economic recession of the last 
several years. This is especially true in 


the eastern part of Germany. According 
to Dr Arndt-Jovin, much of the problem 
lay with the enormous power and 
authority given to a handful of Full 
Professors, all of whom at present are 
males, and therefore do not appreciate 
or even try to understand the 
cultural/social problems of women 
scientists. Based on the present-day 
situation, Dr Arndt-Jovin voted for the 
imposition of a quota for women 
scientists, starting from the middle-level 
positions, to ensure that there are 
qualified women available to compete 
for the higher-level positions in the 
future. She concluded by saying that it 
was essential that the few women 
scientists in Germany who now have 
upper-level positions in academia and 
research should make their male 
colleagues more aware of their problems 
for advancement and help them to 
devise concrete ways of changing the 
present policy. 

Dr Angela Gronenborn, who was 
brought up in Germany but is now 
settled in NIH, USA, agreed that the 
statistics for the dropouts amongst 
women at the higher level in Germany 
were real, just as real as in any other 
part of the world. According to her, the 
low number of women scientists at top 
levels now merely reflects on fewer 
women opting for science as a career 
two decades bacL She stressed that at 
present there appears to be no difference 
between the male and the female 
scientists in USA. To illustrate this, she 
showed some statistics regarding NIH 
funding and pointed out that there was 
no difference in the percentage number 
of proposals funded for men and women 
over the past several years. However, Dr 
Gronenborn did notice a remarkable 
difference between the two sexes. 
Women, on an average, asked for much 
less funds from NIH than men! There 
was some discussion on this point and it 
was hoped that women will throw away 
caution and be just as aggressive in their 
demands as men in the near future. 

Dr Manju Sharma represented more 
or less the Government of India 
viewpoint, especially so regarding the 
upliftment of women in general in this 
country, including that of rural women. 
She spoke about the consideration of 
several facilities to make it more 
feasible for women scientists to pursue 
their career. These included possibilities 
of mid-career breaks being allowed for 
bearing and raising children for women 
scientists, and child-care facilities. She 


was quite concerned about the fact that 
the rules for selection and promotion of 
women scientists were at par with those 
for men and perhaps should be relaxed 
as women do have to take care of 
household responsibilities, including 
child-bearing. Since women represent 
half the world’s population, their 
contributions cannot be ignored, she 
noted. 

The author pointed out that there has 
been no evidence to indicate any 
difference between the scientific 
capabilities of men and women, and that 
the obstacles faced by women towards a 
successful scientific career are totally 
social and behavioural. The primary 
problem lay in the values and attitude of 
women, which are heavily influenced by 
society, especially during the formative 
years. She summarized the obstacles as: 
(1) social upbringing; (2) career 
expectations; and (3) social expecta¬ 
tions. Elaborating on these, she said that 
in India the treatment meted out to girls 
and boys is quite different both at 
school and at home, often quite 
unconsciously. Girls were physically 
confined and protected, rather than 
allowed to face the world as it is, which 
results in a general lack of confidence 
and a lack of aggressive behaviour, both 
of which are very essential for any 
successful profession today. She pointed 
out that in the Indian society the sole 
career expected for a female child is a 
suitable marriage. Despite the 
successful and often excellent perfor¬ 
mance of female students in school and 
college examinations, parents of this 
generation still consider the career 
preferences of daughters subsidiary to 
marriage. Therefore, to live in such a 
society, and yet be a career woman, one 
has to fight the society all the time. 
Finally, the author noted that all 
household responsibilities are solely for 
the women, whether working or not. 
This is what causes the large difference 
between the number of men and women 
professionals. These include, amongst 
other regular chores, taking care of 
children - all their physical needs 
throughout prenatal, postnatal, infancy 
and through school and perhaps even 
college - as also taking care of elders 
and aged in the family. 

Dr Sharma said that at present a 
working woman is accepted in India 
mainly because of the extra income. But 
professional work that may ‘neglect’ the 
household is unacceptable, especially so 
when it comes to taking care of children 
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and the aged. Most Indian males do 
little to help in the household work. 
Many develop a cultivated incom¬ 
petence for all household work, and 
society ridicules the males who try to 
share the .household chores. Regarding 
the promotion and job policies, there are 
no distinctions between men and women 
scientists of India. In practice, however, 
women suffer because their problems 
are considered to be personal problems, 
and not those of the society. The 
handful of women scientists who do 
excel in such settings are usually those 
who possess the courage to rebel against 
the set traditions and conform those 
around them as well. 

She summarized by saying that in 
India the attitudes are changing towards 
a professional career. The present-day 
teenaged girls are much more confident, 
much surer of their priorities. In many 
households, at least the concept of 
working woman and therefore sharing 
home responsibilities is being accepted. 
India has the advantage of a com¬ 
paratively stable family and social life, 
and women should make the most of it. 
It is up to the women to question every 
tradition, to make sure that the next 


generation learns to question the same 
and learns to share all responsibilities 
equally. 

Dr Lee started by saying that she was 
an oriental settled in USA, and therefore 
experienced a mixed sense of liberation 
in her life. On the one hand, she had 
parents staying with her, which helped 
her enormously during the early stages 
of childbearing. But that had its own 
traditional constraints; for example, she 
had to devote quite a lot of her own 
time for the family. She did not quite 
agree with Dr Gronenborn regarding the 
achievement of equality of both sexes in 
science in USA. Dr Lee specifically 
mentioned that in Medical Schools there 
was possibly an active discrimination 
against women, and that women had to 
perform much better that men for 
achieving the same status. 

The panel discussion was attended by 
about one hundred and fifty odd people, 
90% of whom were women. The general 
discussion was fairly animated. 
Amongst potential policy makers. Prof 
Balasubramanian, the Director of Centre 
of Cellular and Molecular Biology 
(CCMB), India, remarked that every 
Research Organization should provide 


child-care facility, and that CCMB 
already did provide one. He also 
expressed the opinion that women 
scientists’ cases should be reviewed 
with more flexibility for promotion, 
working hours, etc. Dr S. Brahmachari, 
Indian Institute of Science, Bangalore, 
however, commented that the scientific 
capabilities of men and women were 
different and that only a few women 
scientists were motivated enough to 

achieve outstanding results. Most 
women in the audience admitted to 

being suppressed in one form or 
another, and were of the opinion that it 
took much more than normal for a 
woman to succeed in this profession. It 
was pointed out at the end of the 
discussion, by a woman in the audience, 
that despite the large number of women 
present in the audience, the partici¬ 

pation was still dominated by men! Dr 
Shaila summarized that things are 

changing for the better, and that women 
must assert themselves more to excel in 
the existing set of norms laid out for 
scientists. 


Shobhona Sharma, Tata Institute of 
Fundamental Research, Bombay 400 005. 


Mahabaleshwar Seminar on molecular biology of plant 
viruses* 


The 1993-Mahabaleshwar Seminar 
entitled ‘Biology of Plant Viruses’ was 
organized by H. S. Savithri (IISc) and 
M. M. Johri (TIFR) at Whitefield from 
November 29 to December 3, 1993. 
These seminars in selected areas on the 
frontiers of Modern Biology are 
organized annually, by the Tata Institute 
of Fundamental Research and the Indian 
Institute of Science. Since inception in 
1975, the Mahabaleshwar Seminars 
have been held with minimal formalism 
and elegant simplicity. The selection of 
a venue where all participants could 


*We are thankful to Drs. A. Varma, D. V. R. 
Reddy and B. P. Singh for many helpful 
suggestions about this write-up. The 
Convenors of the seminar would also like to 
gratefully acknowledge generous financial 
assistance provided by the Council of 
Scientific & Industrial Research, New Delhi 
and by the Department of Biotechnology, 
New Delhi. 


stay together, away from big cities, is 
equally important and in this respect, 
the placid environment at Whitefield 
turned out to be the right choice. At the 
1993-Seminar the current status and 
problems of virus research in our 
country were discussed. 

Highlights of virus research 

The seminar began with a lecture by 
H. S. Savithri on the architecture, 
genome organization and replication in 
tymoviruses. Virion in these simple 
viruses consists of a single molecule of 
sense mRNA encapsidated in a protein 
shell made of 180 protein subunits. The 
stability of the capsid in Physalis mottle 
tymovirus is conferred by inter-subunit 
interactions and polyamines. In the 
absence of high resolution X-ray 
structure, the architecture of the virus 
can be probed by UV cross-linking and 


by use of monoclonal antibodies; these 
studies show that the weak RNA- 
protein interactions are mediated via 
Lys-lO. For the expression of their 
genome, tymoviruses employ common 
strategies, such as use of proteolytic 
processing, overlapping reading frames 
and production of subgenomic RNA. 
M. R. N. Murthy described the physical 
principles underlying the construction 
of viral capsids and the methods used to 
study it. The structure of Sesbania 
mosaic virus has been determined at 
2.9 A resolution by X-ray diffraction. 
He also illustrated how the structure 
determination leads to insights into 
assembly and to design of inhibitors that 
block the disassembly process. These 
lectures were followed by a discussion 
on various aspects of architecture and 
assembly of viruses. 

H. O. Agrawal (H. P. University, 
Shimla) reviewed the biology of 
bipartite viruses which have split 
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genomes and the two RNA species are 
encapsidated individually. Simultaneous 
entry and multiplication of viral RNAs 
are prerequisites for the development of 
infection. M. V. Nayudu (SV Univer¬ 
sity, Tirupati) highlighted the usefulness 
of studying mutations to understand the 
host-virus interactions. Such an analy¬ 
sis shows that the manifestation of the 
disease symptoms in host is a complex 
process and unlikely to be regulated by 
a unique step. 

O. P. Sehgal (University of Missouri, 
Columbia, USA) described the pheno¬ 
menon of the decline of infectivity as 
virions ‘age’ in vivo in case of bean pod 
mottle virus (a bipartite virus). A 
preferential degradation of one of the 
encapsidated RNAs seems largely 
responsible for this decline. Under¬ 
standing the role of plant defence 
molecules, especially those of 
pathogenesis related proteins (PRPs), 
during early phase of infection is 
attracting a lot of attention. Studies in 
SehgaPs group show that the 
concentration of PRPs is 30-50 times 
higher in the necrotic tissue than in 
healthy tissue. The appearance and/or 
accumulation of virion usually precedes 
the synthesis of PRPs. Studies on the 
temporal and spatial distribution of 
PRPs do not support the idea that these 
proteins restrict viral movement in the 
host. The role of PRPs remains to be 
understood as yet and in transgenic 
plants, their expression does not confer 
resistance to viral infection. 

Geminiviruses are a group of viruses 
that possess twin icosahedral virions 
and a single-stranded DNA genome. 
These viruses affect a large number of 
economically important plants through¬ 
out India and are therefore of enormous 
importance. A major problem is the 
correct identification of these viruses 
and at present the molecular probes 
based on the genomic components seem 
to offer the only approach. The 
molecular biology of geminiviruses is 
the major focus of research investi¬ 
gations at several institutions such as 
lARI, New Delhi (A. Varma and V. G. 
Malathi); NBRI, Lucknow (B. P. Singh 
and K. M. Srivastava); and the 
University of Agricultural Sciences, 
Bangalore (V. Muniyappa). Various 
aspects of isolation, characterization, 
identification and virus—vector inter¬ 
actions as well as breeding for 
resistance were discussed in detail by V. 
Muniyappa. The need for further 
research for evolving suitable methods 


for detection and typing of the 
geminiviruses of our country was evident 
from the discussion that followed. V. G. 
Malathi discussed genome organization of 
whitefly transmitted geminiviruses. A 
highly conserved coat protein gene (in 
DNA-A) can be used to identify the 
whitefly transmitted geminiviruses. 
Specific probes either based on common 
region or DNA-B can be used for 
characterizing specific isolates. Several 
strains of mungbean yellow mosaic 
geminivirus (MYMV) have been found 
to be associated with the yellow mosaic 
disease of mungbean and blackgram. 
Infectivity of a full length clone of 
blackgram isolate of MYMV has been 
confirmed by agroinoculation into 
blackgram and successful trans¬ 
mission of progeny virus by whiteflies. 
The genomic sequence of this virus also 
is nearly complete. At NBRI, efforts are 
being made to develop nucleic acid 
probes for detection and identification 
of geminiviruses and to generate 
transgenic plants resistant to tomato 
yellow leaf curl and cucumber mosaic 
viruses. The genome sequence of the 
former geminivirus is also nearly 
complete. It would be interesting to 
compare the two genome sequences 
determined in the country in order to 
understand host-vector specificities. 

K. Veluthambi (MKU, Madurai) 
discussed the role of various DNA 
sequences in the viral genome that are 
important for host and vector 
specificity. A difference of 4 bases 
leading to changes in 3 amino acids in 
the C-terminal portion of the Cl protein 
led to changes in the development of 
symptoms between two isolates of 
tomato golden mosaic geminivirus. R. 
Pacha (St. Xavier’s College, Bombay) 
gave an overview of genome 
organization in tripartite viruses. The 
use of infectious in vitro transcripts 
from cDNA clones in delineating cis- 
acting RNA replication signals and host 
specificity was illustrated taking the 
examples of cowpea chlorotic mottle 
virus and brome grass mosaic virus. 

D. V. R. Reddy (ICRISAT, Hydera¬ 
bad) reviewed the genome organization 
of furoviruses which are transmitted by 
fungi and cause diseases in many 
economically important plants. He also 
gave an account on the current research 
on Indian peanut clump virus, a 
furovirus. With recent advances in our 
understanding of the molecular biology 
of many plant viruses, it has now been 
possible to develop resistance to plant 


virus diseases utilizing viral sequences. 
This topic was discussed by R. A. Naidu. 
This was followed by a discussion on the 
different strategies to control plant virus 
diseases relevant to our country and the 
merits of each technique. 

Usha Ramakrishnan (MKU, Madurai) 
demonstrated how information from 
structural crystallography of viruses 
could be used to express animal virus 
epitopes on plant viral coat proteins in 
her talk on plant viruses as expression 
systems for foot and mouth disease 
virus epitopes. This type of work 
involves intimate know ledge of 
structure, molecular biology and 
immunology. P. Sreenivasulu (SV 
University, Tirupati) reviewed the work 
on caulimoviruses - an important group 
of plant viruses with double-stranded 
DNA as their genome. The peanut 
chlorotic leaf streak caulimovirus has 
been found to infect groundnut in 
Rayalseema area of Andhra Pradesh and 
it can be detected using DNA probes. 

Many viruses are known to infect 
sorghum under natural conditions. V. R. 
Mali (Parbhani) discussed their 
symptoms, detection methods and the 
management practices being followed in 
India. These viruses can be detected and 
classified using rather simple methods 
without having to resort to molecular 
techniques. Potyviruses are one of the 
largest group of plant viruses that infect 
a number of plant species in India. 
K. M. Srivastava discussed the genome 
organization, diagnostics and the 
biology of this group of viruses and the 
efforts that are being made for 
characterization, diagnosis and manage¬ 
ment of plant viruses at NBRI. B. P. 
Singh reviewed the mechanisms 
involved in host-virus interactions and 
gave an overview of the genes that have 
been characterized from resistant 
varieties. It was clear that the develop¬ 
ment of virus resistance through 
conventional breeding continues to be a 
promising strategy. At the same time, 
the genes responsible for resistance also 
need to be characterized so that they 
could be used in future. It is necessary 
to characterize the gene responsible for 
resistance for future insertion into 
sensitive varieties. 

Problems of plant virus 
research in India 

The problems of working in the field of 
plant virology in India were discussed at 
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length. Between 20 and 25 institutions 
(universities, state agricultural univer¬ 
sities and ICAR’s commodity institutes) 
seem to be involved currently in virus 
research. Except for a few academically 
viable groups in virology (for example 
those at lARI, CPRI, NBRI, ICRISAT, 
IISc, BCKVV, UAS, Lucknow 
University and SV University), trained 
persons and facilities are lacking at 
other institutions. At several institu¬ 
tions, the work on the isolation and 
characterization of viruses has just 
begun and their services (or output) and 
accomplishments could be vastly 
improved if funds are provided to 
employ one or two well-trained per¬ 
sonnel and upgrade the facilities. The 
administrators develop interest in 
viruses only at the time of crisis, when 
there is massive crop failure due to viral 
infection. Based on the response from 
participants, the following additional 
points emerged: 

Virology as a multidisciplinary 
discipline 

As the ideas, approaches and techniques 
of molecular biology have been 
incorporated in all the disciplines of 
modern biology, including virology, a 
close interaction between classical viro¬ 
logy, biochemistry and(or) molecular 
biology has become inevitable. In some 
cases complimentary interests at inter- 
institutional level are also desirable. At 
the majority of the Institutions inter¬ 
disciplinary interactions have not yet 
emerged. Good work is being done by a 
few research groups independently but 
the results are not commensurate with 
the talents, resources and potential 
available in the country as most of the 
groups are sub-critical. Due to lack of 
Institutions with comparable standards, 
the mobility of individual scientists in 
our country is very limited. We feel that 
unless a few multidisciplinary groups 
are rapidly organized, it will be virtually 
impossible to compete with the best and 
leading groups in the world. The lack of 
mobility among scientists is something 
unique to Indian science and appears to 
be common in all faculties including 
physical and biological sciences. 

Education and training in virology 

At present virology is offered as a 
separate subject at the post-graduate 


level by the Indian Agricultural 
Research Institute, some of the State 
Agricultural Universities and traditional 
Universities. There is a need to have a 
fresh look at the syllabi of various 
Universities. As modern plant virology 
can offer many exciting opportunities, a 
greater emphasis on molecular virology 
is needed and the syllabi need to be 
modified accordingly. Besides improve¬ 
ment in teaching, refresher courses and 
workshops in basic virology and 
laboratory techniques also need to be 
organized more frequently for training 
the persons who wish to alter their 
research emphasis by incorporating 
some of the modern techniques. 

Type culture collection and 
database in virology 

There is an urgent need to develop a 
National Type Culture Collection for 
plant viruses so that authentic cultures 
of viruses are made available to various 
workers. At present no organized 
facility of this sort exists in the country. 
We suspect immense biodiversity 
among viruses in our country and some 
of them could be useful for developing 
new vectors for genetic engineering, 
besides fundamental studies. Access to 
the information about indigenous 
viruses or to the broad areas of virology 
research in different labs in our country 
is rather limited. A strong need for a 
centralized source providing this 
information has been felt for many 
years. A database on viruses had been 
envisaged at Palampur but most of the 
investigators did not know about it or 
the type of services rendered by it. A 
need was strongly felt to have another 
database with easy accessibility and 
visibility. 

Supplemental financial support 

Except for the few Institutions, the 
availability of funds in most places is 
insufficient or even subcritical to 
sustain the existing research and to 
provide any services to end users. 
Several groups have successfully 
prepared polyclonal antisera against 
some of the viruses, but due to lack of 
funds, find it difficult to produce the 
antisera in bulk and make it available to 
other investigators. The funding 
agencies should consider providing 
supplemental funds to such groups to 


facilitate antisera production on a large 
scale for distribution to end users. 

Need for service oriented 
regional centres 

As the demand for antisera increases 
(e.g., for virus indexing by Hybrid Seed 
and Plant Tissue Culture or 
Biotechnology Companies or Plant 
Introduction and Quarantine Depart¬ 
ments), the Type Culture Collection 
should have a few separate Regional 
Centres. Such Centres could undertake, 
on a limited scale, work on the isolation 
and characterization of locally- 
important viruses and produce antisera 
and probes for the detection of viruses. 
These Centres need not have a large 
infrastructure of manpower and 
financial outlay but should have a clear 
and well-defined mandate (such as 
identification of economically important 
viruses of particular groups) and also be 
provided seed money for a period of ten 
years. By then the Centres should have 
diversified their services to a point that 
they could generate enough resources of 
their own (e.g., by providing the user- 
oriented services and undertaking 
contractual research). The notion of end 
users supporting the services needed by 
them, must be incorporated or built-in 
right from the beginning. Additionally, 
progress made at these centres must be 
reviewed periodically and continuation 
of funding should depend on the 
progress achieved. 

Career prospects and 
opportunities 

Despite a vast diversity of viruses in our 
country, the job opportunities and the 
availability of trained persons with 
proven track record are rather limited at 
present. The two are related and 
hopefully, in a few years as plant 
virology acquires more important and 
flourishing stature, the career opport¬ 
unities for trained virologists should 
also improve. The unwillingness of 
some of the trained persons to move to 
another city is yet another social- 
dimension of this problem. 

Finally, it must be realised that on the 
international front with increasing 
restrictions on the exchange of bio¬ 
logical materials and also limited or no 
access of nucleic acid sequences (due to 
Intellectual Property Rights), there is no 
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alternative but to develop our own 
expertise in the field of plant virology. 
Time is really ripe and what is needed 
is a strong leadership to provide much 
needed dynamism to transform the 
concern into action. At present, the 
major research emphasis in plant 
virology continues to be on the 
characterization of genome and proteins 
mainly because of the widespread usage 
of techniques that make the handling of 
these macromolecules far more 
amenable than the host genes. As the 
expression of viral infection involves an 


interaction between the host and viral 
genes, it is only in the last few years 
that with the incorporation of 
techniques like RFLP and RAPDS in 
combination with mendelian genetics, 
that it is becoming possible to isolate a 
few of the host genes that play a role in 
viral infection. A study of these genes 
undoubtedly offers yet another viable 
strategy to produce virus resistant 
plants. 

Ample opportunities, particularly in 
terms of adequate funds and rapid 
communication with international labs, 


need to be provided to our scientists in 
India to take advantage of rapid 
developments in the field of plant 
virology. A rapid flow of data and 
knowledge coupled with a -global 
network are immediately needed and the 
tempo of decision making and imple¬ 
mentation should be speeded up. 


H. S. Savithri, Indian Institute of 
Science, Bangalore and M. M. Johri, 
Tata Institute of Fundamental Research, 
Bombay. 


COMMENTARY 

Central Research University for Science and Technology 
(CRUST) - A proposal 

T. R. Anantharaman 


Indian Science is today at cross-roads. 
The scientists have begun to feel that 
they are not getting enough support, 
encouragement and recognition from 
Government and Industry. There is at 
the same time a growing feeling in some 
government circles and also industrial 
organizations that scientists have not 
been able to deliver the goods despite 
all possible encouragement and support 
since India’s Independence in 1947, 
particularly from India’s first Prime 
Minister, Pandit Jawaharlal Mehru, 
during 1947-1964. According to 
articles appearing in the media in the 
recent past, Indian Science has had very 
little success so far in developing 
indigenous technology and transferring 
the same to industry profitably. Further, 
since Independence, Indian Science has 
not been able to throw towering 
personalities like Ramanujan, Raman, 
Bose, Saha and Sahni as it did during 
the more difficult and less prosperous 
preindependence days. Except in a few 
areas here and there, Indian Science has 
also not been able to make any 
significant impact on the global scene. 
There have been complaints against 
many senior scientists that they are 
more inclined to pursue power than to 
seek Truth with devotion and 
dedication. 

There are obviously many reasons 
that have gradually led to the dismal 


scenario of today as described above. 
One of them has been the low morale 
and inadequate motivation among young 
scientists and technologists entering the 
fascinating world of scientific research. 
Their expectations with regard to 
emoluments, working conditions, library 
facilities, supervisory guidance, board¬ 
ing and lodging arrangements etc. are 
rarely fulfilled and they tend to become 
disappointed, cynical and frustrated in 
no time. The pursuit of Excellence in 
Scientific Research has thereby been 
adversely affected, causing already 
incalculable damage to the growth of 
healthy traditions in our Universities 
and Research Institutions like those of 
Council of Scientific and Industrial 
Research (CSIR), Defence Research and 
Development Organization (DRDO), 
Department of Science and Technology 
(DST), Indian Council of Agricultural 
Research (ICAR), Indian Council of 
Medical Research (ICMR) and the 
Departments of Atomic Energy and 
Space (DAE and DOS). 

The present proposal is concerned 
with the many, many hundreds of our 
bright young scientists and techno¬ 
logists who are associated with well 
over one hundred well-equipped R&D 
Establishments, have started their 
research careers and wish to do their 
Ph D as quickly as possible. Most of 
them face different types of registration 


problems and have often to get affiliated 
to distant and not so well-known 
universities with outdated, stringent and 
meaningless procedures, made even 
more trying by the callous attitude of 
bureaucrats and petty officials in their 
Academic Sections. Registration can be 
done only TWICE in the year, say 
February and August, in most 
Universities. External Registra¬ 
tion IS generally frowned upon and 
definitely discouraged by difficult and 
often almost impossible course or 
residence requirements, apart from the 
need for the so-called ‘local’ super¬ 
visor. The supervisors in the R&D units, 
often more qualified and better 
recognized professionally than the 
academics in Universities, are made to 
feel inferior to the local guides since 
they are not designated as Professors 
and have to depend heavily on the latter 
for the smooth progress in research of 
their wards. 

Taking all the above facts into 
account, it is now proposed that the 
Union Ministry of Human Resource 
Development (HRD), in consultation 
with the University Grants Commission 
(UGC) and other concerned Depart¬ 
ments/Agencies, may establish through 
an Act of Parliament an Institution of 
National Importance to be called 
‘Central Research University for 
Science and Technology (CRUST)’ and 
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to function as a pace-setting institution 
for promoting excellence in Scientific 
and Technological Research. The HRD 
Ministry will naturally finance the 
establishment of CRUST, but its 
running/recurring expenses can easily 
be raised through registration, course 
and examination fees. 

Located at New Delhi and working 
closely with the University Grants 
Commission and the Indian National 
Science Academy, CRUST may be 
administered by a Board of Governors 
with the following illustrative list of 
members: - Vice Chancellor, CRUST 
{Chairman); Nominee of President, 
INSA; Nominee of President, INAE; 
Nominee of Chairman, UGC; Nominee 
of Chairman, AICTE; Nominee of 
Director-General, CSIR; Nominee 
of Director-General, ICAR; Nominee of 
Director-General, ICMR; Nominee 
of Director-General, DRDO; Nominee 
of Department of Science & Technology 
(DST); Nominee of Department of Atomic 
Energy (DAE); Nominee of Department of 
Space (DOS); Nominee of Finance Mini- 
stty; Pro-Vice-Chancellor, CRUST; Regi¬ 
strar, CRUST (Non-Member Secretary). 

The Research Council of CRUST 
will be made up of distinguished 
scientists and technologists represent¬ 
ing different subjects including those 
nominated by the Board of Governors as 
Chairmen of the corresponding Subject 
Committees for three-year periods as in 
the following illustrative list of 
members:-(1) Vice-Chancellor, CRUST 
(Chairman); (2) Pro-Vice-Chancellor, 
CRUST (Vice-Chairman); (3) Chairman, 
Committee on Physical Sciences; (4) 
Chairman, Committee on Chemical 
Sciences; (5) Chairman, Committee on 
Mathematical Sciences; (6) Chairman, 
Committee on Earth Sciences; (7) 
Chairman, Committee on Plant 
Sciences; (8) Chairman, Committee on 
Animal Sciences; (9) Chairman, 
Committee on Bio-Sciences & Techno¬ 


logy; (10) Chairman, Committee on 
Agricultural Sciences & Technology; 
(11) Chairman, Committee on Medical 
Sciences & Technology; (12) Chairman, 
Committee on Constructional Engineer¬ 
ing & Technology; (13) Chairman, 
Committee on Mechanical Engineering 
& Technology; (14) Chairman, Com¬ 
mittee on Electrical Engineering & 
Technology; (15) Chairman, Committee 
on Chemical Engineering & Tech¬ 
nology; (16) Chairman, Committee on 
Materials Engineering & Technology; 
(17-20) Four experts nominated by the 
Board of Governors from among 
Directors of National Level Labo¬ 
ratories; (21) Registrar, CRUST (Non- 
Member Secretary). 

The Subject Committees may each 
have not less than five and not more 
than nine members, including the 
Chairmen, all to be nominated for three- 
year periods by a Nominating Com¬ 
mittee made up of Vice-Chancellor, 
CRUST, as Chairman & Convener and 
with the Pro-Vice-Chanceilor, CRUST 
and Chairman of the concerned Subject 
Committee as Members. 

While framing CRUST’s Act/ 
Statutes/Rules/Regulations so as to 
maintain the highest standards in 
research, the following points may be 
kept in view: 

1. Registration for PhD of CRUST 
should be easy and possible any time of 
the year on payment of the concerned 
fees and fulfillment of necessary pre¬ 
requisites. 

2. Any Scientist/Technologist asso¬ 
ciated with the Board of Governors/ 
Subject Committee of CRUST should 
hold the Ph D or equivalent degree of 
a recognised University and also be a 
Fellow of one of the Indian Science/ 
Engineenng/Medical Academies. Such a 
person may well be a retired Professor 
or Scientist, eminent in his field and 
still active in research. 


3. Only Ph D degree holders with 
sufficient research experience shall be 
recognised as Ph D supervisors from 
R&D Establishments and these may be 
conferred ADJUNCT FACULTY POSI¬ 
TIONS in CRUST on a contract basis 
with nominal honorarium, provided 
he or she has guided at least one 
Research Student/Fellow for the Ph D of 
CRUST. 

4. CRUST shall ensure that certain 
minimum standards are maintained by 
concerned R&D Establishments as 
regards emoluments, living and working 
conditions, laboratory, library and 
computer facilities etc. for the Ph D 
registrants. 

5. Quick, efficient and courteous with 
all concerned in its dealings, CRUST 
shall ensure monitoring of progress in 
research and examinations of Ph D 
theses without undue delay and due 
understanding of the human angle in the 
whole process. 

6. Based on examiners’ reports, Ph D 
theses of exceptional quality should be 
rewarded. 

In conclusion, it needs to be stressed 
that this proposal has nothing to do with 
the numerous existing degree-conferr¬ 
ing institutions of our country viz., 
Universities, Deemed Universities and 
Institutions of National Importance. Its 
main thrust is towards assistance and 
guidance to hundreds of young Indian 
scientists and technologists who are 
eager to work for their Doctorate 
degrees, but find many hurdles in their 
way to the goal because of their 
association with non-degree conferring 
R&D Institutions, Laboratories or 
Centres. 


T. R. Anantharaman is in the National 
Physical Laboratory, New Delhi 
110 012, India. 


Science communication - A proposal for action 


D. Balasubramanian 

Pandit Jawaharlal Nehru had a keen 
appreciation of science and its role in 
nation building; amongst those who 
have led free India he had it in the 
greatest measure, he upheld it and lived 

30 


by it. It is indeed paradoxical that a 
generation later, when we apply science, 
technology, agriculture and medicine in 
Indian life more than ever before, those 
subjects are treated with benign 


(occasionally not so benign) neglect by 
the media, the legislators and the 
government. The science magazines 
Science Today and Vigyan have folded. 
No news magazine of repute, be it in 
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English or in Indian languages, covers 
any science at all excepting scandals 
and squabbles involving scientists. 
Among the national newspapers, the 
Science Express supplement has been 
discontinued, and it is the Wednesday 
S&T Supplement of The Hindu that 
carries on, gratifyingly, as the lone 
sentinel. The daily from Hyderabad, 
Newstime, carries a weekly science page 
as does The Pioneer from Delhi, and it 
is possible that there are a few others 
elsewhere that I am not aware of. True 
enough, there are the science TV 
programmes of the UGC/EMRC and 
'Turning Point’ of Doordarshan, but 
these suffer for want of sponsors; with 
the introduction of cable TV we can 
watch the infrequent science show from 
BBC TV (e.g. ‘The Mavervicks’), but 
here too, an occasional jarring note is 
struck by giving equal time to Rupert 
Sheldrake (who says we all live in a 
morphogenetic field), and Benveniste 
(who reported that homeopathy operates 
through molecular imprinting in water) 
as to Linus Pauling. 

What we need is proper, regular, 
frequent, informed and discerning 
communication of science. And the need 
is even more acute now in the era 
of receding governmental investment in 
S&T where we need to convince pri¬ 
vate industry and corporations of 
the importance of investing in research 
and development in science and 
technology. It is necessary to convince 
people at large that long term 
investment in education and research is 
vital for material welfare and national 
ethos. It is important for the legislator 


to be able to appreciate why one needs 
to study, say, the mating behaviour of 
fish, and what its relevance is so that he 
does not turn into another Senator 
Proxmire of the derisive ‘golden fleece 
aware’ fame. 

Who would do it if not us scientists 
and who can do it better than a 
practising scientist? ‘Scientists are 
members of society, and the fruits of 
their work underpin and shape it. 
Society requires and deserves that we 
enter into dialogue with it; communi¬ 
cating our science is as important as 
creating it.’ The above quote is from 
Professor Peter Day, Director, The 
Royal Institution, London, UK, who 
delivered the Ninth Blackett Memorial 
Lecture of the Indian National Science 
Academy on 10 January 1994 (see 
Current Science, 1994, 67, 434-440). In 
an engaging lecture, Day traces the 
origin of the Royal Institution, its 
charter as elaborated by its founder 
(Count Rumford: ‘diffusing the know¬ 
ledge ... of... inventions ... by lectures 
and experiments the applications of 
science to the common purposes of 
life’), the public lectures from the days 
of Humphry Davy (so popular that the 
street was blocked by carriages and one 
way traffic had to be declared, which 
continues to this day), his ‘discovery’, 
namely the bookbinder apprentice 
Michael Faraday (who became a 
scientist, thanks to those public lectures of 
Davy), Tyndall, Rayleigh, Rutherford, 
Bragg, Zeeman, Linus Pauling, Lord 
Porter and Richard Dawkins. 

The role of the Royal Institution 
through its science communication has 


been unique and exemplary (one 
wonders what Faraday might have 
become, but for it). As Day concludes: 
‘ ... science will not deserve to flourish 
unless it can succeed in explaining itself 
to the large group of people who have 
never had any professional contact with 
it. That is true whether one is seeking 
to capture the imagination of the 
young... or to convince a reluctant 
Treasury ....’ 

We need to communicate science to 
ourselves and to our fellow citizens. The 
efforts of individual scientists are useful 
but inadequate. It should be possible for 
organizations to get together along with 
lines of COPUS (Committee on Public 
Understanding of Science, see Day’s 
article) and diffuse science, its methods, 
its consequences and its necessity. The 
Current Science Association can initiate 
the process in Bangalore, either by itself 
or by getting together with the Indian 
Academy of Science, the Jawaharlal 
Nehru Centre, the National Institute for 
Advanced Studies, The Indian Institute 
of Science arid the Karnataka Rajya 
Vigyana Parishad. Raman, who was 
intimately associated with some of these 
organizations, was known to be an avid 
and expert communicator of science, 
whose memory we perpetuate every 
February 28th as the National Science 
Day. That is as good a day as any to 
start this activity. 


D. Balasubramanian is in the Centre 
for Cellular & Molecular Biology, 
Hyderabad 500 007, India 


SCIENTIFIC CORRESPONDENCE 

Stereochemistry of Azadirachtins - H and I 


In two earlier publications from this 
laboratory, the isolation’ and deter¬ 
mination of structure^ of two new 
Azadirachtins H and I were detailed. 
Recently, the structure of Azadirachtin- 
H was determined^ by X-ray diffraction, 
which confirmed the structure assigned 
earlier in all respects, except the 
stereochemistry at C-11. The structure 
derived by the X-ray study showed the 
C-11 hydrogen as |3 and the dihedral 


angle in the system H9-C9-C11-Hl 1 
was 83(5)°. We had depicted’^ in 
Azadirachtin-H, H-11 as a doublet (5.4, 
d, 4.4 Hz) coupled to H-9 as a doublet 
(3.1, d, 4.4 Hz) and in Azadirachtin-I, 
H-11 as a doublet (5.41, d, 4.4 Hz) 
coupled to H-9 as a doublet (3.21, d, 
4.4 Hz). The NMR spectra of Azadi¬ 
rachtins H and I were redetermined in 
fresh CDCI3 and the hydrogen at C-11 
was seen to be a singlet in Azadirachtin- 


H at 5.45 ppm and the hydrogen at C-9 
as a singlet at 2.61 ppm. In Azadirachtin 
I, H-11 was seen as a singlet at 
5.35 ppm and H-9 was seen as a singlet 
at 2.62 ppm. Hence the H-11 hydrogens 
in both these compounds should be p- 
oriented as in Azadirachtin-B'’. In 
acetone-dg also the hydrogens both at C- 
9 and C-11 were singlets. 

The earlier measurements must have 
been vitiated by the use of poor CDCI3 
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laAzaH COOMe OH H 
lb Aza I Me OH H 


Figure 1. 


and lying round for a long period in 
solution before NMR determination, 
and the cyclic hemi-acetal system 
should have opened and recyclized with 
the hydrogen at C-11 in the a-confi- 
guration with a coupling to H-9 in that 
structure of 4.4 Hz. Hence the earlier 
structures^ proposed must be revised 
with the hydrogen at C-11 as p in both 
the compounds (Figures 1 a and h). 


1. Govindachari, T. R., Sandhya, G. and 
Ganesh Raj, S. P., Chromatographia^ 
1991, 31, 303-305. 

2. Govindachari, T. R., Sandhya, G. and 
Ganesh Raj, S. P., J. Nat. Prod., 1992, 
55,596-601. 


3. Govindachari, T. R., Geetha Gopala- 
krishnan, Rajan, S. S., Kabaleeswaran, V. 
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4. Klenk, A., Bokel, M. and Kraus, W., 
J. Chem. Soc., Chem. Commun., 1986, 
523-524. 
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Turbulence: waves or events?* 


R. Narasimha 

Turbulent flows, whether in technology or nature, are generally characterized by shear in the 
mean velocity; indeed the mean flow is often driven by turbulent fluxes of momentum, energy, etc. 
To describe the time series of such fluxes, the stochastic tools in current use, such as generalized 
harmonic analysis and (more recently) wavelets, are inadequate as they do not provide assess¬ 
ments of contributions to the mean (rather than the mean square) of a sign-indefinite quantity like 
the flux. Recent analysis of momentum flux in the atmospheric surface layer has shown however 
that an episodic description is both feasible and more natural for the flux process, which to a first 
approximation can be described as a ‘chronicle' of signed two-parameter events. In this view flux 
is generated in short intense bursts; a parameter called burstiness, which is a measure of 
temporal compactness in contributions to the mean (and varies from zero when flux generation is 
evenly distributed in time to unity when the chronicle is a sequence of delta functions), has a 
value of 70-80% in a neutral atmospheric surface layer. Furthermore, it is found that the motions 
are productive (for flux generation) about 35% of the time, counter-productive for about 15% of 


the time, and essentially idle (with weak motions 

The classical description of a turbulent flow field is in 
the language of generalized harmonic analysis, 
developed in particular by Norbert Wiener\ whose birth 
centenary we observe this year. Elements of this 
approach had informed earlier work on turbulence by 
G. I. Taylor^ but the formalism established by Wiener 
(and by Khintchine in the USSR) in the 1930s had a 
decisive influence on later work; it led to an intense 
effort over several decades to develop a statistical theory of 
'turbulence. The seminal work of Kolmogorov^, who 
argued that the power spectral density of the turbulent 
energy should depend on the wave number k like in 
the so-called inertial subrange of wave numbers, and the 
spectacular support it received from careful measure¬ 
ments in the oceans (Grant et al.^), appeared to confirm 
the usefulness of generalized harmonic analysis as a tool 
for understanding turbulence. The books by Batchelor^ 
and by Monin and Yaglom^ made a large body of results 
on such a statistical theory widely available. 

The heart of this description is the expression of any 
turbulent fluctuation, e.g. the velocity u', as the integral 

u'(x, /) = J exp{i(k* X - cot)} dZ(k, m), (1) 

where the exponential represents a wave of frequency co 
and wave number k, and dZ represents (the Lebesgue 
measure of) an infinitesimal amplitude corresponding to 


R. Narasimha is in the Jawaharlal Nehru Centre for Advanced 
Scientific Research and Centre for Atmospheric Sciences, Indian 
Institute of Science, Bangalore 560 012, India. 

*Text of the presidential address delivered at the Diamond Jubilee 
Meeting of the Indian Academy of Sciences, 30 November 1994, 
Bangalore. 
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cancelling each other out) at other times. 

given k. Basically the field is seen as a superposition 
of waves, whose amplitudes however have to obey 
certain conditions to permit us to define a meaningful 
‘spectrum’, which tells us the contribution to the 
turbulent energy from each infinitesimal range of 

waves. In single-point measurements (which are themost 
common kind), it is the temporal frequency represen¬ 
tation (in terms of co) that is directly acquired. When the 
field is statistically homogeneous in space, a description 
in terms of the wave-number vector k has been preferred. 

The insights of Kolmogorov and Taylor, while 
illuminating (see Narasimha^ for a critical discussion), 
did not however lead to any real solution of the 
problem, and eventually the reservations that had always 
been felt about the spectral mode of description came to 
the fore. In the first place, each of the elementary 
‘waves’ that add up to describe u' in equation (1) 
extends all the way from -oo to along each coordi¬ 
nate axis. Although it is common to speak of ‘eddies’ as 
being associated with each k, the infinite extent of each 
wave goes against the intuitive notion of an eddy as a 
structure of some kind that has a finite extent in space 
and a finite life-time. Secondly a spectral description, 
with its emphasis on contributions to energy, averages 
over the phase differences between waves. Both these 
reservations have grown stronger over the last two 
decades, as evidence has accumulated that in turbulent 
shear flows there can be a considerable degree of order, 
and that ‘coherent structures’ in the flow are of great 
importance in understanding its dynamics^’^. We shall 
return to the subject shortly, but must note here that the 
homogeneous isotropic turbulence that is such a 
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Figure 1. Effective eddy viscosity for turbulent motions in the 
atmosphere (based on the data of Monin^). 


favourite idealization in much statistical theory is never 
encountered in nature or technology. Indeed some 
ingenious attempts have been made to ‘manufacture’ 
isotropic turbulence in the laboratory^^, but it has been 
found that it is hard to preserve isotropy even when it 
has been created at one time or location. 

Most turbulent flows that one has to‘deal with in real 
life actually possess shear, i.e. are characterized by 
gradients of the mean velocity. This is true as much in 
technological applications as in the atmosphere and the 
oceans. The dynamics of the mean flow is in general 
dominated by turbulent transport: the mean velocity, 
e.g., may be thought of as being driven by the Reynolds 
stresses, which are proportional to mean values of 
products of velocity fluctuations. In the case of a simple 
two-dimensional shear flow in a thin (boundary) layer, 
the momentum equation for the streamwise mean 
velocity in an incompressible fluid may be written as 


du 

Tt 


^du ^du 
dx dz 


1 d p d'u 

-5-1- V —- 

P ox ^2^ 



( 2 ) 


where zT, w are the mean flow velocity components 
along X and z, p the mean pressure, p the density, v the 
viscosity and u\ w' the velocity fluctuations along and 
normal to the dominant mean flow (x and z directions 
respectively). The u'w' term represents the Reynolds 
stress or the eddy momentum flux, which dominates the 
viscous term preceding it except near any solid surface that 
may be present in the flow. In shear flows it is the Reynolds 
stress term that characterizes turbulence: and it is the 
associated^uxe^ that we are after, more than anything else. 

It is necessary to realize that these fluxes can be 
enormous. An ad hoc way of handling them is to assume 
a flux-gradient relation of the same type that, in the 



Figure 2, Typical traces of horizontal velocity from cup anemo¬ 
meters at different levels on a 10 m mast“. (The vertical separation 
between anemometers is approximately logarithmic in height.) 

kinetic theory of gases, leads to the familiar molecular 
viscosity v. Thus we may put 

- du 

-u'w' = V, -zr- 
dz 

in a thin shear flow (without taking too seriously for the 
moment the implied localness hypothesis that we know 
to be generally wrong in turbulent flows). Figure 1 
shows values of the eddy viscosity estimated by 
Monin^ as a function of the scale of niotion; these data 
are from the atmosphere. It is seen that the eddy diffusi- 
vity is strongly scale-dependent, and at the large scales 
may be 10^^ times the molecular value! Large-scale tur¬ 
bulent motions are thus superconductors of momentum 
(and heat): if there were no turbulent transport, 
temperature contrasts on the globe would be much 
stronger than they are. 

Given that the fluxes are so important, it is surprising 
how little work has been done to understand the 
structure of flux time series. Generalized harmonic 
analysis does not appear to be a good tool here, for one 
fundamental reason. Our interest is in finding out how 
turbulent motions contribute to the mean flux-w'w', 
which can in general be positive or negative. (It is 
essential to note that the fluxes are not sign-definite, 
unlike quantities like kinetic energy and dissipation.) 


34 


CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 





GENERAL ARTICLES 



time (s) 

Figure 3. Typical traces of horizontal and vertical velocity fluctuations and their product*^; the mean value of the 
product is shown by the full line in the top panel. 


The spectral approach is able to describe contributions 
to positive-definite quantities like it might be of 
some use if we wished to analyse the quantity 

(u'w'— u'w')^, 

but not the quantity u'w' itself. 

I want to describe here an attempt that we have 
recently made^^ that enables us, for the first time, to 
represent the flux time series as a different kind of 
stochastic process. 

We have already mentioned briefly the importance of 
coherent structures in turbulent shear flow. Although 
single-point measurements do not usually suggest any 
obvious order in the signal, simultaneous measurements 
at several points can often unmistakably reveal the 
presence of coherent motions. An example is shown in 
Figure 2, which presents a set of six traces of the 
streamwise velocity from sensors strung along a mast of 
30 m height to probe the atmospheric surface layer. 
(These measurements were made in 1990 at Jodhpur as 
part of a national project called MONTBLEX- for the 
Monsoon Trough Boundary Layer Experiment^^.) These 
data leave no doubt whatever about the strong coherence 
of the motions, at least over a 30 m height! (The 
coherent scales are often even larger.) 


Given such coherence in turbulent motions, we first 
seek to identify any ‘patterns’ that may be present in the 
flux signal. After the earlier mention of eddies of finite 
size and life, it might seem that wavelet analysis might 
provide just the tool we are looking for. Wavelets have 
been discussed at length recentlyand have some 
very attractive properties for use in stochastic analysis. 
But there are several difficulties with wavelets as far as 
flux analysis is concerned. First of all, the shape of the 
wavelet, or the mother wavelet, can have widely varying 
forms, subject only to the satisfaction of certain 
admissibility conditions, one of which is that its mean 
must be zero. It therefore follows that wavelets cannot 
be expected to depict a contribution to the mean flux. 
Furthermore, if the true pattern in the time series of 
interest - assuming one exists - is different from 
admissible mother wavelets, we cannot expect an 
efficient or optimum description to emerge. Finally, 
wavelets also obey a Parseval theorem, so irrespective 
of the mother wavelet chosen, a superposition like (1) 
will add up to the energy of the motion, and in fact we 
are back to looking at sign-definite quantities: as we 
have already seen, such a tool cannot answer the 
question raised earlier about sign-indefinite fluxes. 

Before proceeding, let us look at a typical flux signal, 
which is shown in Figure 3, along with its mean over a 
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Figure 4. Profiles of positive and negative flux events, in 
normalized variables* 

period of 10 min. The first striking fact is that the 
fluctuations in the instantaneous flux are violent: values 
that are twenty times the mean are common, and those a 
hundred times the mean are not rare! Recalling how 
large the mean fluxes involved are, we see that the 
atmosphere has to work very hard indeed to produce the 
superconduction of Figure 1! 

Are there any patterns in the signal of Figure 3? After 
trying several techniques for detecting events - 
including wavelets, variable interval time averaging, 
quadrant analyses etc. - we have recently come to the 
conclusion^ ^ that the best procedure is a very simple one 
indeed - namely that of looking for fluctuations that are 
intense in some sense. That is, we select a threshold, 
look at the fluctuations above this threshold, and 
average over all of the intense events that stand out to 
see if any shape or pattern is revealed. This kind of 
'conditional’ averaging makes sense especially if the 
final results are not sensitively dependent on the 
threshold level chosen; and in the present case this 
indeed appears to be so, as any threshold below that 
corresponding to one standard deviation in both velocity 
components leaves the final picture unaltered. We thus 
arrive at the conclusion that, when appropriately 
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Figure 5. Amplitude of flux events as a function of their duration'*. 

normalized, a well-defined flux event profile (or shape) 
can indeed be identified (Figure 4). An event can 
contribute to the mean flux positively or negatively - so 
we first define their profiles separately, but are pleased 
to discover that they are approximately mirror reflect¬ 
ions. At the present stage of our work, it is therefore a 
sufficiently good approximation to say that there is only 
one shape - but that each event carries a sign with it. 

It will be seen that the event-shape that emerges is 
rather like the Mexican hat that has become familiar 
from wavelet studies, but there is a crucial difference: 
unlike the Mexican hat, the profile seen in Figure 4 has 
a non-zero mean (as it must) - it may be called a heavy 
Mexican hat. However the wings of the profile are rather 
fuzzy, and we have tentatively ignored them till further 
work leads to more definitive data. 

Two parameters then describe each event: its duration 
in time, and its amplitude - say the peak value of the 
flux during the event. These parameters seem 
uncorrelated with each other (Figure 5), so we need 
both. Using the integral under the profile curve, we can 
also define the magnitude of the event as the 
contribution made to the mean flux by the event: the 
magnitude can also be signed. 

All of this suggests the idea that an ‘episodic’ 
description of the flux process may be feasible. A 
graphic way to display this episodic character is what 
we have called the burstiness diagram^^’^^ (Figure 6). 
Given a stretch of data that has been analysed into 
events, one orders them down from the biggest (i.e. 
largest magnitude or contribution to flux). Then one 
computes the cumulative contribution to the flux down 
the list from the biggest events, and their cumulative 
duration as well, and plots them as in Figure 6. The 
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Figure 6. Burstiness diagrams*’. 


according to the absolute magnitude of the event (i.e. 
curve that results (Figure 6 a) typically rises steeply ignoring its sign). Then the overshoot seen in Figure 6 a 

from the origin, overshoots the 100% flux mark, reaches is absent. The area between the burstiness curve and the 

a peak and drops down; eventually the small events left 45° line, suitably normalized, yields us an index that 

(below the threshold) make little contribution to the tells us how ‘bursty’ the flow is. If the index (which we 

flux, so the curve reaches 100% time on a flat trajectory. call the ‘burstiness’'^) is unity, all flux is produced in 

The interpretation is simple. Positive flux events, lasting events of zero duration, i.e. the flux signal is a sequence 

only a fraction of the time, generate rather more than the of delta functions; if the index is zero, flux generation is 

net mean flux during the time, and negative events, evenly distributed in time. Under neutral conditions the 

lasting an even shorter fraction, cancel out the excess burstiness in the atmosphere is found to be about 70- 

and reduce the net flux to nearly 100%. Over the rest of 80%. 

the time not much flux is generated overall. Reading It is now possible to replace the raw flux signal by 
numbers off Figure 6, we could say that, as far as the what we have called a chronicle of events , as in 

momentum flux is concerned, the atmosphere (under the Figure 7. This brings a description of the flux signal to 

conditions prevailing at the time when the data in that of a special kind of‘point process’rather than the 

Figure 6 were taken) was productive about 35% of the generalized harmonic analysis that has been the 

time, counter-productive about 15% of the time, and idle traditional tool. Once we adopt such an episodic 

about 50% of the time - a pattern that might remind us description, the questions that naturally arise become 

of how many human organizations work! The numbers entirely different: what are the distributions of the 

given are characteristic of the atmosphere when it is magnitude and duration of events? what are the arrival 

neutrally stable; when conditions are different the times? how are these parameters affected by stability? 

numbers do change appreciably^^ how well are they correlated over the scale of the flow? 

A second type of burstiness diagram (Figure 6 h) is And so on. Answers to some of these questions are now 
sometimes useful. Here the events are ordered down beginning to be available^\ 
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Incidentally, we appear to have here, for the first time, 
an objective way of distinguishing ‘active’ from 
‘passive’ motion, a concept that was introduced by 
Townsend^^. The very simple criterion we have found is 
that low fluctuations (typically less than a standard 
deviation in the velocity components) contribute little to 
the flux, and could perhaps be identified with passive 
motion; the more intense fluctuations are ‘active’ in the 
generation of flux. An attractive possibility is that the 
passive motion is best described in the language of 
waves, whereas the active motions - productive or 
counter-productive - are best seen as a series of events. 
So I suggest a tentative answer to the question in the 
title that turbulence can be both waves and events - but 
the waves are passive, and all the flux comes from the 
events, which (to a first approximation) are always 
members of a signed two-parameter family, with the 
positive events outnumbering and outlasting the 
negative ones in a neutrally stable flow. 
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Rydberg atoms and molecules — Testing 
grounds for quantum manifestations of chaos 

M. Lakshmanan and K. Ganesan 

Understanding quantum manifestations of classical chaos is of intrinsic and practical interest. 
In the recent years several fingerprints of chaos have been recognized in microscopic systems. 
In this connection Rydberg atoms and molecules, which are highly excited systems under various 
external interactions, are found to be testing grounds to understand quantum chaos. We trace 
here these recent developments and discuss their implications and future outlook. 


The deterministic randomness or chaos exhibited by 
generic nonlinear dynamical systems has been found to 
present significant practical and philosophical implica¬ 
tions^”^, and probably limitations'^ as well, in the quantum 


M. Lakshmanan and K. Ganesan are in the Centre for Nonlinear 
Dynamics, Department of Physics, Bharathidasan University, 
Tiruchirapalli 620 024, India. 


description of microscopic world. There is no doubt 
that quantum theory is a more accurate description of 
nature. However, Bohr’s correspondence principle 
requires that in the appropriate limit the remnance of 
the signatures of (classical) chaos (of macroscopic world), 
namely the exponential divergence of nearby trajectories 
and the intrinsic uncertainty due to nonlinearity, should 
follow, barring unforeseen singularities in the Planck 
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constant ^ 0 limit which possibly might prevent the 

smooth transition from quantum mechanics to classical 
mechanics^. Search for such quantum manifestations of 
classical chaos in the practical sense, which goes by 
the terminology ‘quantum chaos’ or ‘quantum chaology’, 
has recently attracted considerable interest^"^. For 
example, one might look for possible fingerprints of 
chaos in the eigenvalue spectrum, wavefunction patterns 
and so on. 

In recent times it has been found that highly excited 
Rydberg atoms and molecules (which are effectively 
one-electron systems) under various external fields^"^"* 
are veritable goldmines for exploring the quantum aspects 
of chaos. These systems are particularly appealing as 
they are not merely mathematical models but important 
physical systems which can be realized in the laboratory. 
Particular examples are the hydrogen atom in external 
magnetic fields^’ crossed electric and magnetic fields, 
van der Waals force'^’ periodic microwave radiation^ 
and so on. It is the aim of this article to bring out the 
salient features of these developments and to point out 
the future promises. 


Quantum signature of chaos 

Energy levels and universality 

Bounded quantum systems are characterized by discrete 
eigenvalues and normalizable eigenfunctions. The macro¬ 
scopic chaos (namely classical chaos) is essentially due 
to the long-time behaviour of trajectories in phase 
space. The Heisenberg’s uncertainty relation, namely 
AE • AT > 7z implies that long-time behaviour should 
necessarily be associated with short energy intervals. 
Thus, one possible approach to understand the implica¬ 
tions of chaos in quantum systems is to look for 
short-range correlations between energy levels (spacings). 
Indeed, by examining a large class of quantal systems’’^^ 
such as billiards of various types^^ coupled anharmonic 


oscillators^^’atomic and molecular systems^^ it has 
been realized that there exists generically a universality 
in the spacing distribution^^ of the quantum version of 
classically integrable as well as chaotic systems. For 
regular systems nearest-neighbour spacings follow a 
Poisson distribution, while chaotic systems follow either 
one of the three universality classes (depending upon 
the underlying symmetry and the value of the angular 
momentum (spin)) given in Table 1. For chaotic systems 
the three universality classes correspond to Gaussian 
Orthogonal Ensemble (GOE) or Wigner statistics, Gaus¬ 
sian Unitary Ensemble (GUE) statistics and Gaussian 
Symplectic Ensemble (GSE) statistics, similar to the 
ones which occur in random matrix theory of nuclear 
physics developed by Wigner, Dyson, Mehta and others 
during the sixties. Finally, the near integrable and inter¬ 
mediate cases are found to satisfy either the Brody or 
Berry-Robnik or Izrailev distribution^^^’^^ 

Energy level dynamics 

In fact, one can rigorously analyse the scheme of 
transition from Poisson statistics to the Gaussian random 
matrix ensemble statistics (corresponding to transition 
from regular to chaotic motion in classical dynamics) 
in the framework of level dynamics^^"^"^. Considering a 
generic Hamiltonian H = + where X is typically 

the nonintegrability parameter which is now taken as a 
‘time’ variable, one can deduce the ‘equations of motion’ 
for the nondegenerate discrete energy levels and eigen¬ 
functions under the X-flow from the Schrodinger eigen¬ 
value problem^"^ H I n(k )) = (X,) I n(X )): 

^^{n\V\n)^p^ {t = X), (la) 

= 2 y V (x-x)-', (lb) 

^ ^ nm mn ^ n m' ' 

m^n 

= X I m) -xX . (Ic) 


Table 1. Various universality classes of level statistics 

Classical dynamics Symmetry Quantum level statistics Examples 

Regular - Poisson Integrable billiards, (un)coupled 

oscillators, etc. 

Near-integrable - Intermediate (Izrailev, Near-integrable cases of coupled 

Berry-Robnik, Brody) oscillators 

Chaotic Time reversal invariance GOE (Wigner) H Zydrogen atom in strong 

magnetic • field, hyperbolic 

systems, anisotropic Kepler 

system 

Broken time reversal invariance GUE Aharanov-Bohm billiard 

Time reversal invariance + (1/2) GSE Neutrino billiard 

odd integer total angular momen¬ 
tum 
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= X ('n\ V^(x„-xj\ 

m*n 

V =(n\V\m). (Id) 

Equation (1) can be shown to be equivalent^"^ to a 
completely integrable iV-particle Calogero-Moser system 
endowed with an additional internal complex vector 
space structure. The solutions of this system determine 
the possible energy spectrum and wavefunction patterns 
at an arbitrary flow value of X, the nonintegrability 
parameter. Further, one can use these solutions to describe 
the origin of successive avoided crossings observed in 
the energy level structure of bounded systems^’Then 
by making use of a grand canonical ensemble one can 
derive the universal spacing distributions as in the case 
of random matrix theory^^~^^ 


Wavefunction behaviour: Scarring and localization 


The phase trajectories of classically integrable and near 
integrable Hamiltonian systems can be easily seen to 
lie on energy shells corresponding to invariant tori, the 
so-called KAM tori^^ Correspondingly, in the semi- 
classical limit, the Einstein-Brillouin-Keller (EBK) quan¬ 
tization rules hold good and the quantal eigenstates are 
known to be localized"* on the invariant tori. When the 
classical system is chaotic, the phase trajectories traverse 
the accessible phase space ergodically. Typically, the 
chaotic trajectories consist of infinite number of unstable 
periodic orbits (the stable periodic orbits have zero 
measure). Surprisingly, the corresponding quantum eigen¬ 
functions in generic examples have also been found to 
have structures with high amplitude along short, unstable 
periodic orbits. Heller^^*^^ described them as having 
‘scars’ of classical periodic orbits and provided theoreti¬ 
cal arguments for the constructive quantum interference 
responsible for their appearance. The enhanced prob¬ 
ability density of the scarred wavefunctions is ascribed 
to the focal points of the periodic orbit. The scars play 
an important role in interpreting experimental results^\ 
for example modulation of intensity. 

A second, but related, aspect of quantal wavefunctions 
of classically chaotic system is ‘localization’. By con¬ 
sidering a periodically kicked rotator, it has been shown 
by Casati and Molinari^^ that while in the classical case 
the energy diffuses as a function of time, in the quantal 
case, after a finite time, the energy (diffusion) displays 
a bounded fluctuation about a finite mean value. By 
analogy with Anderson localization in solid-state 
physics, one can argue that the quantum-mechanical 
suppression of diffusion is essentially due to the 
localization of the wavefunction^^ arising from the 
interference effects. 


Rydberg atoms and quantum chaos 

Atomic systems are considered to be the most suitable 
testing groundsfor understanding the various ideas 
on quantum chaos discussed above. One of the reasons 
behind this is that the underlying systems are amenable 
to classical, semiclassical and quantum treatment. They 
are also experimentally realizable in the laboratory. 
Moreover, one can make a systematic experimental and 
theoretical (analytical and numerical) comparison. 

We know that hydrogen atom is the simplest atomic 
system containing only one electron. Its classical 
analogue is the Kepler problem of a planet moving 
around a relatively stationary star under the action of 
the gravitational force. Both the quantum and classical 
problems are solvable and. comparisons can be made. 
In the presence of a physically realizable and meaningful 
external field, the classical analogue of the hydrogen 
atom (the perturbed Kepler problem) shows a rich variety 
of nonlinear phenomena^’and is a typical system 
exhibiting Hamiltonian chaos^"^’^^. The corresponding 
quantum system represents the so-called highly excited 
Rydberg atoms (effective one-electron atoms, where the 
outermost electron is excited to a higher energy level 
so that the remaining electrons with the nuclear core 
form an effective nuclear charge) in external fields. 
Thus, the quantum manifestations of classical chaos can 
be inferred from the study of such real atomic systems 
in external fields. 


Quadratic Zeeman effect 


To appreciate that the Rydberg atoms in external fields 
are indeed laboratory-realizable systems, let us consider 
for a moment the problem of hydrogen atom kept in a 
constant magnetic field along the ^-direction. The asso¬ 
ciated Hamiltonian can be written as 


H = 


^{p-eA/cf'^ 


2m 




( 2 ) 


where the field is derived from the vector potential A 
as B = (VxA) = (0, 0, B), A = {(Bxr). Here m is 
the reduced mass, p the momentum and e the electronic 
charge. Then one can rewrite the Hamiltonian (2) as 



vO 


+ coL+^mco^ (^^ + /), 


(3) 


where L, is the z-component of the angular momentum 
(= xpy-yp^) and CO half the cyclotron frequency. 



eB 

2mc 


(4) 
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Thus, when the magnetic field strength is small, the 
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last term on the right-hand side of equation (3), the 
so-called quadratic Zeeman term, can be neglected and 
we have the well-known anomalous Zeeman effect^^. In 
order for this quadratic term to have an appreciable 
effect, it should be of the order of the Coulomb inter¬ 
action. An estimate of the required field strength can 
be obtained as follows. 

Comparing the Rydberg energy (i.e. the ground-state 
energy R = {-me^/lH^)) with the (two-dimensional) 
oscillator energy (^^co) gives a critical field strength of 

2 3 

B = = 2.35 X 10'* G= 2.35 x lO’ T. (5) 

Thus, one requires an astronomical field strength of 
2.35 X 10^ T in order to realize the effect of the quadratic 
Zeeman term, which in the classical case leads to chaos. 
However, one can quickly realize that with the recent 
advent of tunable lasers, atoms can be excited to higher 
levels, even up to the order of the principle quantum 
number n ~ 50 to 100, so that there is a dramatic 
reduction of the field strength required in the laboratory, 
as given in Table 2. It is clear that for « = 50 state, 
just a 2 T field, comparable to that of the Coulomb 
field, is enough to realize the effect of chaos. 

In fact, a large body of investigations has been 
performed both analytically^'*^’(theoretical and numeri¬ 
cal) and experimentally^^ to realize the quantum effects 
of chaos in the quadratic Zeeman problem. We summarize 
the details below. 

The motion of the electron is regular in a weak 
magnetic field and chaotic on a large scale in a strong 
magnetic field. In the intermediate region there is a 
smooth transition. As far as the energy spectrum of the 
corresponding quantum system is concerned, in the 
weak-field regime the nearest-neighbour spacing dis¬ 
tribution follows Poisson distribution, whereas at the 
strong field regime they follow the GOE statistics. In 
the intermediate regime, where both regular and chaotic 
trajectories coexist, it is described by intermediate 
statistics. 

In the chaotic region near the ionization limit Garton 


Table 2. Variation of certain physical entities of Rydberg states as 
a function of the principle quantum number 


Physical entity 

Scaling relation 

n = 1 

n = 50 

Size 


lA 

0.5 |im 

Energy 

\/r? 

13.6 eV 

5meV 

Electron velocity 

l/n 

2 X 10'’ m/s 

4 X 10* mis 

Critical electric 
field 

l/n" 

lO’V/cm 

lOOV/cm 

Critical magnetic 
field 

\/n? 

2xlO’T 

2T 


and Tomkins^^ observed a series of broad unresolved 
resonances called quasi Landau resonances equally 
spaced by 1.5 cyclotron frequency. This phenomenon 
shows that the long-range correlations exist in the 
spectrum which can be analysed using the so-called 
Gutzwiller's trace formula, which involves the summation 
over all classical periodic orbits*. The experimentally 
observed spectra^^ are shown to have an impressive 
agreement with these classical periodic orbits. 

By making use of Husimi distribution in phase 
space (which represents the overlap of the eigenstate 
with a coherent state), the quantum localization near 
the classical invariant torus is identified*** for weak- 
field limit whereas in the strong-field limit no such 
localization is observed. Thus, there is a qualitative 
difference between regular and chaotic eigenstates of 
the quantum systems. 

Hydrogen atom in other external fields/interactions 

It is not only the problem of hydrogen atom in a 
constant magnetic field that is of interest in quantum 
chaos. There are a host of other interesting problems 
in which the hydrogen atom interacts with external fields 
which are also of considerable interest both from theoreti¬ 
cal and experimental points of view. They are enumerated 
in Table 3. 


Hydrogen atom in a generalized van der Waals 
interaction 


If we consider two identical atoms (neutral) separated 
by a distance d (which is large in comparison with the 
radius of the atoms), then the atoms induce dipole 
moments on each other, which will cause an attractive 
interaction between them. This is the so-called van der 
Waals interaction or London interaction or induced 
dipole-dipole interaction. It is possible in this case to 
show that the interaction between the hydrogen atom 
and a nearby metal surface (called the instantaneous 
van der Waals interaction) can be described**’"** by the 
Hamiltonian 




r 

V J 


+ y,(/+y^ + 2z^) , 

Y; = - \/\6d\ 


( 6 ) 


By generalizing the above and equation (3), Alhassid 
et al.^^ have introduced the so-called generalized van 
der Waals interaction with the Hamiltonian 





(7) 


which encompasses many of the physically interesting 
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Table 3. Various physically meaningful perturbations of hydrogen atom: + H,; = (pV2) - (1/r) 


Physical problem 

Typical form of 

Properties 

Ref, 

Stark effect 

Fz 

Separable, no chaos 

37 

Magnetic field (constant) 

coL^ + (1/2) mcfl? (jT + 

Nonintegrable; order to large chaos 
smooth transition 

10 

Oscillating electric field 

Fz . cos(co0 

Order to chaos depending on F and 

CO values (nonintegrable) 

7 

Crossed electric and magnetic field 
(constant) 

Y(;c2 + y) + Fz 

Depending on y and F value either 
regular or chaotic (nonintegrable) 

40 

Spherical quadratic Zeeman 
problem 

Y(^ + / + z2) 

Separable, no chaos (integrable) 

34 

Instantaneous van der Waals field 

Y(jc^-i-y^ + 2z^) 

Near-integrable order to small-scale 
chaos transition 

12 

Waveguide 

Y(x^4* J^ + OZ^), 

a = [2, 8/3] 

Near-integrable, order to small- 
scale chaos transition 

41 


F, Y, CO and a are parameters. 


systems discussed above for appropriate choices and 
range of the parameters'^ y P- Interestingly, this 
system has also a close analogy with the Paul trap 
problem of ions in precision atomic spectroscopy"^^. In 
a Paul trap, an rf electric field is applied between the 
end plates and a ring-shaped electrode at the centre so 
that the fields create hyperbolic potentials in which the 
motion of ions is harmonic to a first order. At the 
centre of the trap, the ion inhabits virtually a field-free 
region. The Hamiltonian of such a Paul trap"^ is essen¬ 
tially given by 

= ^+ 7 + ^ (^'+/ + PV), (8) 

where |3 represents the deformation of the secular osci¬ 
llator. One may note that equation (8) is analogous to 
equation (7) except for a change in sign of the Coulombic 
term. 

Hamiltonian (7) is not an exactly solvable problem 
for arbitrary values of (3. By using cylindrical and 
semiparabolic coordinates one can show that the z- 
component of the angular momentum is a constant of 
the motion so that the system becomes effectively a 
problem of two coupled sixth-power anharmonic oscil¬ 
lators"^^. Then all the recently developed techniques to 
deal with chaotic, nonintegrable Hamiltonian systems 
can be used to study the classical and semiclassical 
aspects. Detailed analysis^"^ shows that as the parameter 
P increases for arbitrary y, there is a chaos-order-chaos- 
order-chaos-order-chaos type of transition, with exactly 
integrable behaviour at P = 1/2, 1 and 2 due to the 
existence of certain nontrivial dynamical symmetries of 
the system. The corresponding quantum problem can be 
analysed by solving the Schrodinger equation numerically 
in terms of the SO(4, 2) group generators using a scaled 
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set of normalized Coulombic wavefunctions"^^. In this 
way a large number of converged eigenvalues can be 
obtained and the level statistics can be analysed. Again 
as the parameter P increases, one obtains a GOE Poisson- 
Brody-Poisson-Brody-Poisson-GOE type of transition 
corresponding to classical dynamics, thereby confirming 
the classical and quantum connections'^^. Some repre¬ 
sentative details are given in Figures 1-3. Similar studies 
can also be performed for wavefunction dynamics. 

Outlook 

It is not only the study of Rydberg atoms that is of 
interest in quantum chaos. Recent investigations show 
that investigations of Rydberg molecules are also of 
paramount importance in view of the nonuniversality 
properties of the correlations between intensities and 
spacings"^^ and the classical chaotic autoionization 
mechanism proposed for the experimentally observed 
ionization process'^^. In a related development, for the 
He atom for collinear configuration with both electrons 
on the same side of the nucleus, one finds regular 
behaviour, while for electrons on different sides of the 
nucleus, fully developed chaotic behaviour occurs, 
whereas the motion on the Wannier ridge shows a mixed 
behaviour. Interestingly, all these three regions have 
been quantized semiclassically for the first time. 
Moreover, there seems to exist a close agreement with 
pure quantum-mechanical and experimental results"^^ 
Also, at present many interesting classical, semiclassical 
and quantal investigations are ongoing along this direction. 

In the case of mesoscopic systems (whose size 
~ 10”^ m), by looking at the dispersion of energy levels 
to external perturbations (like magnetic field), the 
so-called generalized conductance was recently intro¬ 
duced. Indeed remarkably, the conductivity properties 
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Figures 1 a-3 a Figures 1 b-3 b 

Figures la, 2a, 3a. Nearest-neighbour spacing distribution of the hydrogen atom in a generalized van der Waals potential problem for 
P = 1/4, 1/2 and VoX; Figures \ b, lb, 3b. Poincare surface of section of Hamiltonian (7) (using the corresponding oscillator counterpart 
Hamiltonian) for p = 1/4, 1/2 and Vo.4 
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of these mesoscopic systems share analogous universality 
properties exhibited by quantum chaotic systems"^^. These 
findings have brought much practical importance in the 
field of ‘quantum chaos’. 

Finally, many interesting results are coming up in 
the quantum effects of chaotic scattering processes. For 
example, the so-called Ericson fluctuations in scattering 
cross-sections are related to the classically chaotic trajec¬ 
tories and also they show universal behaviour. The 
observed resistance measurements of microstructures like 
quantum dots, quantum wires, etc., cannot be explained 
by standard solid-state physics textbook style but one 
can explain them using simple quantum scattering 
aspects^^. It appears that quantum manifestations of 
classical chaos will indeed have important practical 
applications. 
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Cancer of the uterine cervix: Integration of 
molecular evaluation into management strategy 
and the concept of biological staging 
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Carcinoma of the uterine cervix is the most common 
malignancy affecting Indian women. The biological 
behaviour of invasive cervical cancer is not always 
predictable. Even when the lesion is localized to the 
cervix, 15-20% of the patients have recurrences. The 
evaluation of cervical precancer is even more 
complex and the current approach is to assess 
malignant potential based on histological and 
cytoiogical criteria. However, lesions at any point in 
the spectrum of premalignancy have been associated 
with subsequent invasion, reflecting the limitations 
of histological grading for predicting the risk of 
progression. Biological markers are measures 
of cellular events associated with specific stages of 
carcinogenesis. This definition indicates that the risk 
of tumour progression and/or biological behaviour 
could correlate with the quantitative degree and 
pattern of biomarker expression, A number of such 
markers are now available for the evaluation of 
cervical lesions. Molecular, biological and histopa- 
thological investigations of preinvasive and invasive 
carcinoma of the uterine cervix have shown the role 
of human papillomavirus (HPV) infection in cervical 
carcinogenesis. Molecular analysis of HPV DNAs has 
also provided information on their genomic 
organization, protein function and transcriptional 
regulation. Studies on the expression of E6 and E7 
transforming proteins of certain high-risk HPVs 
have shown that these viruses play a role in 
carcinogenic progression by forming complexes with 
products of the tumor suppressor genes, Rb and p53. 
Studies have also shown the association of the 
oncogenes, ras and myc with HPV and cervical 
carcinoma. The role of HPV infection, E6-E7 
transforming proteins, oncogenes and tumour 
suppressor genes in cervical carcinogenesis are 
discussed in this paper. Evaluation of these 
molecular markers can thus be used to elaborate the 
existing grading system for cervical lesions and could 
play a vital role in the management of cervical 
precancer and cancer. 


^For correspondence. 
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Cancer of the uterine cervix: a formidable 
problem 

Carcinoma of the uterine cervix is the most common 
malignancy affecting the Indian women, well confirmed 
by the age-adjusted incidence rates reported by the 
population-based registries at Bombay, Delhi, Madras 
and Bangalore^ Hospital statistics also show the disease 
to account for about 12.3% of all cancers and 23% of all 
female cancers recorded at the Regional Cancer Centre, 
Thiruvananthapuram^. A similar picture exists in other 
southeastern countries, where cervical cancer has been 
reported to range from 25-45% of all cancers^. In the 
United States, it ranks seventh in frequency among 
women and eighth as a cause of death among women"^. 
With nearly half a million women developing the 
disease annually, this malignancy continues to pose an 
unresolved health problem"^. 

Premalignant processes in the uterine cervix 
and its evaluation 

One of the most intensively studied issues in 
gynaecological. pathology over the past 30 years has 
been the factor(s) involved in the progression of precan- 
cerous processes to invasive cancer. This question is of 
vital importance since it addresses the biological 
characteristics that typify neoplasia, the histological 
features that can be recognized as signifying ‘high risk’ 
and the possibility that the use of such information will 
simplify the management of women with abnormal 
Papanicolaou smears. 

The normal approach in evaluating various stages of 
cervical carcinogenesis involves applying standard 
histological criteria to identify cervical intraepithelial 
neoplasia (CIN). Relative risk is more or less conveyed 
by grading of the lesion. Lesions termed CIN I, II and 
III correspond to the presence of mild, moderate and 
severe dysplasia/carcinoma in situ, respectively. A 
newer classification called the ‘Bethesda System’ was 
also recently introduced for reporting cervical lesions. 
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This classification includes a two-tiered system, ‘low- 
grade’ and ‘high-grade’ squamous intraepithelial lesions 
(SILs). Low-grade SILs correspond to CIN I while high- 
grade SILs correspond to CIN II and III lesions. It is 
presumed that lesions at the higher end of all 
classification spectrums possess a greater risk of 
progression to cancer if left untreated^’^. Nevertheless, 
lesions at any point in the spectrum have been 
associated with subsequent invasion, reflecting the 
limitations of histological grading for predicting the risk 
of progression^’^. It is, therefore, clear that routine 
histology and/or cytology may be inadequate to predict 
the precise process of cervical carcinogenesis. 

Prognostic features in cervical cancer 

The biological behaviour of invasive cervical cancer is 
not always predictable. Even when the lesion is 
localized to the cervix, 15-20% of the patients have 
recurrences^’^. Clinical prognostic factors include lymph 
node involvement, tumour size, histological type and 
grade of differentiation^. Lymph node involvement 
appears to be one of the most important factors, not only 
in patients with early stages of cervical cancer, but also 
those having para-aortic and multiple lymph node 
metastases are likely to develop distant metastases^’^. 
However, in many cases with involved lymph nodes 
there are no recurrences and conversely the absence of 
positive nodes does not ensure disease-free status. The 
problem, therefore, for oncologists is to try and predict 
accurately those tumours which will relapse in order to 
modify or modulate treatment protocol. It is thus 
important to establish biological markers which can be 
associated with disease course. 

Biological markers and malignancy 

Until recently, the scope of scientific study of biologic 
processes involved in early cancer development in 
humans was largely confined to the histological 
characterization of premalignancy^^. Oral leukoplakia, 
cervical dysplasia and colonic polyps have served as 
useful markers of increased cancer risk in the involved 
tissues based on clinical appearance and histopatho- 
logical examination. This, however, is extremely 
subjective and has considerable difficulty in determining 
which alterations are important predictors of future 
behaviour and which are coincidental. With the 
clarification of the carcinogenesis process, well-defined 
stages of initiation, promotion, conversion and 
progression have been identified^ ^ This theory 
postulates specific events to occur at each step. Ideally, 
therefore, measurements of carcinogenesis can be 
achieved by studying biological markers associated with 
each intermediate step, giving rise to the concept of 
biological or intermediate markers^^ 


Biological markers can be defined as measurable 
markers of cellular events associated with specific 
stages of the multi-step evolution and progression of 
carcinogenesis^^’This definition indicates that the risk 
of carcinogenic transformation correlates with the 
quantitative degree and pattern of biomarker expression. 
Markers are specific, novel or structurally related 
cellular macromolecules, or temporally, spatially or 
quantitatively altered normal molecules associated with 
malignant (and in some cases with benign) cells. Thus, 
biological markers represent signals in a continuum of 
events between the start of carcinogenesis and the final 
expression of clinically evident disease 

The need for biological staging 

The optimum staging system of malignant neoplasms 
describes the extent of the particular cancer and relates 
to its natural course. This classification should be 
uniform and should facilitate the exchange of 
information, be useful in the evaluation of the results of 
treatment, be able to forecast an outcome and give a 
sense of prognosis. Three significant events in the 
history of cancer determined by clinical examination 
before therapy is begun give the anatomic extent of the 
disease. These are tumour growth at the primary site 
(T), spread to regional lymph nodes (N) and distant 
metastases (M). The description of the extent of cancer 
or morphological evaluation and accurate histological 
evaluation are essential elements in a meaningful 
documentation of a tumour and should be used with 
consistency. 

However, it is widely held that the current staging 
system for cervical cancer may have limitations. For 
example, the group staging is ambiguous because it 
includes cancers of different natural behaviours. Two- 
dimensional definitions that utilize only the size and 
location of cancer do not necessarily predict its 
metastatic potential. Certainly, local spread and distant 
metastases may have occurred long before they are 
evident by clinical examination. A similar problem is 
also evident with cervical precancers. As outlined 
earlier, lesions at any point in the premalignant spectrum 
have been associated with subsequent invasion, 
reflecting the limitations of histological grading for 
predicting the risk of progression^. 

It is with these limitations in mind that the American 
Joint Committee on Cancer have in their recent 
publication''^ stated that in the future biologic markers 
and other parameters may have to be added to those of 
anatomic extent in classifying cancer. A number of 
prognostic indices have been published for various 
cancer sitesAlthough subject to a few drawbacks, 
these markers have depended on small numbers of cases. 
In addition, not all components of the AJCC/UICC 
categories were considered although most prognostic 
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indicators such as tumour size and nodal status were 
included. However, they still represent efforts to 
organize logically our knowledge of prognostic 
indicators for cancer patient management. 

Basic research has produced new markers which have 
the ability to estimate disease progression and 
prognosis. These include amplified oncogenes, oncopro¬ 
teins, paracrine and autocrine growth factors, extent of 
aneuploidy, cell receptors and proliferation markers. 
Such prognostic markers will probably not apply to all 
stage groupings. Their important contribution will be for 
patients with early-stage disease. In addition, prognostic 
markers will perform new roles for early cancer 
detection, i. e. throw new light on the process of 
carcinogenesis. They will not only serve as intermediate 
endpoints for screening but will also clarity the 
contribution of lead time and length bias by identifying 
tumours that are slow-growing. It is, therefore, obvious 
from these points that biological markers can play a 
vital role in the management of both cervical precancer 
and invasive cancer. 

Molecular markers for cervical lesions 

The development and biological behaviour of 
preinvasive and invasive lesions of the uterine cervix is 
associated with the expression of a number of molecular 
markers. Such prognostic markers may improve our 
ability to estimate the disease outcome, especially for 
patients with early-stage disease and those with 
precancerous lesions. Among the best-studied molecular 
markers of cervical cancer and precancer are human 
papillomavirus (HPV) infection, HPV transforming 
proteins - E6 and E7, the oncogenes ras and c-myc and 
tumour suppressor genes Rb and p53. 

Human papillomaviruses and cervical cancer 

Molecular, biological and histopathological investi¬ 
gations of preinvasive and invasive squamous cell 
carcinoma of cervix performed over the last decade have 
demonstrated the presence of human papillomavirus 
(HPV) nucleotides in 80-90% of precancerous and 
cancerous iesions^’^^. There are approximately 65 
different subtypes of HPVs which have been reported”®; 
and, of these, at least 20 have been found to be 
associated with the female genital tract. These HPVs can 
be further classified as either ‘high-risk’ or ‘low-risk’ 
based on whether or not the genital tract lesions with 
which these HPVs are associated have a risk for 
malignant progression. The low-risk viruses include 
HPV-6 and HPV-ll, associated with benign genital 
warts and low grades of CIN, whereas ‘high-risk’ 
viruses such as HPV-16 and HPV-18 are associated with 
the majority of cervical carcinoma and high-grade 
dysplastic lesions^®”^^. 
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Distribution and behaviour of HPVs in the 
uterine cervix 

Several histologic and molecular studies have 
demonstrated a differential distribution of HPVs in 
cervical cancer and in genital tract lesions^^’^"^. HPV-6 
and 11 are usually associated with lesions that are low- 
grade CIN lesions. Although HPV-16 and 18 have both 
been evaluated as high-risk viruses, there is. some 
evidence that they behave differently^^’^"^. The frequency 
of HPV-18 in low-grade CIN is disproportionately low 
compared to its frequency in invasive cancers. Adeno¬ 
carcinoma of the cervix also appears to be associated 
with HPV-18 in up to 55% of cases”^. HPV type 16 
DNA sequences have been detected in considerable 
frequency in normal cervical epithelium, showing that 
HPV virions can exist in apparently normal tissues^^’"^. 
It is also suggested that in occult infection, the virus 
infects a large number of cells but is present in a low 
copy number^^. 

The prevalence of HPV-6 and 11 in benign and low- 
grade lesions suggests that a significant proportion of 
CIN I lesions should not only be regarded as part of a 
pathologic continuum to cervical cancer but should also 
represent a specific manifestation of HPV-6/11 
infection. CIN I lesions tend to either regress or persist 
but rarely progress. High-grade leslions are often found 
to have a higher rate of basal cells proliferation and are 
more likely to have other genetic alterations that can 
result in the establishment of a malignant phenotype^^. 
The prevalence of HPV type 16 and 18 in invasive 
tumours suggests a particular carcinogenic potential of 
these virus subtypes^^’^®. A number of current studies 
have indicated that the presence of HPV-16 and 18 
appears to be a major risk factor for progression of 
precancer to carcinoma, thereby emphasizing the 
clinical value of their identification^ ^ 

Although HPV-16 and 18 have been detected in 
approximately 70% of invasive carcinomas, HPV-18 
displays certain unique characteristics suggesting that it 
operates differently from HPV-16. It has been proposed 
that the deficit of HPV-18 in CIN compared to invasive 
carcinoma may reflect rapid transit time through the 
CIN or that HPV-18-related lesions may short-circuit 
the usual pathway and progress to invasive carcinoma 
directly from low-grade lesions^^. It has been suggested, 
therefore, that HPV-18 may account for what has been 
termed ‘rapidly progressive cervical carcinoma’^^. Such 
patients are usually young and present with more 
advanced disease than is initially suspected. The 
tumours tend to be poorly differentiated and pursue a 
highly aggressive course. Studies comparing clinical and 
pathological features of patients with cervical cancers 
containing HPV-18 have shown that these tumours have 
a higher frequency of pelvic lymph node metastasis^^. 
The recurrence rate was 45% in patients with HPV-18 
tumours compared to 16% for HPV-16-containing 
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tumours^^. HPV-18 also shows a tendency to be 
preferentially distributed in adenocarcinomas^^ and in 
highly aggressive small-cell undifferentiated carcino¬ 
mas^ . 

Follow-up studies of intraepithelial lesions suggest 
that those containing HPV-16 and 18 have a higher 
propensity to progress than do lesions containing HPV 
types 6 and 11 (ref. 35). However, a long-term 
prospective study reports that the low-risk HPV types 
were found in carcinoma in situ (CIS) lesions as 
frequently as the high-risk types, HPV-16 and 18 
(ref. 36). This, thus, suggests a possible similarity in the 
biological behaviour of these HPV groups and that 
infection by HPV-6 and 11 by no means excludes the 
possibility for progression into invasive cancer. 

Interaction of viral and cellular genes 

The life cycle of HPV is tightly linked to squamous cell 
differentiation^Following infection, the virus either 
remains dormant (the latent stage) or undergoes active 
replication, resulting in the synthesis of complete and 
infectious virus particles. It is thought that HPV infects 
the basal layer of the epithelium and replicates 
extrachromosomally as an episome^^’^\ Under certain 
circumstances, the viral genome may become integrated 
into the cellular genome. Integration disrupts the viral 
genome in the EI-E2 regions (regions that code for 
nonstructural proteins), resulting in the failure of 
transcription of the late genes (regions that code for 
structural proteins) and possibly in uncontrolled 
transcription of the E6 and E7 genes^^’^^. The E6-E7 
regions code for proteins that are involved in the 
regulation of viral growth^ 

Expression of E6/E7 transforming proteins of 
HPV 

Morphologically, HPV infection in low-grade SlLs is 
determined on the basis of koilocytosis in the superficial 
layers of the thickened epithelium. Molecular analysis of 
recombinant HPV DNAs has provided information on 
their genomic organization, protein functions and 
transcriptional regulation. Several lines of evidence 
suggest the possible mechanism of HPV-induced 
carcinogenesis. 

Studies on cervical cancers and cell lines derived from 
cervical cancers that are HPV-positive have demon¬ 
strated active transcription and translation of the E6-E7 
regions of high-risk virus types HPV-16 and HPV-18 
(refs 37, 38). The E6 and E7 regions of the high-risk 
viruses are able to immortalize primary human keratino- 
cytes^^'^\ Persistent E6 and E7 expression is essential in 
maintaining the transformed phenotype'^^ The demon¬ 
stration of the transforming properties of the E6 and E7 
oncoproteins of the high-risk HP Vs supports a role of 
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these viruses in carcinogenic progression. The HPV 
genomes in cervical cancers and in derived cell lines are 
transcriptionally active and patterns of viral RNA 
expression are specific with regular expression of E6 
and E7 genes'^^. It has been proposed that the integration 
of the viral genome in cervical cancers provides a 
selective advantage leading to uncontrolled proliferation 
of the cell due to the deregulated expression of the E6 
and E7 genes^^ 

Expression of oncogenes 

Cellular oncogenes are activated by overexpression, 
transposition or structural alterations within the gene 
sequences and is assumed to be associated with neo¬ 
plastic growth of human tumours'*^. Of the oncogenes, 
myc and ras have been found to be commonly expressed 
in cervical cancer"^. The overexpression of the c-myc 
gene has been observed in cervical carcinomas'^^^'^. 
Studies of squamous cell carcinomas of the uterine 
cervix have shown c-myc overexpression in 44% of 
stage I and II tumours'^^’^'*. Studies have also shown that 
activation of the c-myc gene is associated with a poorer 
prognosis"^^. In a study of 72 patients with stage I or II 
tumours, Riou et found high levels of c-myc RNA 
in 25 samples. On estimating a univariate risk of 
relapse, it was found to be associated with c-myc 
overexpression, nodal status and geographical origin 
(study patients were from Africa and France). A 
subsequent multivariate analysis showed only c-myc 
overexpression and nodal status to be associated with 
risk of relapse. Of the 25 patients with high levels of c- 
myc RNA, 13 relapsed. By contrast, of the 47 patients 
without c-myc overexpression, only 4 relapsed. Thus, a 
significant association between raised levels of c-myc 
transcripts and risk of relapse was found irrespective of 
other prognostic factors"^^. Studies also show that early- 
stage invasive cervical cancers with c-myc gene 
overexpression and those containing no detectable HPV 
DNA sequences were associated with a high risk of 
relapse'^^’'^^’^^. A recent study has shown that c-myc 
overexpression and HPV negative status are two 
independent, prognostic indicators strongly related to 
the risk of distant metastasis^^ Studies have also shown 
that the c-myc gene is more frequently overexpressed in 
grade III CIN than in grade I CIN^^ and that HPV 
sequences are preferentially integrated near myc genes 
in invasive genital cancers^^. It is thus suggested that 
overexpression of the c-myc gene might play an 
important role in the oncogenesis of cervical carcinoma 
and that amplification is not always necessary for the 
activation of this gene^"^. 

There are also some reports on the association of the 
ras oncogene with cervical carcinoma. A 3—30-fold 
amplification of c-Ha-ras gene has been reported in 
advanced cervical carcinoma^^. Activation of c-myc 
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gene was found in tumours with mutation or deletion in 
the c-Ha-ras gene^^. To examine the correlation between 
ras gene expression and the development of cervical 
cancer, Sagae et studied the reactivity of cervical 
intraepithelial neoplasia and microinvasive lesions of 
the cervix by using an anti-ras p21 monoclonal 
antibody, rp35. Their data showed that the frequency of 
p21 increased with higher grades of dysplasia, 
suggesting that p21 positivity increases during early 
carcinogenesis from CIN to invasive carcinoma. The 
same authors have also reported that the expression of 
ras p21 is a prognostic indicator for cervical cancers but 
the mode of its prognostic correlation was dependent on 
tumour histology^^. Another finding of clinical 
significance was a report showing a correlation between 
elevation of p21 expression in cervical carcinomas and 
the incidence of lymph node metastases^^. 

Expression of tumour suppressor genes 

In vitro studies suggest that HPVs interact with cellular 
genes that normally regulate cellular proliferation. The 
E6 and E7 proteins of high-risk HPVs have been shown 


to form complexes with proteins encoded by the tumour 
suppressor genes, p53 and retinoblastoma susceptibility 
{Rb) gene, respectively^^’^^. The demonstration of an 
interaction between the E7 gene product and the Rb 
protein suggests that the formation of such a complex 
might inactivate the Rb gene, resulting in loss of cellular 
growth control in a manner similar to that seen in cells 
homozygous for retinoblastoma gene deletion^^ The Rb 
gene product is thought to play a key role in regulating 
intracellular signalling pathways^\ The E7 proteins 
from low-risk HPVs (types 6 and 11) associated with the 
Rb protein have approximately tenfold lower affinity 
than do the E7 proteins of the high-risk HPV types 16 
and 18. This differential binding may be partially 
responsible for the clinical differences between low- and 
high-risk HPVs. Additionally, the binding site of E7 on 
Rb protein has also been shown to bind to the product of 
c-myc and N-myc oncogenes^“. The binding of E6 to p53 
protein promotes degradation of the latter^^. This 
selective degradation of p53 by the E6 protein is an 
important mode of action of this dominantly acting 
oncoprotein. 

These findings give rise to a possibly new evaluation 
scheme to grade the progression of cervical precancer. 


CERVICAL BIOPSY 

SPECIMEN ->1 


_^ANAT0M1C 

"^STAGE 



Tumour size 


Invasiveness 


Nodal status 


MORPHOLOGIC 

GRADE 



Well-differentiated 


Moderately differentiated 


Poorly differentiated 


►BIOLOGIC GRADE 



HPV status (subtypes and expression 
of E6/E7 proteins) 


Oncogenes (ras, myc) 


Tumour suppressor genes (p53, Rb) 


Figure 1. The three-tier AMB (anatomic-morphologic-biologic) evaluation protocol for cervical carcinoma. 
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►Low-grade 
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Configuration of E6-p53 complex 


P'igure 2. The two-tier MB (morphologic-biologic) evaluation protocol for cervical precancer. {Note: Many laboratories still continue to use 
the Papanicoloau grading while more recent guidelines suggest the use of the Bethesda system (SIL classification). The prognostic implications 
of both systems in relation to biological classification has to await the results from experimental studies. Hence, both options have been 
shown.) 


Thus, HPV infection defined as the presence of HPV 
DNA or HPV DNA and E6 protein expression may not 
be sufficient for tumour progression. The argument is 
that the presence of DNA alone may not be enough to 
cause active infection because it could be episomal or 
otherwise non-productive. Protein expression would be 
a necessary requirement for HPV activity. However, 
protein expression, while a necessary step, may also not 
be sufficient as it may need to be complexed with p53 
(Brian Herman, University of North Carolina, personal 
communication). The latter aspect has been demon¬ 
strated elegantly in cervical carcinoma cell lines 
recently^"^. Using high spatial resolution imaging by 
confocal microscopy with double fluorescence staining, 
p53 and E6 were shown to have similar cytoplasmic 
distribution, implying that these two proteins may exist 
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as a cytoplasmic complex. To further substantiate this 
implication, these authors provided direct evidence of a 
close association between p53 and E6 within individual 
cells using fluorescence resonance energy transfer 
microscopy^. All these results, therefore, support the 
contention that inactivation of p53 by complex format¬ 
ion with E6 may be a critical step in the malignant 
transformation. 

Studies on p53 mutations in HPV-positive and HPV- 
negative cervical cancer cell lines have reported the 
absence of p53 mutations in HPV-positive samples, 
while HPV-negative samples showed the presence of 
p53 mutations^^"^^. These results suggest that HPV- 
associated cervical carcinomas will have the wild-type 
p53 gene, whereas tumours without HPV will have 
mutant p53. The mutations in p53 were located in highly 
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conserved regions and resulted in aberrant proteins that 
were not phosphorylated and were unable to complex 
with the viral oncoprotein^^. It has also been suggested 
that in HPV positive cervical lesions, p53 inactivation 
occurs via the known mechanism of association between 
HPV E6 and p53 proteins, whereas in most other 
tumours p53 function is altered by changes in amino 
acid sequence^^. Thus p53 gene mutations and HPV- 
mediated functional p53 inactivation serve the same 
goal. However, the clinical significance of the two 
pathways differ. HPV negative cervical tumours often 
have a poorer prognosis than HPV-positive ones^^. This, 
therefore, indicates that the different roles of p53 during 
the carcinogenic process (inactivation in HPV-positive 
tumors and mutation in HPV-negative tumours) have a 
prognostic significance. Yet another significant event is 
the level of p53 gene expression. A recent study 
provided interesting data of clinical significance^^. 
Levels of p53 mRNA were not found significantly 
different in HPV-negative and positive tumours. 
However, low mRNA levels were observed in advanced 
stages of the disease (stages III and IV). The authors, 
therefore, suggested low transcript levels of p53 to be 
associated with tumour aggressiveness. Alternatively, it 
may also be an evidence suggesting p53 to be involved 
in the early phases of cervical tumour growth. 

Conclusions 

The optimum staging system for malignant neoplasms 
should also relate to the natural history of the disease 
besides describing the extent of the disease. It should 
also be uniform, should facilitate the exchange of 
information, be useful in the evaluation of treatment 
results, be able to forecast an outcome and give a sense 
of prognosis. It is widely held that the current clinical 
staging and histological staging for cervical cancer may 
have limitations^^’^^. For example, group staging is 
ambiguous because it includes cancers of different 
natural behaviour. Two-dimensional definitions that 
utilize only the size and location of cancer do not 
necessarily predict its metastatic potential. Certainly, 
local spread and distant metastasis may have occurred 
long before they are discernable by clinical examination. 
The clinical significance of histologic grading of 
cervical carcinoma is controversial^^. Most authors use 
the modified three-grade system first suggested by 
Broders or modifications of Wentz-Reagan classifi- 
cation^^. Both these grading systems do not predict any 
clinical outcome^®. A similar, if not more important, 
problem is also evident with cervical precancers. 
Lesions at any point in the premalignant spectrum have 
been associated with subsequent invasion, reflecting the 
limitations of histologic grading for predicting the risk 
of malignant progression. As described earlier, it is with 
these limitations in mind that the American Joint 


Committee on cancer have called for a biological 
staging system to be integrated with the existing clinical 
and pathological grading systems^^. Research has 
revealed new markers that may improve our ability to 
estimate disease outcome. The development of 
intraepithelial neoplasia and biological behaviour of 
invasive cervical cancer has been associated with a 
number of molecular markers. Expression of these 
markers can be evaluated using refined techniques such 
as immunohistochemistry, in situ hybridization, southern 
blot and polymerase chain reaction Such prognostic 
markers will probably not apply to all stage groupings 
and their most important contribution will be for 
patients with early-stage disease. In addition, molecular 
evaluation will perform new roles for early cancer 
detection^^ We have hypothesized two such evaluation 
systems, one for cervical precancer and the other for 
invasive carcinoma (Figures 1 and 2). Though such 
recommendations may seem ambitious, we believe that 
the time is now ripe to elaborate and supplement the 
existing staging system. Molecular evaluation will thus 
have a vital role in the management of both cervical 
precancer and invasive cancer. 
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Darwin in his Origin of Species writes: ‘If it could be 
demonstrated that any complex organ existed, which 
could not possibly have been formed by numerous, 
successive, slight modifications, my theory would 
absolutely break down’. Looked at in this evolutio¬ 
nary perspective, human language behaviour would 
seem to pose a fundamental puzzle which we can 
term ‘the continuity puzzle’. For having language 
would seem to be an all-or-none state. There do not 
seem to be any intermediate states between having 
language and not having it. Unlike, for example, a 
complex modality like vision, we seem to be unable to 
divide the language modality into more or less self- 
contained functional modules. Therefore, we are 
unable to envisage the evolutionary history of the 
human language modality consistent with Darwin’s 
requirement of a complex modality arising out of 
incremental changes. Recently, Bickerton in his 
Language & Species has made a scholarly and serious 
attempt to come to grips with this ‘puzzle’. In this 
paper we look critically at Bickerton’s approach to 
resolving the ‘puzzle’ and argue that the funda¬ 
mentals of his approach are flawed and his thesis is, 
hence, untenable. We suggest alternate approaches 
to dealing with the language modality that might 
provide more acceptable ways of dealing with the 
‘puzzle’. 

Darwin' in his Origin of Species writes: ‘If it could be 
demonstrated that any complex organ existed, which 
could not possibly have been formed by numerous, 
successive, slight modifications, my theory would abso¬ 
lutely break down’ (p. 219). For, ‘natural selection can 
act only by taking advantage of slight successive varia¬ 
tions; she can never take a leap, but must advance by the 
shortest and slowest steps’ (p. 224). 

Looked at in this evolutionary perspective, human 
language behaviour would seem to pose a fundamental 
puzzle which we can term the continuity puzzle. Lan¬ 
guage behaviour sets human beings apart from all other 
animals. At the social level, communication competence 
is something that we may share with other animals. 
However, the language modality offers human beings 
behavioural possibilities which would seem to be 
unavailable to any other animal. If the characterizing 
aspects of behaviour in this modality are taken to be 
instructability and the capacity to reflect, then animal 
vocalizations and other means of social communication 
(e.g. chemical) definitely lack these two potentials. 


The essence of instructability is the capacity to tell 
how to do something rather than merely show how to do 
it. The ability to reflect using language enables one to 
analyse one’s own actions and those of others, or the 
state of the surrounding world, as well as one’s own 
internal states and, thus, to reason about them, draw 
inferences from them, and so on. It is unclear whether, 
without the symbolic representational and discourse 
capabilities inherent in human language, instructing and 
reflecting, as modes of behaviour in the above sense, 
would be possible. There would thus seem to be a great 
divide between humans and all other animals. What, 
then, was the evolutionary history of the human 
language modality consistent with Darwin’s thesis 
quoted earlier? 

Some scholars have tried to dismiss this continuity 
puzzle as a non-issue. Pinker^, for example, argues that 
the language capability could have developed after the 
human-chimpanzee split occurred in evolution. If true, 
then continuity could be sought for only among the 
species which were lineal evolutionary ancestors of 
modern human beings, and not among the derived 
species in collateral branches — e.g. the great apes. If all 
the lineal ancestral species of modern humans had 
become extinct, then looking for continuity among the 
non-human species is a pointless exercise. 

This argument is facile and misses the essential point 
of the ‘puzzle’. For, as Darwin again notes: ‘... We 
ought to find in the collateral lines of descent some 
evidence of such gradations; or we ought at least to 
be able to show that gradations of some kind are 
possible,..' (p. 236; emphasis added). From the 
perspective of all existing human languages, having 
language would seem to be an ail-or-none affair. At the 
level of human societies, there is no such gradation as 
having language more or less. In this sense, all human 
languages are equal in their potentialities. There do not 
seem to be any intermediate states between having 
language and not having it and, equally, there do not 
seem to be any differences between one human language 
and another in terms of what can be accomplished 
through their use, in principle. Existing inadequacies in 
vocabulary and grammatical structures can be readily 
compensated for through augmentations to meet the 
situational needs as they arise. (These assertions should 
not be confused with the developmental stages children 
go through in acquiring their first language. We shall 
consider the relevance of these stages to the continuity 
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puzzle later in our discussion.) It is this feature-that 
we seem to be unable to divide language into more or 
less self-contained functional modules - that lies at the 
root of the ‘continuity puzzle’. 

Vision as a counterexample 

This point about the critical importance of functional 
modularizability may be appreciated if we consider 
another complex behaviour modality, namely, vision. As 
Darwin himself notes: ‘To suppose that the eye, with all 
its inimitable contrivances for adjusting the focus to 
different distances, for admitting different amounts of 
light, and for correction of spherical and chromatic 
aberration, could have been formed by natural selection 
seems, I freely confess, absurd in the highest possible 
degree. Yet reason tells me that if numerous gradations 
from a perfect and complex eye to one very imperfect 
and simple, each grade being useful to its possessor, can 
be shown to exist; if further, the eye does vary ever so 
slightly, and the variations be inherited, which is 
certainly the case; and if any variation or modification 
in the organ be ever useful to an animal under changing 
conditions of life, then the difficulty of believing that 
a perfect and complex eye could be formed by natural 
selection, though insuperable to our imagination, can 
hardly be considered real’ (p. 217). 

In engineering terms, one can modularize the visual 
capability along a variety of dimensions. For example, 
light energy discrimination into: light/shade, grey scales, 
colour; shape discrimination into: blobs, silhouettes, 
contours, textured domains, 2D, 3D, and so on; again, 
movement perception versus time-elapsed snap-shots; 
and others. For a more elaborate discussion of the actual 
existence and evolutionary history of gradations of 
vision, see Reference 3, Chap. 4. It is precisely this kind 
of modularization that we are unable to make with 
respect to the language modality. 

Bickerton’s attempt 

Recently, Bickerton"^ has made a serious and scholarly 
attempt to come to grips with this continuity puzzle 
relating to the language modality. Using a somewhat 
different terminology ~ the paradox of continuity 
- Bickerton argues that the principal objective served by 
language is not communication but representation, i.e. 
a symbolic encoding of the world available to us (both 
the world outside and the world inside). His strategy to 
resolve the continuity paradox, then, is ‘to search for the 
ancestry of language, not in prior animal communication 
systems, but in prior representational systems’ (p. 23). If 
we succeed in establishing that the foundations needed 
for articulate language were already in place before the 
emergence of the hominid line, we can then concentrate 
on determining what additional features were missing 
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for the development of language as it exists now. It 
would then be sufficient to show that just these addi¬ 
tional features differentiate humans from our closest 
evolutionary neighbours - namely, the great apes. 

We shall present in the next section, in some detail, 
Bickerton’s attempt to resolve the continuity paradox. 
We shall see that Bickerton’s solution envisages the 
evolution of language in two stages; first, a trans¬ 
formation of the prelinguistic representational system 
into a protolanguage\ and second, a transformation of 
the protolanguage into language. Our subsequent dis¬ 
cussions will be concerned with analysing critically this 
solution of Bickerton to resolve the paradox. 

Bickerton distinguishes his protolanguage from full- 
fledged language purely on syntactic considerations. We 
shall argue that the stages in the evolution of language 
must be related not only to surface syntactic features but 
also to associated semantic and pragmatic capabilities. 
We shall see that Bickerton’s arguments do not offer 
any help in resolving the continuity puzzle. It would 
seem that radically different approaches to modelling 
language and language behaviour are needed. To this 
end, we shall list some neglected aspects of language 
behaviour, and some new ways of computationally 
dealing with language texts and speech that are coming 
into vogue. We shall tentatively suggest that under¬ 
standing the evolutionary implications of these might 
enable us to tackle the continuity puzzle more meaning¬ 
fully. 

Bickerton’s solution to the continuity puzzle 

Language as a representational system 

What any animal (including human being) knows of the 
world, it derives from the range of information from its 
senses. ‘This species-specific view of the world may be 
called the primary representational system of a crea¬ 
ture.... The most complex PRS derives from the same 
source as the simplest’ (p. 82). 

Bickerton argues that in the case of non-human 
animals, the sensorily processed outputs are directly 
linked to actions evolutionarily judged to be advan¬ 
tageous for survival. The PRS, as a whole, constitutes, 
as it were, a model of reality that serves to guide beha¬ 
viour. 

In the case of humans, the sensorily processed out¬ 
puts are mapped onto language-mediated interpretations 
which, via further processing at the language level, 
lead to action. This ‘interpreted’ additional level is 
the secondary representational system. According to 
Bickerton, the notion ‘concepts’ is properly applicable 
only to the language-mediated (and ‘interpreted’) views 
of the world. 

Concept words at the lexical level in a language are 
determined by the way the world is ‘carved’ by language 
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users. And this is based on perceived evolutionary 
advantages in one way of carving rather than another. 
Concepts are not passive mirror images of the world as 
it is. 

Protolanguage and language 

The human language developed in two stages. First, the 
animal representational systems culminated in a proto¬ 
language (PL). Through further genetic mutations PL, 
gave rise to language (L). PL is an articulated linguistic 
code (i.e. a language system) in its own right; PL is not 
a degenerate version of L. PL is to be contrasted, 
according to Bickerton, with languages associated with 
aphasia, which are really degenerate versions of L. 

More positively, Bickerton identifies four distinct 
examples of language performance that are instan¬ 
tiations of the use of PL: (1) ape language (i.e. the 
language produced by chimpanzees that have been 
taught the use of sign language); (2) the language of 
under-twos in the ontogenetic development of humans; 
(3) the language produced by children who begin to 
acquire their first language well past the critical period: 
(the specific instance considered by Bickerton is that of 
Genie’s^); (4) pidgin languages. 

We shall return to these instantiations in the next 
section and discuss in some detail Bickerton’s reasons 
for classifying them as PL and the tenability of his 
reasoning. 

Bickerton hypothesizes that PL became functional as 
the Homo erectus stage of human evolution. He believes 
that the transformation of PL to L took place in one 
step: there were no intermediate stages. Bickerton tries 
to substantiate these assertions by providing long, 
detailed evolutionary arguments. It would take us quite 
outside the scope of this paper to reproduce his argu¬ 
ments. Fortunately, as we shall see presently, for our 
immediate purpose we can ignore this part of 
Bickerton’s thesis. 

PL versus L: Characterizing features 

Bickerton enumerates five principled differences 
between PL and L. 

1. The surface sequencing of constituents (e.g. words) 
may vary both in PL and L. But in L, the particular 
sequencing used is determined by structural consi¬ 
derations which convey differences in semantics, 
emphases, thematic roles played by constituents, and 
so on. However, in PL, there is no underpinning of 
utterances by structural considerations and, there¬ 
fore, the ordering of constituents is idiosyncratic and 
not motivated. 

2. In the case of L, even though a constituent is not 
overtly present, the underlying syntax identifies the 
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notional presence of such null elements. There is no 
principled way of inferring the presence of such 
elements in PL. 

3. L has principled ways of identifying the subcate¬ 
gorized arguments of verbs (e.g. agent, patient, 
instrument, etc.). PL has no such means. 

4. There are syntactically well-motivated mechanisms 
for the expansion of utterances in L. For example, 
phrases can be expanded in principled ways: man, 
the man, the tall man, the tall man in the black coat, 
the tall man in the black coat at the street corner, 
and so on, open-endedly. Similarly, one can expand 
utterances by adding subordinate clauses. In PL, on 
the contrary, such productive mechanisms are not 
available. Complex phrases that occur in PL function 
like idioms and are possibly rote-learned. 

5. In PL, function words (i.e. grammatical terms) are 
either wholly absent or are found only as part of 
rote-learned phrases. PL seldom uses auxiliary verbs 
to express tense, aspect, class membership, etc. The 
reverse is the case with L in all the above instances. 

Bickerton’s argument is that ape language, the language 
of under-twos, the language of children whose first lan¬ 
guage acquisition is delayed beyond the critical period, 
and pidgin languages, are all characterized by features 
that are peculiar to PL, as listed above. 

Bickerton’s basic belief is that the PL/L distinction 
mirrors the ‘natural’ decomposition of language (L) into 
a lexical component (together with its hierarchic 
semantic underpinning) and a syntactic component, 
whose rule-based operations enable the generation of 
complex-structured utterances. (Bickerton seems to 
accept explicitly the correctness of the Chomskyan GB- 
model to characterize the syntactic component.) The 
utterances of PL consist of mere stringing together of 
words from the lexical component (without any under¬ 
lying rule-governed structure). Utterances of L, on the 
other hand, are explicitly rule-governed in their struc¬ 
ture and make use of both lexical and syntactic 
components. 

Validity of Bickerton's thesis 

As remarked earlier, we shall not concern ourselves with 
the second part of Bickerton’s argument which deals 
with the transformation of PL to L in the evolutionary 
development of the present-day human species. In the 
following sections, we shall offer some general criti¬ 
cisms of the foundations of Bickerton’s thesis that we 
have summarized above. The main thrust of our critique 
will focus on the distinction that Bickerton makes 
between the communicative function of language and its 
representational function. We shall then assess critically 
the tenability of the PL/L dichotomy and analyse 
whether, in fact, the language behaviours exhibited by 
chimpanzees, under-twos and delayed first-language 
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learners are of the same kind as Bickerton asserts and 
are exemplifications of their dependence on PL (rather 
than on L). Our critical assessment will lead to the 
view that the bases of Bickerton’s resolution of the 
continuity puzzle are flawed and cannot be sustained. 
Since, according to our critique, the PL/L dichotomy 
cannot be maintained, problems relating to the trans¬ 
formation of PL to L in the evolutionary context do not 
arise. 

Some general criticisms of Bickerton’s solution 

Communication versus representation using 
language 

As we discussed in the last section, the starting point of 
Bickerton’s solution to the continuity puzzle is the 
assumption that language is a representational system 
and not a medium of communication primarily. This 
polarization is based on a fundamental confusion. 
Language is both a communication medium and a repre¬ 
sentational system, at the same time. This is equally true 
of animal vocalizations. The difference between them 
resides in their potentialities. As emphasized earlier, 
instruct ability and reflection are modes of behaviour 
which are essentially predicated on the availability of 
the full potentials of language. As such, these modes of 
behaviour are available only to human beings and not to 
other animals. 

Closely related to the ability to instruct is the ability 
to describe or specify. All animals have capabilities of 
varying sorts to recognize the situational aspects of their 
environments. The sophistication of this recognizing 
capability varies over a wide spectrum - from the rigidly 
programmed to the highly flexible. However, animal 
vocalizations incorporate very restricted means for 
describing to others what an animal perceives, 
recognizes or feels. Vocalization among animals is made 
use of to indicate need states (e.g. hunger), affect states 
(e.g. anger), or for purposes such as warning of 
predators, ” ensuring mother-child bond, maintaining 
social organization and cohesion, announcing the avai¬ 
lability of food, and so on. The vocalization, thus, 
serves to manipulate the environment (i.e. other 
members of the community and foes) as well as to des¬ 
cribe it. However, animal vocalizations seem always to 
relate to aspects of the world (external or internal) that 
are present here and now. We do not have any evidence 
that an animal uses (or can use) vocalization to caution 
another animal (say, its young one) of potential threats: 
for instance, ‘when you go near the water-hole, watch 
out for tigers’. 

Secondly, the description provided by animal voca¬ 
lizations lack structure. The almost limitless particu¬ 
larizations possible in human languages are lacking in 
animal vocalizations. This is analogous to Bickerton’s 
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distinction no. 4 between PL and L that we discussed 
earlier. 

Language, according to Bickerton, constitutes an 
‘interpreted’ secondary representational system. A long 
time ago, Pavlov characterized language as a second 
signalling system. Without the language modality, one 
has merely the sensory-motor behaviour complex that 
directly relates to the external world and can deal only 
with ‘now’ and ‘what is out there’. But with language 
behaviour, one is able to separate out the sensory and 
motor complexes and mediate them via language. That 
is, one is able to refer to the sensorily apprehended 
aspects of the world and one’s own actions inde¬ 
pendently and talk about them in the language modality. 
In this w^ay, language becomes a second signal: a signal 
of signals. 

Through language behaviour, then, one is able to deal 
with a w^orld not necessarily immediately present to the 
senses. Through language behaviour, human beings are 
able to deal with worlds distanced from them in space 
and time. Moreover, they are able to deal not only with 
the actual world out there that is given, but also with 
(imagined) possible worlds and even counterfactual 
situations. With language behaviour, one is not 
restricted to performing actual experiments but can take 
recourse to ‘gedanken’ experiments. These are the 
essential aspects of the reflective mode of behaviour. 

Natural language, thus, serves both as a 
representational medium and as a discourse medium. As 
a discourse medium, language makes it possible to 
discourse on what has been represented using that very 
language. Natural language has a limited represen¬ 
tational capability if we demand that the represented 
content must be interpretable through fixed, pregiven 
interpretational techniques. But the discourse capability 
of natural language compensates for this represen¬ 
tational limitation by allowing new conventions to be 
introduced for interpretation assignment. Besides, other 
Rotational schemes and other representational techni¬ 
ques (e.g. diagrams, charts, maps, etc.) can be embedded 
in natural language to extend its representational 
capability. (It is important to realize that these kinds of 
extensions of the representational capability of natural 
language are not restricted to the written mode, but can 
also be carried out to a limited extent in the oral mode.) 

A given language, then, relates to a given world. 
Natural language behaviour at the naive level relates to 
the behavioural aspects of the commonsensical world of 
everyday-living of human beings. Artificial languages 
(e.g. predicate calculus) are constructed to cope with 
(i.e. describe, manipulate and explore) artificially 
constructed worlds. In scientific theorizing, for example, 
artificial worlds are constructed as formalized abstrac¬ 
tions of the aspects of phenomenology of the natural 
physical world. 

In Bickerton’s terminology, we have so far been 
concerning ourselves with his language L. If his 
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protolanguage, PL, is a language in the sense we have 
been discussing here (although restricted in its scope), 
then we would be justified in enquiring what is the 
nature of the world PL refers to. What are the kinds of 
descriptions, manipulations and explorations that can be 
carried out in PL with respect to the world it relates to? 
Since Bickerton identifies PL with ape language, 
language of under-twos, language of delayed language 
learners and pidgin languages, it would be appro¬ 
priate to investigate whether the worlds of concern to all 
these four categories of PL-users are comparable, and 
whether the semantics and pragmatics associated with 
PL-usage is comparable across these four categories of 
PL-users. We shall discuss these aspects in the rest of 
this section. 

Ape language 

In the last 30 years, several chimpanzees (and at least 
one gorilla) have been trained to determine whether they 
could be taught language-like behaviour. In two of these 
studies, the chimpanzees were trained to acquire 
artificially constructed languages exhibiting some of the 
fundamental characteristics of natural languages. In the 
rest of the studies, the experiments were based on the 
use of signs somewhat resembling ASL (American Sign 
Language), which serves as a natural language for 
interaction among the deaf in the United States. Detailed 
descriptions of these experiments have been published 
and are now available for comparative study. For 
references to these publications and also for a critical 
analysis of the more important studies, see Reference 6, 
Chap. 3. 

Is the behaviour exhibited by these great apes which 
have been taught ASL and other languages really 
language behaviour? This is a highly contentious ques¬ 
tion and the answers vary from the most optimistic to 
the most pessimistic. For example, Patterson^, the 
trainer of a female gorilla, Koko, claims that the latter 
used her signing behaviour to tell lies, to express her 
emotions and to refer to states and events displaced in 
time and space. On the other hand, Terrace et 
basing their claims on their carefully docu¬ 
mented experiments with a male chimpanzee, Nim, 
conclude that although Nim succeeded in learning 
individual signs, sequences of signs produced by Nim 
were highly repetitive and were not based on any 
underlying syntax. 

Bickerton asserts that ‘no evidence produced to date 
gives any support to the idea that apes could acquire 
syntax’ (p. 108). According to him, ape language 
sequences are mere strings of lexical items. Hence, he 
concludes that ape language is PL and not L. 

Two serious methodological problems have consis¬ 
tently plagued all these ape language experiments. 
Firstly, the practice adopted by the experimenters in 
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transcribing the sign vocabulary into English and 
presenting it in terms of English words gives rise to 
misleading implications. For example, to gloss a 
particular sign used by an ape as ‘please’ in English, and 
then actually to equate it with that English word, gives 
the impression that the signing ape actually intended 
that sign to convey the implication of a polite request. In 
other words, to what extent did the signs that the apes 
had learned play a second-signalling role in determining 
their signing behaviour? Taking an extremely negative 
view, Seidenberg and Petitto^ argue: ‘...a large propor¬ 
tion of ape signs can be interpreted without any special 
knowledge of apes or ASL because they are unlearned 
gestures and activities that are seen in the behaviour of 
wild apes.... [The training has merely resulted in the 
apes’ learning] a standardized system of gestures....’ 
(pp. 199-200). 

The second methodological problem was a pervasive 
one in the structuring of the v^vy experiments. Fairly 
early on, the experimenters realized that (unlike human 
children) apes did not (could not?) acquire the signing 
behaviour of their human partners through observation 
learning. Each specific sign had to be taught laboriously 
through an extended sequence of training sessions using 
operant conditioning techniques. Does an ape which has 
gone through years of intimate handling like this by 
human beings still remain a typical representative of its 
species? Hediger^^ has dealt with this question at great 
length in the context of the clever Hans phenomenon 
and makes many interesting observations. He claims, for 
example: ‘Through the catalytic efforts of man, 
extraordinary latencies have been activated [in the 
signing apes]. All these surprising activities would never 
have manifested themselves in. the wild’. Again: 
‘Through the catalytic effects of man, surprising 
changes and an increase in behaviour may be caused 
which surpass by far the genetically given ethogram of a 
species’. And finally: ‘With all wild animals with which 
we try to enter into conversation, we do not deal with 
primary animals but with anthropogenous animals - so 
to speak with artefacts - and we do not know how much 
of this behaviour may still be labelled as animal 
behaviour... .’ 

All these training and data limitations notwith¬ 
standing, the language behaviour of these signing 
chimpanzees did differ in significant ways from that of 
human children of comparable age. Language was 
hardly ever used as a tool for exploration; it was hardly 
ever used to describe on-going activities; it was hardly 
ever used to express anything more than their own 
immediate physical wants, and to a limited extent, their 
current affects. Needless to say, language was never 
used by these signing apes for any strategic purpose 
(e.g. to plan, reflect, socially manipulate, and so on). 

We have considered ape language in some detail 
because the possibility or otherwise of language 
acquisition by the great apes - especially, by our closest 
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neighbours, chimpanzees - is of central significance in 
tracing the evolutionary history of human language. In 
what follows, we shall deal with the cases of under-twos 
and delayed learners quite briefly. As far as pidgin 
languages are concerned, the users involved are adults 
who are already well-versed in a first language. From 
the viewpoint of behavioural pragmatics in the language 
modality, they must be as adept in their own first 
language as any normal language-using adult. The fact 
that pidgin displays peculiar features cannot make the 
pidgin-users PL-users. We shall, therefore, not consider 
this case any further here. 

Language of under-twos 

Bickerton claims that among humans, the language of 
under-twos does not formally, as well as materially, 
differ from ape languages. Under-two languages tend to 
be interpreted to form the initial segments of full- 
fledged languages because it is tacitly assumed that 
there should be a continuity in the underlying language 
mechanisms. Any shortfalls are exclusively attributed to 
‘maturationaP limitation. Bickerton’s assertion, on the 
other hand, is that under-two language is PL and not L 
at all. He sees this as a clear example of ontogeny 
recapturing phylogeny. 

In the last 30 years and more, enough work has been 
done in children’s acquisition of first language in a wide 
spectrum of language communities (including ASL 
learners) to disprove Bickerton’s contentions. To begin 
with, unlike chimpanzees, children acquire their first 
language without any systematic tuition. Children are 
adept at observation learning not only in the sensory- 
motor modalities but also in the language modality. 

Child development studies have established that from 
the very earliest stages of their lives, children engage in 
intentional behaviour. Towards the third quarter of the 
first year of their lives, children are proficient in 
engaging in planned actions made up of a complex 
sequence of subactions with well-defined means-ends 
relationships. They can seek the assistance of adults to 
perform actions beyond their capability. Their 
perceptual-motor repertoire is rich before they start to 
acquire their first words. They can recognize objects and 
agents, many of their properties, some of the relation¬ 
ships between their properties, recognize events, some 
of the relationships between these events, and so forth. 
Once they start acquiring language (in the 9th or 10th 
month of their lives), they very rapidly build up their 
vocabulary and use two-word and three-word utterances 
to mediate their interactions with all the above situa¬ 
tional aspects of their world. 

It is not correct to maintain - as Bickerton does - that 
under-two languages consist merely of structureless 
sequences of lexical items. Studies have repeatedly 
shown that children’s early two and three word 
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sequences already mark well-determined semantic rela¬ 
tionships between aspects of the world referred to in 
their speech. Also, the developmental sequence for the 
semantic relationships encoded in children’s utterances 
have been shown to be universal across languages, 
including ASL. A very detailed description (with 
references) of these and other features of first-language 
acquisition may be found in References 6 and 11. 

This universality of the developmental stages in 
children’s first-language acquisition is a clear indication 
that maturational factors play a determining role, despite 
Bickerton’s assertion to the contrary. If this were not 
true, one would expect to find idiosyncratic develop¬ 
mental stages - possibly depending upon culture, 
accidents of the learning contexts and so on. While it is 
tempting to believe that ontogeny recaptures phylogeny, 
it is difficult to see how the developmental stages of 
children’s language as we find them now could have 
made any evolutionary sense phylogenetically. 

Given all the evidences that we have now, we cannot 
but accept that the language of under-twos is the initial 
segment of L and is not PL. 

Language of delayed learners 

Genie, whose case^ Bickerton considers as a paradigm 
case of a delayed language learner, was locked up in a 
room from the 20th month of her life till she was past 
her 13th year. She was totally isolated from human 
companionship during this entire period. Subsequent to 
her release, she had to start acquiring language 
behaviour more or less from the beginning. The details 
of her language learning have been described in detail in 
Reference 5. 

Bickerton claims that Genie’s language rehabilitation 
was arrested at the level it was because that level 
corresponds to the PL-Ievel. The PL-level was a ceiling 
to her language acquisition because her language 
development started only after the critical period. 
Genie’s utterances, although they may seem more 
sophisticated, are no more structurally advanced than 
the language of apes and under-twos. 

The case of Helen Keller is an immediate counter¬ 
example to Bickerton’s ‘ceiling’ hypothesis. Helen was 
7 years old when the famous episode at the water-pump 
took place which could be considered the actual start of 
her language learning process. She went on not only to 
master the full-fledged English language but to read and 
write and acquire a University degree. 

It is worth noting here what would seem to be critical 
differences in the language learning experiences of 
chimpanzees and of human children. Ann Sullivan, 
Helen Keller’s teacher, emphasizes three aspects of 
Helen’s use of her newly acquired language skills from 
the very early stages of her language learning. These 
are: (1) the impulse to imitate; (2) the urge to tell others 
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one’s experiences; and (3) the capacity for role-playing. 
These three types of behaviour were precisely the ones 
not exhibited by the language-learning chimpanzees. 

Hewes^^ (see ref. 12) notes: ‘... It seems unlikely that 
pongid language can become self-sustaining without an 
environment providing consistently rewarding results for 
language use.... In the Homo sapiens ... language 
became self-rewarding, coming to function in greeting 
and leave-taking, play, ritual, etc., even where it had 
little propositional or predicative purpose....’ This is an 
important and insightful observation. Primitively, what 
is possibly of fundamental importance is the functional 
relationship between language behaviour and affect- 
between language behaviour and emotional and 
motivational states. 

Curtiss^, in her dealings with Genie, describes how 
one day to cope with the latter’s violent temper 
tantrums, she began to talk to Genie. She writes in her 
diary: ‘... To my amazement, Genie really began to 
listen to what I was saying... Our talking about what was 
upsetting her seemed to calm her down and ease her 
anger. She paid close attention to what I said, repeated 
my statements after me, reflected on them aloud, and let 
their import help her deal with her feelings... .’ 

There is no evidence that one can reach to the 
emotional core of chimpanzees through talk. It is this 
fact — that through language one is able to control the 
affect states in the one case, and one is unable to do so 
in the other - which, perhaps, profoundly differentiates 
human children from chimpanzees in their capacities for 
language learning. 

The validity ofPL/L distinction 

We seem to have succeeded in knocking down one by 
one all the props holding up Bickerton’s PL/L 
distinction. If utterances in PL, as Bickerton claims, are 
mere strings of lexical items lacking any underlying 
structure, then these cannot give rise to anything more 
than animal vocalizations in semantic and pragmatic 
import. As we saw earlier, animal vocalizations do not 
have the full-fledged potentials of human language that 
are needed for instruction and reflection — the two 
fundamentally important social and cognitive capabi¬ 
lities language endows human beings with. In this case, 
by merely mapping the primary representational system 
onto a protolanguage, there could not have been any 
evolutionary gain. It is difficult to accept, therefore, 
Bickerton’s thesis that PL was a phylogenetic stage in 
the evolution of L. 

Additionally, Bickerton is confronted with the 
problem of establishing structural correlations at the 
level of brain mechanisms for the distinctions he postu¬ 
lates between PL and L. He has very little to say about 
this issue in his book. Also, his assertion that PL to L 
transformation took place in one step without any 
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intermediate stages, makes this problem of establishing 
correlations of PL and L with underlying brain 
mechanisms even more intractable. 

Bickerton’s approach to resolving the continuity 
puzzle seems to have led us to a dead end. I suggest that 
to come to grips with the puzzle, we have to ask some 
radically different questions. For example: (1) Can we 
look for precursors of language in some other non- 
linguistic modality? (2) From an evolutionary point of 
view, how relevant are grammar-based models of 
language? (3) Can we think of non-rule-based models of 
language processing? (4) Can we find empirical 
supports to such alternate models and approaches to 
dealing with language behaviour? 

In the next (and concluding) section, we shall try to 
look for answers to some of these questions and tenta¬ 
tively suggest alternate approaches to come to grips with 
the continuity puzzle. 

Back to square one? 

Language versus language behaviour: the inadequacy 
of grammar-based models 

Bickerton is surprised that, while specialists in 
disciplines such as anthropology, philosophy, ethology, 
psychology, and so on, have been willing to speculate 
on the origins of language, linguists (who are centrally 
concerned with the study of language) have not bothered 
to examine this question. But the problem with many of 
the linguists ~ especially the more articulate and 
influential ones - is that they have a tendency to deal 
with language as an abstraction divorced from language 
use or language behavioural pragmatics. Chomsky, of 
course, has reified this distinction by postulating a 
divide between competence and performance, and 
arguing forcefully that competence (or, what he calls the 
knowledge of language) can be studied and formalized 
independently of language use. Grammars are formal 
systems that encapsulate this knowledge of language. 

Malinowski (the social anthropologist), on the other 
hand, a long time ago drew a clear distinction between 
the philologist’s approach to language as a vehicle for 
communicating thoughts and ideas, and the ethno¬ 
grapher’s approach to human speech as a social action, 
as a mode of behaviour. It is important to remember that 
when children acquire proficiency in the language 
modality, what they acquire is not language as a 
decontextualized formal entity, but language behaviour 
as a socially and culturally determined skill. Language 
behaviour enables one to describe various aspects of the 
world, both external and internal (i.e. express one’s own 
intentions, desires, wants, etc.), explore them, and 
command and control behavioural aspects (of others’ as 
well as one’s own). It is important, in this context, to 
note that the purely linguistic aspect constitutes only one 
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aspect of language behaviour. Prosody, gestures 
(including facial expressions), contextual clues, shared 
presuppositions, and a variety of other factors play 
determining roles in the successful use of language 
behaviour. The main flaw in Bickerton’s thesis is that he 
looks for a solution to the continuity puzzle exclusively 
in the linguistic domain. Maybe, the associated 
paralinguistic aspects are more important from the 
evolutionary point of view than mere words and 
sentences, dealt with in a decontextualized fashion by 
linguists’ grammatical models. 

Linguists’ grammatical models have other inade¬ 
quacies when looked at from an evolutionary viewpoint. 
Grammar is an all-or-none construct. It is not evident 
how a grammar could be built up by stages, in incre¬ 
mental steps, such that every member of a converging 
sequence of grammars is itself a valid (partial) grammar. 
It is also not clear how grammars could be augmented or 
modified incrementally in terms of particulars, that is, in 
terms of feedback from experience. These are precisely 
requirements a framework must meet if it is to model 
adequately the developmental stages children go through 
while acquiring language. These are also boundary 
conditions that must be met for natural selection in 
evolution to be effective. 

It has also been pointed out that linguistic theories do 
not explain how people understand ungrammatical 
sentences. This is something that we presumably do all 
the time. Clearly, the paralinguistic factors, the accom¬ 
panying context, shared background, and so on, help us 
to cope with ‘ungrammaticality’ in the linguistic 
domain. A grammar ■ intended for actual real-life appli¬ 
cations cannot afford to dismiss these accompanying 
facets of language use as irrelevant. 

Alternate approaches to natural language 
processing 

Computer scientists concerned with natural language 
processing (NLP) applications (particularly, mechanical 
translation (MT)) have become increasingly disillu¬ 
sioned with grammar-based (or rule-based) approaches. 

More than ten years ago, Nagao^^ argued that ‘man 
does not translate a simple sentence by doing deep 
linguistic analysis’ and proposed an analogy-based 
paradigm for mechanical translation. Nagao’s ideas 
during the last decade have led to the active exploration 
of a variety of non-rule-based approaches to MT. The 
most innovative of these is the ‘memory-based’ 
approach to NLP^"^. In this approach, rule-based analysis 
is replaced by recognition based on memory search. 
Input sentences are matched against all relevant data to 
find similar sentences in the database. If such sentences 
encountered earlier had gone through some kind of 
context-based analysis, then that experience can be 
sought to be analogically extended to cope with the 
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newly encountered sentence. The learning involved here 
is example-driven and not based on abstract rules. Such 
memory-based approaches clearly can be incrementally 
grown and also incrementally modified. 

It has been pointed out by workers in this field that 
rule-based models were favoured earlier not necessarily 
because, objectively viewed, they were the most 
appropriate models to cope with the task on hand, but 
the tool (namely, the von Neumann type of computer) 
was most effective in handling such models as opposed 
to memory search approaches. A clear case of the tail 
wagging the dog! But, with the availability of massively 
parallel systems and extra-large memories, it is becom¬ 
ing feasible now to investigate seriously memory search 
approaches. 

The importance of gesture 

In an interesting and highly significant review article, 
Goldin-Meadow and Mylander^^ discuss observations 
and experiments involving a set of profoundly deaf 
children of hearing parents who, during their very initial 
stages of first-language acquisition, had neither a 
hearing model nor a signing model available to them to 
guide their language development. Nevertheless, they 
improvized their own signing behaviour to communicate 
and also as a metalinguistic medium to refer to their own 
signed acts. The authors claim that this gestural medium 
improvized by these children displayed internal 
structures similar to those found in children’s early 
language behaviour (both of normal children and 
hearing-impaired ones learning ASL). The implication 
is that children have an intrinsic capacity to develop 
language-behaviour-like communicative and metalin¬ 
guistic skills. 

It is significant to note that in the absence of speech, 
gesture is the natural alternative mode for developing 
systematized language-like behaviour; in other words, 
gesture is marshalled to play a symbolic, rather than a 
mere miming, role. It is also highly significant to note 
that in the case of these children, the gestural 
communication efforts of their mothers did form a base 
for the children to build their own gestural systems on. 
in normal circumstances, gestures accompanying speech 
play a paralinguistic role and do not constitute a 
linguistic system. What does not seem to have been 
carefully analysed by the authors in the case of these 
children is whether the gestural means adopted by the 
mothers to ‘talk’ to their children were consciously 
moulded to play a more nearly linguistic role. Even if 
this had been the case, it is significant that the children 
innovated on this base to evolve an elaborate linguistic 
system in the gestural mode. 

In normal conversational interaction in the speech 
mode, gestures involving hands and facial expressions 
play a very important paralinguistic role. That is, they 
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aid in the coding/decoding of syntax, semantics and 
pragmatics at the same time. It was noted by Yerkes and 
Yerkes^^-quoted in Seidenberg and Petitto^ - that the 
apes’ modes of affective expression include: 

‘position, pose, and movements, often termed 
gestures, of the hand, trunk, limbs, extremities... . 
Particularly noteworthy are the so-called gestures 
made with the hand, limbs and extremities... .’ 

Seidenberg and Petitto^ add: ‘Existing naturalistic 
studies do not make clear whether these gestures involve 
pointing or other types of indexical reference’. It has, of 
course, been claimedthat gestures were precursors of 
speech, and gestural systems, precursors of speech- 
based language systems. 

Vygotsky^^ has argued that ‘gesture is the initial 
visual sign that contains the child’s future writing as an 
acorn contains a future oak. Gestures, it has rightly been 
said, are writing in air, and'written signs are frequently 
simply gestures that have become fixed...’. 

In the recent past, there has been much emphasis in 
aphasia literature on the need to study systematically 
and in detail how aphasics compensate for their 
inadequacies in their normal language performance in 
order to ensure successful accomplishment of their 
goals. For this purpose, it has been suggested^^ that 
detailed case studies of individual aphasic’s behaviour 
in various life-like pragmatic situations are likely to be 
more valuable than statistical group studies. It would be 
of much significance to study to what extent and in what 
manner gesture is involved as a replacement for speech 
to play a linguistic role. 

Are we back in square one, then? 

Yes. We are back in square one insofar as the continuity 
puzzle continues to remain very much a puzzle. It is not 
a puzzle that can bp wished away. For, as Pinker^ 
quoting Dobzhansky points out: ‘nothing in biology 
makes sense except in the light of evolution’. The 
biological bases of language and their development in 
the evolutionary context are unresolved issues of central 
importance. 

On the other hand, our critique of Bickerton’s solution 
to the puzzle has thrown up many promising alternative 
approaches to come to grips with the puzzle. But the 


lesson to learn is that, to tackle the puzzle meaningfully, 
wide interdisciplinary studies are needed. The puzzle is 
unlikely to be resolved by linguists qua linguists. For, in 
the ultimate analysis, it is not a purely linguistic puzzle 
in the narrow sense. 
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By considering the measurement of a quantum spin 
by two different models of the measuring apparatus, 
we try to throw some light on the nature of the 
apparatus that can perform quantum measurement. 
Our scheme is to consider a quantum spin in 
interaction with another quantum system playing the 
role of an apparatus, which in turn is dissipatively 
coupled to an environment. The coupling with the 
environment drives the density matrix of the 
apparatus to a diagonal form. However, measure¬ 
ment is performed only when the reduced density 
matrix of the apparatus contains correlations with 
the states of the spin. The two examples considered 
here show that this happens when the quantum 
apparatus has a well-defined classical limit. If the 
apparatus does not have a well-defined classical 
limit, the reduced density matrix of the apparatus is 
not correlated with the states of the measured 
system. 

In spite of the remarkable success of quantum theory, its 
measurement aspect remains a profound interpretational 
difficulty. Quantum mechanics, it seems, fails to provide 
a natural framework to accommodate our familiar 
classical perceptions. At the heart of quantum mechanics 
is the state vector ly/), a mathematical entity', which 
contains all possible information about the system to 
which it is attributed. The time evolution of the state 
vector is via the Schrddinger equation. However, in 
spite of this apparent determinism, a knowledge of {yr) 
does not ensure a precise knowledge of the ‘observable’ 
properties of the system, the kind we are familiar with in 
the ‘classical’ world, e.g., position, momentum, etc. 
These dynamical variables are represented in quantum 
mechanics by linear hermitian operators, which act on 
the state vector. An operator A corresponding to a 
dynamical quantity A is associated with eigenvalues afs 
and the corresponding eigenvectors (a/), the latter 
forming a complete orthonormal set, so that any 
arbitrary state vector \y/) can be expanded as a linear 
superposition of these eigenvectors, i.e., \y/) = 'Zi Cj \a,). 
The basic postulate of quantum mechanics is that a 
measurement of A can yield only one of the eigenvalues 
a/, but the result is not definite in the sense that different 
measurements for the same quantum state \y/) yield 
different eigenvalues. Quantum mechanics predicts the 
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probability of obtaining the eigenvalue aj to be |c/p. 
This also implies that if the state \y/) was one of the 
eigenstates |a/), then the result of the measurement is 
definitely a,. The general state \y/) can well be expanded 
in any basis which may form the complete eigenfunction 
set of any other ‘observable’, whose observed values 
and their probabilities can be calculated similarly. Thus, 
we see that the state vector contains familiar ‘classical 
properties’ only as ‘potentialities’ which emerge only 
when a measurement is performed. Familiar classical 
perceptions are only potential outcomes of a measure¬ 
ment on a quantum system, they are not a part of the 
quantum mechanical framework. We now consider the 
actual measurement process, in which a system is 
brought in contact with an apparatus. This process is 
visualized in the following way. The interaction with an 
apparatus purporting to measure A forces the state \y/), 
which, in general, is a linear superposition of the 
eigenstates {|a/)}, to go into one of the states \ak) and 
yield Ok as the measured quantity. Clearly, such a 
collapse cannot occur if the apparatus is also another 
quantum system, since under those conditions one would 
have the unitary evolution of the combined quantum 
state of the system and the apparatus. This should again 
result in a quantum state which can be regarded as a 
superposition of states in any number of ways. This 
means that the act of measurement which inevitably 
requires a sudden collapse of the state vector to one of 
the eigenstates of the dynamical operator falls outside 
the realm of quantum mechanics. 

There have been several attempts to understand and 
explain the measurement process^”^. Among the earliest 
explanations is the Copenhagen interpretation proposed 
by Niels Bohr^, which requires the presence of an 
external classical apparatus to cause the ‘collapse’ and 
hence a measurement. The theory cannot explain the 
actual mechanism of the collapse and the ambiguous 
border between ‘quantum’ and ‘classical’ world makes it 
unsatisfactory. The many-worlds interpretation of 
Everett"^ and De Witt^ treats the entire universe as a 
quantum system, having one state vector which 
‘branches out’ with every interaction. The theory does 
away with classical concepts completely and ‘potential 
outcomes’ are accommodated by the branches of the 
wave function, the observer being conscious of only one 

CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 



RESEARCH ARTICLES 


branch. The theory, however, fails to provide a 
convincing answer as to when the branching occurs and 
remains highly controversial. The statistical interpreta¬ 
tion of quantum theory treats the quantum-mechanical 
formalism as merely a description of our information 
about the ‘ensemble’ in question. Although the theory 
provides an alternative way of looking at quantum 
mechanics, it fails to explain the bahaviour of a single, 
specific system. Thus, one can see that in spite of 
intensive efforts, there have been severe difficulties with 
most theories. Can the measurement problem be under¬ 
stood and resolved within the framework of quantum 
mechanics, thus making quantum theory truly self- 
contained? 

An interesting line of investigation to resolve this 
issue was initiated by Zeh^, who observed that the 
measurement apparatus, being macroscopic, is never 
isolated from its environment. The closely-spaced levels 
of a macroscopic apparatus make it very susceptible to 
the influence of the environment. This is an important 
observation and forms the basis of the ‘environment- 
induced decoherence’ theory^"^ for the measurement 
problem. At this point one should clarify' the dissipative 
role of the environment. When the interaction of a small 
quantum system with a large quantum system is 
considered, and one monitors the density matrix of the 
small system only, one sees the monotonic time decay of 
the off-diagonal matrix elements of the reduced density 
matrix. These are actually arising due to the super¬ 
position of a large number of harmonic terms, viz., 
Xy=i aj exp(imy /), which, under the condition that Wj are 
closely spaced and that the number of terms n is large, 
gives rise to apparent decays in the short time limit 
t T, where T is the characteristic ‘recurrence’ time 
for the periodic function. However, T can be astrono¬ 
mically large even under mild conditions of w ~ 1000, 
and Am - 10”^. Thus, a quantum system coupled to an 
environment consisting of a large number of degrees of 
freedom behaves like a classical system in the sense that 
at time scales of interest its density matrix is diagonal. 
Zurek^’ ^ has applied this environment-induced decohe¬ 
rence idea to consider measurement by allowing the 
apparatus to interact with an environment. 

In the following, we take another look at Zurek’s full 
quantum-mechanical treatment of the measurement 
problem^’The model consists of a spin-1/2 quantum 
system interacting with a two-level quantum apparatus, 
which in turn is interacting with an environment 
modelled by a large number of degrees of freedom. An 
analysis of the model reveals difficulties with Zurek’s 
treatment, and we show that his model does not really 
accomplish a measurement of the spin state of the 
system. We then analysea Stern-Gerlach-type 
apparatus, in which a spin measurement is made by 
measuring the trajectory variables of a particle obtained 


by letting the position variable of the particle interact 
with an environment. We feel that the main point of 
difference in the two examples considered is that in the 
first case the apparatus does not have a classical limit, 
while in the latter it has a classical limit. 

We now note some general features of both the 
models. The Hamiltonian of the entire system can be 
written as 

//=//s + //a + ?/e + /^sa + //ae, (1) 

where the subscripts S, A, E stand for system, apparatus 
and environment, respectively, Hs etc. denote the 
Hamiltonians for the individual components, and //sa 
etc. denote the interaction Hamiltonians between the 
components. If a dynamical variable O belonging to S is 
to be measured, then O commutes with H. Further, O 
appears linearly in //sa- 

Analysis of Zurek’s model 

The system-apparatus-environment model considered 
by Zurek^’^ consists of a spin-1/2 system, a spin-1/2 
apparatus and an environment which contains a large 
number of spin-1/2 systems. | T ), | i ); |±), |T); and {|±)^, 
1+)^} represent the basis states of the system, apparatus 
and the environment, respectively, cj, L and [Jk) denote 
the Pauli spin operators for the system, apparatus and 
environment spins, respectively. The mechanism of 
measurement is via a two-stage process. In the first stage 
the system and the apparatus are allowed to interact, the 
time evolution being via the following Hamiltonian: 

HsA = g(yzLy, ( 2 ) 

where g is the strength of the coupling. One can see that 
the Hamiltonian evolution transforms an initial direct 
product state of the system-apparatus 

Iv^(0)> = (a| T ) + z^l i)) 0 (c|±) + d\+)), (3) 

where the system and the apparatus are in general 
superposition states (a| t)-!-/?] )) and (c|±) + <i|+)), 

respectively, to 

IV/(/)) = ^1 T > (c|±>e"^^' + ^lT)e^^^) + b\ i) (c|HP)e-‘^^ 

+ ^/|±)e^^'). (4) 

Zurek considered the special case in which c = d = 1/V2, 
i.e., the apparatus is initially in the known state 
(|±) -h |+))/'V2. At a specific time t = tf= n/4g, 

IV'af)) = (<^it>i±) + i.|i)|+))W2. (5) 
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It should be noted that lv^(/f)) contains definite 
correlations between the system and the apparatus 
states, but at any other time Iv^'CO) contains overlaps of 
the apparatus states. The first stage of Zurek’s treatment 
terminates at the special state (5), after which the 
system-apparatus interaction is switched off In the 
second stage the apparatus-environment interaction is 
switched on via the Hamiltonian 

n n 

( 6 ) 

where 0/ denotes a unit operator, g^’s are the coupling 
strengths and n is the total number of two-state systems 
constituting the environment. The initial state is taken to 
be the correlated state (5) of the first stage and a direct 
product with a general 'environment state’^. The density 
matrix is a convenient formal tool for studying the time 
evolution of the system. Zurek^ shows that in the large¬ 
time limit and as « the density matrix describing 
the system-apparatus combination reduces to 

p = |^f lT>(T||±><±l + |6|2|i)(ii|+)(+i, (7) 

which is a diagonal density matrix with one-to-one 
correspondence between the spin and the apparatus 
states. An up-spin corresponds to the |±) apparatus state 
with a probability \a^ and a down-spin corresponds to 
the 1+) apparatus state with probability |^|‘. 

It is obvious that the success of the above scheme is 
crucially dependent on the precise time at which the 
interaction of the first stage is terminated. Our approach 
is to look at the combined time evolution of the system- 
apparatus-environment setup. This approach is more 
realistic as it does not require the termination of any 
interaction at a specific time. The complete interac¬ 
tion Hamiltonian for looking at the combined evolution 
is //=//sa + ^ae- This Hamiltonian can be 
diagonalized. If ^ = ±1, and /tit ='-hi denote the 
eigenvalues of (j~ and 7^., then the eigenvalues of H are 
given by £( 5 , {/ii}) = ±7{g2+/2 ); f='LkgklJ-k- The 
reduced density matrix of the system and the apparatus 
after tracing over all the environment variables is given 
as 

Pr = lt)<Tl+lz.p |ixii)(i±)(±i+i+x+i) 

+ sine^ sinilE^t) i\a\^ |t) (t] - \b\^\i) (i|) 

X (1+) <+| - |±) (±1) + (W" It) <Tl + 161^ |i> <il) 

X [(cos(2£^0 - i sin(2£^0 cos 9^) |±> <+| + C.C.] 


+ [ab* |t) {i| e'‘°''{(cos 0^^ + i sin 9^ cos (2E^t)) 

X (1±> <±| + |T) <+|) + (i sin 9 ^ + cos 9 ^ cos(2£:^ 0) 

x(|±)(+| + iT)<±l) + isin(2£^/) 

x(|+)(±|-l±)(+|)}+C.C.]}, (8) 

where is the short-hand notation for E(s, 
t2in0^ = g/f, and C(/x)’s are constants dependent upon 
the state of the environment given by the variables {/xj. 
The summation is over all possible 2” values of the 
variables, in the large-time limit the reduced density 
matrix becomes: 

Pr = (kP iT><T|+|6p liXil) (|±)(±|+|+)<T1). 

(9) 

Result (9) is significantly different from Zurek’s result 
(7) in the sense that although the environmental 
influence does drive the density matrix of the system 
and the apparatus to become diagonal (overlaps between 
apparatus states disappear), there is no one-to-one 
correlation between the states of the system and those of 
the apparatus. The measurement of spin is clearly not 
accomplished by using a two-state quantum apparatus 
coupled to a bath of many two-state systems. The above 
treatment demonstrates that for the model considered, 
'environment-induced decoherence’ is not enough to 
perform a measurement in the sense of a one-to-one 
correlation between the system and the apparatus states. 
We believe that the failure of this scheme has to do with 
the fact that the measuring apparatus is itself a quantum 
tw'o-level system which has no well-understood classical 
distribution for the range of ‘pointer states’. For such 
models, the correlations between the system and 
apparatus states are transitory as seen above. 

A model for spin measurement - 
The Stern-Gerlach apparatus 

Our analysis of Zurek’s model motivates us to examine 
an apparatus w’hich has a well-understood classical limit. 
We consider a model of the Stem-Gerlach apparatus for 
spin-1/2 measurements. The measurement of spin here is 
done via the trajectory (position, momentum) of the 
spin-carrying particle. The spin constitutes the system 
and the position/momentum degrees of freedom of the 
particle, the apparatus. Further, the particle is coupled to 
the environment via its position. The Hamiltonian of the 
combined setup is^^ 

^SAE ~ p^l{2m) -f- Zov 4- EXCFz + //aE + -^E* (1 
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Here x and p denote the position and momentum (taken 
in one dimension for convenience) of the particle, X(Jz 
the Hamiltonian of the system, e the product of the field 
gradient and the magnetic moment of the particle, Hp^ 
the interaction of the environmental degrees of freedom 
with X, and denotes the Hamiltonian for the 
environmental degrees of freedom. The £xov term gives 
the force on the particle, whose direction depends upon 
the spin direction. The particle spin (system) does not 
interact with the environment. As before, our aim is to 
study the time evolution of the reduced density matrix of 
the system, from which the environmental degrees of 
freedom have been traced out. Such an equation for the 
reduced density matrix has been derived in a number of 
ways earlier^ The heat bath (environment) can be 
visualized as a collection of harmonic oscillators and the 
Feynman-Vernon influence functional technique^^ can 
be used to obtain the expressionfor the reduced 
density matrix. In the limit of high temperature the 
expression for the reduced density matrix is then seen to 
be a solution of the above-mentioned density matrix 
equation. The high-temperature limit is necessary since 
we are looking for classical features to emerge as a 
measurement, and earlier work^^’^^ has established the 
emergence of classical solutions at higher temperatures. 
The time evolution of the density matrix is studied^^ in 
the \s, x) representation, where 1 ^) refers to the 
eigenstates of ov and |x) are the position eigenstates. 
Corresponding to the four elements of the spin space 
(TT, nInL, T nI, It ), the equations for the elements of the 
reduced density matrix p(x, y, t) for our Hamiltonian are: 


-^(x - y)^ Pod (.x,y, t) ± -^Pod 0, 

( 12 ) 


for the spin-off-diagonal elements and with + (-) 
for (Pit)* Here 7 is the Langevin friction coefficient 
and D has the interpretation of the diffusion coefficient 
in momentum space. In the case of a heat bath of 
harmonic oscillators at temperature T, Z) = 2ymk^T. The 
physical significance of the solution can be clearly 
understood if we choose the following Gaussian wave 
packet of mean momentum p and width a for the initial 
condition: 


IV/(x,0)> = 


—^i 7 2 -exp[i px-x^Ho'^ Kalt) + Z)|i)). 


(13) 


This initial state corresponds to the wave packet 
describing the particle entering the setup. In a recent 
work^® we have obtained exact solutions for these 
equations. The solutions in momentum and position 
representations are of special physical significance since 
they are connected to what we would actually observe in 
the Stern-Gerlach experiment. Consider the solution in 
the momentum representation, u and v being conjugate 
to X and y. Identifying Q = u~v and q = {ii + v)l2, the 
solution of ( 11 ) is 


Pd ( 2 , 


1 ^ J 

[ -1 r 


[N(r)[ 




■e-^) 


dpd {x,y,t) ^ -h 
lim 


dt 


dx'^ dy^ 

\E{x-y) 


h 

-Tix-y) 


Pd(.x,yj) 
Pd(x,y,t) 

Pd(x,y,t) 


d__± 

dx dy 


D 
’ Ati^ 


ix-y)^piix,y,t). 


( 11 ) 


for the spin-diagonal elements p„ and with -i- (-) 
sign forp„ (Pu); 


dpodix,y,t) _ -n 

dt lim 


dx^- dy^ 


Pod(.x,y,t) 




-r(x-y) 


dx dy 


Podi.x,y,t) 


e-^l-e-O- 


yQD 

Ahy^m 


\tiQ 

la^my 

_^n-e-n2+^ 


(l-e-02 


(2T-3 + 4e-'^ -e-2^) 


Dr 

2w^7^ 

ipfiisr 

-( 1 -e ^)4--r- 

my my^ 


2 , 


my^ 

where 

N{x) = {DI2h^y) (1 - e~^'^ + (1/cr^) e“^^, 


(14) 


(15) 


and the solution of (12) in momentum Q and position 
r — {x-y) is 
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, -x^e'^D \^2iXt 

Pod(a^o=exp ®^p|±— 


xexpi—7 7^(l-e-2'r) + -^-e~ 2 ^ 
4 h^Y (t2 


•- £D 

+ lpe~^^— 

Y^tno^ 


-2(l-e-0)±^^ /•-! -5r-(l-e-02 

h^my 4[<j2 


;(4T-3 + 4e"'^-e-20 ko 


become diagonal. The measurement aspects become 
clear if we look at the momentum distribution function, 
which corresponds to the diagonal elements (Q = 0, 
2 / = I?) of eq. (14), as / oo: 

p,(0,.,.,).fr(»)F = 2^exp|;^ 


— _ £ 

X w+z?e“^+-—(l-~e“^) 
tiy 


The momentum distribution function is centred around 
£/hy (-elhy), which clearly corresponds to up (down) 
spins. The density matrix of the combined system at any 
time is 


+ i/?(l-e-0-- 


2r±^ (l-e-^ 

y^m j 


p = \af\t)(r\p,, + \b\^ |i) (i|p,, 

+ ab* |t) (i| + a*b |-i> (T| p^^ 


4ft2y'' ^ ’ 


/ 21 rN 'IXJ. 

x(T(l + e-^)-2 )±—:t-7+7T-7 ro 

Ih^my^ tfimy^ - 


where 


xexp 


4 JJ’ 


rg = Qhimy ± lExImy^ + Idmy^. 


(16) 

(17) 


First we note that pod (2, r, t) approaches zero for large 
T as 6“^^^ for any value of its arguments, establishing 
that the spatial overlap of wavefunctions corresponding 
to different spin components vanishes. This happens 
over a time scale 


t, = {3myfrl2ik^T)^'^\ (18) 

For the diagonal part Pd, one sees that as ©o, the 
momentum-off-diagonal components u^v) 

vanish, reducing pd to a diagonal form in the momentum 
space. This happens over a time scale: tm = myf2k^TQ^, 
where Q is the extent of momentum space off- 
diagonality. However, this is a classical time scale of 
momentum relaxation. If one looks at the spatial 
transform of (14), one can see that^^ the spatial off- 
diagonal parts rapidly decay on a time scale 



r being the spatial separation, even though the density 
matrix in the position representation does not eventually 


where and p^^ are given by (14) and p^^ and p^^. are 
given by (16). Since p-^^ and Pj^^^ go to zero with time as 
and ptt and p^^ become diagonal in the 
momentum space, the density matrix (21) at large times 
is spin-diagonal and also diagonal in momentum. 
Moreover, the probability weights are in accordance 
with the quantum-mechanical predictions. Thus, the 
measurement of momentum has ensured a measurement 
of the spin state of the particle and the ‘momentum 
basis’ emerges as the ‘preferred basis^’It can be 
easily seen from the Fourier transform of (14) that the 
density matrix in the position representation has off- 
diagonal elements which do not vanish at long times. 
However, even here the superposition effects are 
confined to regions comparable to the de Broglie 
wavelength of the particle in question, which is of little 

1 Q 

consequence for a macroscopic particle . 

The significant aspect of this model of measurement is 
that it occurs via environmental decoherence which does 
not happen instantaneously but rather over a finite time. 
So, it is important to analyse the time scales given by 
(18) and (19). Both the time scales involve two 
macroscopic parameters, namely, the temperature T of 
the environment and the dynamical friction coefficient y. 
For a particle larger and more massive than the particles 
constituting the environment, y- GTtrjalm, where a is the 
radius of the particle and rj the coefficient of viscosity 
of the medium. So, in this situation the time scales 
become independent of the mass of the particle. To 
make an estimate of the time scales for atomic scale 
particles, we make the following plausible assumptions: 
rsio'^s"', mSlO“^^g, 7= 300 K, Q s lO^cm'', 
es 1 eV/cm and r = 100 A. This gives 10”’^ s, 
4 s 10"’° s and = 10"° s. 

A possible way to test these ideas is to consider the 
spin recombination interference experiments in which 
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the first Stern-Gerlach apparatus (SGA) splits the spin- 
1/2 beam and the second one recombines these split 
beams in a reversed magnetic field. If in this setup, a 
certain amount of gas is introduced to decohere the 
positional wavefunction of the spins, the following 
consequences emerge. When an x-polarized beam is 
passed through the first SGA, the beam splits into two z- 
polarized beams which have partially decohered 
(depending upon the time of passage). As these beams 
pass through the second SGA, the recombined beam will 
no longer be one with jc-polarized particles but will 
contain a statistical mixture of up and down z-polarized 
beams as well as an x-polarized component. A 
quantitative study of the effects induced by varying the 
pressure of the gas may provide an understanding of the 
decoherence time scales and the decoherence theory in 
general. 

Summary 

Our analysis of two specific apparatus models reveals 
some important aspects of the measurement process. A 
full quantum-mechanical treatment of Zurek’s model 
shows that although there is dephasing of the apparatus 
states due to dissipative coupling with the environment, 
there is no one-to-one correlation between the states of 
the system and that of the apparatus, and hence no 
measurement. This result is interesting because it 
suggests that for a measurement to take place it is not 
enough to have an apparatus coupled to a large 
environment as it does not ensure correlations between 
the system and the apparatus states in the reduced 
density matrix. The reason for the absence of a one-to- 
one correlation can be traced back to time-dependent 
state vector of the combined system-apparatus, where 
the system-apparatus correlations are oscillatory in 
nature. We feel that the reason for this feature is the 
absence of a classical limit for the apparatus in the sense 
of the correspondence principle. Our analysis of the 
second model, that of a Stern-Gerlach apparatus, 
strengthens this belief In this case the apparatus clearly 
performs a measurement of spin'^, the measuring 
variable being the particle momentum, which has a well- 
defined classical distribution. This conclusion is much 
on the lines of the Copenhagen interpretation^, which 
requires the measuring apparatus to be necessarily 


classical. Here we have been able to provide a scheme 
of incorporating the concept of a ‘classical apparatus’ in 
a purely quantum formalism, and demonstrate that a 
quantum apparatus having a classical limit, when 
dissipatively coupled to an appropriate environment, 
does perform a measurement. 
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Even nucleic acids with 2',5'-linkages facilitate 
duplexes and structural polymorphism: Prospects 
of 2',5'-oligonucleotidcs as antigene/antisense tool 
in gene regulation 


V. Lalitha and N. Yathindra 

Department of Crystallography and Biophysics, University of Madras, Madras 600 025, India 


Nature of sugar-phosphate linkage (3\5* or 2',5') in 
DNA is found to influence differently the sugar- 
pucker dependent intrachain phosphate ... phosphate 
separations. A new concept of ‘compact’ and 
‘extended’ repeat nucleotide is introduced to unify 
DNA duplex generation of both linkages. Adaption of 
this concept results in stereocheraically favourable 
canonical 2',5'-DNA duplexes (A, B & Z) and 
triplexes. Resemblance of mixed strand duplexes and 
triplexes to regular 3',5'-isomers together with the 
high resistance of 2',5'-linkages to nucleases advocate 
their potential utility as antisense agents. Topological 
similarities of 2',5'-duplexes as well as exhibition of 
structural polymorphism akin to 3',5'-DNA, there¬ 
fore, leaves open the question of Nature’s choice 
of 3',5'-linkages for information storage and 
transfer, to reasons other than the helix-forming 
ability per se. 


The sugar-phosphate linkage in nucleic acids can be of 
either 2',5' or 3',5' type. The former occurs rarely in 
nature, during intron splicing^ and also in interferon- 
treated cells'*^. Although it is the most abundantly 
formed linkage under simulated prebiotic conditions'^, 
the preference of 3',5'-linkages in nucleic acids is 
attributed to the inability of 2',5'-linkages to promote 
duplex structures^’ A critical examination of the 
stereochemistry of 2',5'- and 3',5'-linked nucleoside 
diphosphates reveals a hitherto unrecognized inverse 
relationship between nucleotide geometry and nature of 
phosphodiester linkage. A C3' endo sugar leads to an 
extended nucleotide backbone with 2',5'-linkage, in 
sharp contrast to a compact backbone with 3',5'-linkage. 
A similar contrasting behaviour is found with respect to 
the other commonly occurring CTendo sugar pucker. 
Recognition and adaptation of these distinguishing 
stereochemical features readily facilitate Watson-Crick 
paired duplexes of the types feasible with 3',5'-linkages 
as also with 2',5'-linkages. They exhibit topological 
features and conformational polymorphism similar to 
their 3',5'-linked helices and most importantly also 
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facilitate drug binding in the minor groove and protein 
ligands, as well as triplex formation along the major 
groove in the extended B-type helix. The equivalent 
RNA duplex (3'-oxy) favours only the compact A-type 
duplex just like its 3',5'-linked RNA helix. Therefore, 
factors other than the presumed inability to form 
duplexes may be responsible for the absence of 2',5'- 
linkages in nucleic acids. Stereochemical permissibility 
of 2',5'-duplexes endowed with high resistance to 
hydrolysis by most of the nucleases^ brings out their 
prospective role as antigene and antisense tool. 

While the propensity of 3',5'-linkages to readily 
promote duplexes is well documented, no compre¬ 
hensive evidence exists in relation to 2',5'-linkages. A 
few reports based on experimental^"^'^ and theoretical 
investigation^^’ provide contrasting evidence. Early 
CD and NMR studies^’on di- and tri-nucleoside 
phosphates gave indications that 2',5'-phosphodiester 
linkages form compact structures similar to 3',5'- 
linkages. Several 2',5'-oligoribonucleotides are shown^^ 
to associate into Watson-Crick paired antiparallel 
duplex structures, although with a much lower stability 
compared to the corresponding 3',5'-linked duplexes. 
Recently, it has been concluded^'^ that 2',5'-oligo- 
deoxynucleotides do not associate to form a duplex; 
instead, they associate to form triple helix at high salt 
concentrations. Crystallographic studies carried out on a 
couple of self-complementary 2',5'-dinucleotide mono¬ 
phosphates have been on acid forms of A'^pU^ and 
GpC^^^, which obviously do not facilitate Watson-Crick 
•paired duplex. Interestingly, a parallel acid duplex is 
found to be formed by CpA^^, similar to its 3',5' 
counterpart^^. Theoretical studies, on the other hand, 
have suggested the possibility of mini but not extended 
polymeric duplexes^^, and a hybrid possessing features 
of both A- and B-type is proposed^^ instead. With a 
view to elucidate helix-forming ability, or the lack of it, 
of 2',5'-linked polynucleotides and to gain further 
understanding of nature’s preference for 3',5'-linkages, 
we report here the results of model building efforts that 
incorporate certain stereochemical features intrinsic to 
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Figure 1. Structure of nucleoside 2',5'>diphosphate (a, c) and nucleoside 3',5'“diphosphate {b, d) for 
Cyendo and CTendo sugar puckers, respectively. Note the inverse relationship between the sugar 
pucker dependent P.,.P separation (compact vs extended) and the phosphodiester linkage (2',5' vs 
3',5'). All the C-0 bond torsions correspond to 180°. 


their repeating nucleotides that are different from the 
naturally occurring 3\5'-linked nucleic acids. 

Figure 1 shows the molecular structure of 2',5'- and 
3',5'-nucleoside diphosphates for the two predominantly 
occurring sugar ring conformations, viz. C3'endo (^E) 
and CTendo (^E). A comparison readily reveals that 
there are fundamental differences in the shape of 
nucleotides, manifested in the adjacent P... P 
separations between the two systems. With 2',5'-linkage, 
a CTendo (Figure 1 a) sugar produces a compact 
nucleotide (P ... P = 5.9 A), while the same sugar 
generates an extended nucleotide with a P ,.. P 
separation of 7 A with 3',5'-linkage (Figure 1 b). 
Likewise, a C3'endo sugar (Figure 1 c) develops into an 
extended nucleotide (P ... P = 7.5 A) with 2',5'-linkage 
and a compact one (P ... P = 5.9 A) with 3',5'-linkage 
(Figure 1 d). These conspicuously contrasting 
behaviours, although appearing to be trivial, have not 
been recognized and are expected to influence 
profoundly the polymer structures generated. 

It is well known that in nucleic acids, extended B-type 
helix (pitch = 34 A) is obtained by the repeat of 
extended CTendo nucleotide (Figure 1 b), while 
compact A-type helix (pitch = 28 A) is formed by the 
repeat of compact C3'endo nucleotide (Figure 1 d). In 
analogy with this, dimer duplexes of both A- and B-type 
possessing 2',5'-phosphodiester linkages have been 


modelled. Initially, dimer base pairs as found in 
extended (B-DNA) and compact (A-DNA) helicesare 
generated. To these dimer base pairs, appropriate repeat 
nucleotides, either CTendo or C3'endo nucleotide are 
appended, depending upon the nature of the helix 
(extended or compact) to be generated. The dimer 
duplexes are subjected to constrained energy 
minimization using the program AMBER^° (which has 
been suitably modified to handle 2',5'-linkages), for 
obtaining optimal geometry at the 2',5'-phosphodiester 
linkages. It is seen from Figure 2^ that a compact 
CTendo nucleotide repeat (Figure 1 a) readily fits in 
between the base pairs and enables a natural course for 
the 2',5'-linked sugar-phosphate backbone. The base 
pairs in the dimer duplex have a slide of the same 
magnitude as in the compact A-type duplexand are 
related by a helical twist of 32.7° and a rise of 2.56 A. 
Hence, the stacking pattern and other base pair 
properties are identical to it. Attempts to fit in extended 
CTendo nucleotide (Figure 1 c) result in serious steric 
hindrance as well as drastic positional variations in the 
base pairs. While this will not be surprising if the 
inherent stereochemistry of 2',5'-linked nucleotides 
described above is borne in mind, it might appear as 
interchange of sugar puckers if semantics of sugar- 
pucker-based definition of A- and B-type helices alone 
are strictly adhered to. 
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Figure 2. Stereo diagrams of 2',5'-linked CG dimer duplex, {a) Perpendicular and parallel views of the B-type dimer duplex generated using 
‘extended’ CS'endo nucleotide related by a twist of 36° and a rise of 3.34A. (b) Perpendicular and parallel views of the A-type dimer duplex 
obtained using ‘compact’ C2'endo nucleotide related by a twist 32.7° and arise of 2.56 A. 


A 2',5'-dimer duplex of the B-type (Figure 2 6) 
obtained likewise by adapting an extended C3'endo 
nucleotide (Figure 1 c) (as opposed to extended CTendo 
nucleotide used in 3',5'-linked case) is shown in 
Figure 2 6. The base pairs here have identical 
relationship as in standard B-DNA^^ (3',5'-linked) and 
are related by a twist of 36° and a rise of 3.4 A. It is to 
be noted that sugar-phosphate chain conformation on 
either strand is identical in both the dimer duplexes. 
Torsion angles around the backbone and glycosyl bonds 
essentially remain in the preferred range in both the 
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dimer duplexes. The phosphodiester torsion angle, CT~ 
02'-P-05' is nearly trans in A-duplex, and gauche" in 
B-duplex, while the other phosphodiester torsion 02'- 
P~05'—C5' is gauche" in both the duplex forms. Despite 
the fact that the 2'-phosphate is located a little inside 
compared to 3'-phosphate, it does not preclude the 
formation of duplex dimers of both A- and B-type. 

Convinced about the stereochemical feasibility of 
2',5'-dimer duplexes of both B- and A-types, their 
polymeric forms comprising at least one full turn have 
been generated in a similar manner to compare their 

CURRENT SCIENCE, VOL. 68, NO. I, 10 JANUARY 1995 



RESEARCH ARTICLES 





/r 




Figure 3. Sierco view of more than one full turn of 2',5'-linked B-DNA viewed (a) perpendicular and {b) parallel to helix axis. Equivalent 
3',5' B-duplex (shown in dotted lines) is superposed to highlight similar base pair arrangements, 

topological properties with their 3',5' counterparts. The is superposed to highlight the similarity between 2\5'~ 

2',5'-linked B-type and A-type duplex structures viewed and 3',5'-linked duplexes. The above polymeric 14-mer 

parallel and perpendicular to the helical axis are shown B- and A-type duplexes when subjected to 

in Figures 3 and 4. In one of the views the 3',5'-duplex unconstrained minimization show that they are indeed 
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Figure 4. Stereo view of more than one full turn of 2',5'-linked A-DNA viewed (a) perpendicular and (/>) parallel to the helix axis. Equivalent 
3',5' A-duplex (shown in dotted lines) is superposed for comparison. 


Table 1. Conformational parameters* of repeat nucleotides in 2',5'- 
linked A- and B-DNA duplexes. 


Type 

a 

p 

7 

5’ 

s' 



P 

T 

■* ni 

B-DNA 

286 

170 

48 

280 

168 

272 

216 

24 

41 

A-DNA 

296 

148 

57 

206 

183 

178 

225 

153 

40 

6 • = C4' 

-C3'- 

C2'-02 

' and ^ 


--C2'- 

-02'-P 





’^lUPAC-IUB nomenclature is adopted. 


energetically favoured (-293.5 and -272.6 kcal/mol) 
and exhibit minor variations in the torsions. 
Conformational parameters that characterize the 
nucleotide repeat of the 2',5'-duplexes are listed in 
Table 1. 

The 2',5'-linked B-type duplex (Figure 3 a) bears a 
strong resemblance to the 3',5' B-DNA. The helical 
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twist and rise are approximately equal to 36° and 3.4 A, 
respectively. Similarity of base pair disposition here 
with the 3',5'-duplex is obvious from their complete 
overlap. The sugar-phosphate backbone alone deviates 
due to switch in the linkage and sugar puckering mode. 
It is clear, however, that the backbone helical course 
follows nearly the same path as the duplex with 3',5'- 
linkage. The major and minor groove widths of 2',5'- 
duplex correspond to 18.1 A and 10.2 A, which are 
comparable to the values of 17.5 A and 1 1 .5 A found for 
fibre B-DNA^^ The major groove has slightly expanded 
by about 0.5 A concomitant with a constriction of about 
1 A in the minor groove. This is obviously due to slight 
positional variation of the phosphate group consequent 
to 2',5'-phosphodiester linkage. The narrower minor 
groove here should serve as an even better site for 
binding of typical minor groove ligands of DNA. In a 
similar way, the slightly expanded major groove should 
facilitate the triple helix formation^^ rather easily, as in 
the case of 3',5' B-DNA, as well as binding of protein 
ligands. 

The 2',5'-linked A-type duplex (Figure 4) has 11 base 
pairs per turn with a helical twist angle of 32.7° and a 
rise of 2.56 A. The base pairs here are related by a slide 
of the same magnitude as in the A-type duplex^^ and as 
such the base pairs in both 2',5'- and 3',5'-linked 
duplexes exhibit total overlap. The 2'',5'-duplex also 
exhibits a characteristic deep major groove and a 
shallow minor groove similar to 3'-linked A-DNA 
fibre duplex^^. It should be realized that unlike B- 
duplex, the inside of the major groove of A-DNA is very 
wide and hollow; in fact, CT ... CT separation across is 
more than 17 A, compared to a width of about 8.2 A at 
the mouth of the major groove. Switch from 3',5'- 
linkage to 2',5' places phosphate groups towards the 
inside of the major groove. This results in expansion of 
the width of the major groove at its mouth from 8.2 A to 
11.2 A, concomitant with narrowing, by a nearly similar 
magnitude, of minor groove from 17 A to 14.3 A 
compared to 3',5'-duplex. Nevertheless, these values are 
well within the observed range for A-DNA duplexes^^. 
Groove widths corresponding to A-DNA fibre model 
can be obtained by effecting minor modifications along 
the sugar-phosphate backbone chain. The central hole 
arising from the shift of the base pairs with respect to 
the helical axis in A-DNA duplex is also seen here 
(Figure 4 Zj). Visual inspection also brings out that the 
groove depths are nearly equivalent in the two helices. 
Other polymorphs of 3',5'-duplexes, within A- and B- 
family, obtainable by small variations in torsion angles 
and helical parameters can be easily realized here also 
by appropriate modifications along the backbone of 
2',5'-duplexes. Our further modelling efforts reveal that 
proper utilization of the concept of extended and 
compact nucleotides (instead of adapting sugar-pucker- 
based definition) in the ‘dinucleotide repeats’ enable 
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even a 2',5'-linked left-handed Z-type structure (authors’ 
unpublished results) similar to 3',5'-linked Z-DNA 
structures^"*. 

In RNAs, compressed A-type duplex alone is favoured 
with ribo(3-oxy) Cyendo nucleotide repeat, whereas 2'- 
deoxysugars favour both B- and A-type duplexes. In 
view of the evidence provided above for the inverse 
relationship of the repeating nucleotide structure with 
altered phosphodiester linkages (3',5' vs 2',5'), it is 
important to ascertain whether similar implications 
extend also in relation to equivalent RNA (3'-oxy) 
helices with 2',5'-phosphodiester linkage. Our analysis 
reveals that duplex of the compact A-type, i.e. with 
‘compact’ CTendo repeating nucleotide (Figure 1 a), 
alone is stereochemically favourable, whereas helices 
generated with ‘extended’ C3'endo ribonucleotides 
(Figure 1 c) as repeats result in extensive steric clashes 
between 3'-hydroxyl and phosphate groups. Thus, it is 
evident that helices with 2',5'-linkage bear an overall 
similarity in all its structural properties to regular 3',5'- 
linkages, especially in relation to its helical preferences. 

In view of the fact that 2',5'-linked nucleotides form 
topologically equivalent helical structures analogous to 
their 3',5'-complements and that they are alien to 
nucleic acids and also possess higher stability for 
nuclease digestion^, equip them adequately to be used as 
tools in the antisense approach to gene regulation, it is, 
therefore, relevant to visualize duplexes and triplexes 
with mixed strand linkage. A duplex structure formed by 
complexing a 2',5'-strand with a complementary 3',5'- 
strand is shown in Figure 5. Similarly, formation of a 
triplex by complexing a 2',5'-strand to a regular 3',5'- 
duplex is also viable (Figure 6). In this context, serious 
experimental studies involving such mixed complexes 
should be attempted, with additional stabilizing factors, 
if needed, to realize the utility of 2',5'-oligori- 
bonucleotide in gene regulation. 

Both 2',5'- and 3',5'-linked polynucleotides can 
facilitate the formation of nearly equivalent Watson- 
Crick paired duplex structures of all known types once it 
is recognized that an inverse relationship exists between 
their repeating nucleotide moieties and the nature of the 
phosphodiester linkages. Essentially, interchange of 
sugar puckers from C3'endo to CTendo and vice versa 
is sufficient to manifest the common features found in 
A, B- and Z-helices. The duplexes, although non¬ 
equivalent in relation to sugar ring conformation, are 
equivalent when gross stereochemical effects are 
considered. The results on 2',5'-linked duplexes suggest 
that duplex structures need to be described in terms of 
cumulative structural properties rather than semantics of 
sugar-pucker-based nomenclature. The observation that 
stereochemically feasible duplexes can be formed 
irrespective of whether the sugar-phosphate linkage is 
of 2',5' or 3',5' type raises the question why nature 
favours exclusively 3',5'-linkages and does not use 
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Figure 5. Stereo view of a Watson and Crick paired duplex formed by complexing a naturally occurring 3',5'-linked nucleic acid strand 
(yellow) with a 2',5'-Iinked polynucleotide strand. 



Figure 6. Stereo view of a triplex formed by complexing a 2',5'-linked thymine third strand (yellow) to a 3',5' Watson-Crick (A...T) 
paired duplex through Hoogsteen base pair. 


2',5'-linkages. Whether the difference in duplex stability 
between 3\5'- and 2',5'-isomers or the greater resistance 
of 2',5'“linkages for most of the nuclease digestion^ 
compared to 3',5'"linkages is responsible for the latter’s 
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selection remains to be explored. The stereochemical 
rationale deduced here for the formation of 2',5'- 
duplexes shows promise for its use in regulation of gene 
expression both at the level of translation (antisense 
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strategy) and transcription (antigene strategy) by 
forming duplex and triplex with the complementary 
isomeric 3',5'-strand. 
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Graphical analysis of DNA sequence structure: 
II. Relative abundances of nucleotides in 
DNAs, gene evolution and duplication 


A. Nandy* and P. Nandy^ 

*Computer Division, Indian Institute of Chemical Biology, Calcutta 700 032, India 
^Department of Physics, Jadavpur University, Jadavpur, Calcutta 700 032, India 


A technique for graphical representation of gene 
sequences on a two-dimensional cartesian coordinate 
system is shown to highlight visually the relative 
abundances of nucleotides along a DNA sequence on 
a global scale. In some sequences such as the rat 
myosin heavy-chain gene this reveals a rich structure 
in the DNA map. In several cases the gene sequences 
are shown to map to an almost uniform linear 
structure. The possibility that this may be due to 
gene evolution by gene duplication, as hypothesized 
by Ohno, or due to extensive repetitive segments in 
the sequence is discussed with reference to myosin 
heavy-chain genes, where the rod-encoding part is 
known to have a large number of repeats, and the 
kinetoplast genes of e.g. L. tarentolae, where almost 
the entire gene fragment is composed of six repeating 
sequences. This feature of the graphical repre- 
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sentation provides an easy analytical tool to identify 
the parts of a gene sequence with large repetitive 
segments. A comparison is made with the chaos 
generator diagrams of Jeffrey^ and the two methods 
are shown to complement each other in the analysis 
of gene sequences. 


One of the interesting problems in molecular biology 
concerns the interpretation of base composition and 
distribution in long DNA sequences. While several 
approaches have led to identification of small segment 
motifs“’^ such as signal sequences, the TATA box, 
repeats and hairpin loops, techniques for analysis of the 
total span of a DNA sequence still remain elusive. There 
has been a renewal of interest in this problem in recent 
times, brought about by the chaos generator technique of 
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Jeffrey^ where long DNA sequences of vertebrates have 
been shown to form characteristic patterns and which 
Burma et al.^ have extended to gain new insights 
into genome structure. Peng et al^ have demon¬ 
strated through an application of the random walk model 
that long DNA sequences with sizeable intron content 
have long-range correlations which, significantly, are 
not evident in intronless coding sequences. In an 
exhaustive study of over 25,000 DNA sequences, Voss^ 
found long-range fractal correlations and promi¬ 
nent short-range periodicities for different genus and 
species. 

To search for global patterns in the total span of a 
DNA sequence, we have proposed a graphical technique 
that has the advantage of enabling visualization of the 
nucleotide distribution pattern of individual gene 
sequences and comparison of different sequences to 
determine areas of approximate visual similarities. It 
also appears to be possible to extend the technique for a 
rapid search of megabase sequences for sequence 
patterns for some classes of conserved gene sequences^. 
The technique is useful in highlighting global features of 
base distribution and arrangement that may not be 
readily apparent in the letter series representation of the 
gene sequence, as we have seen in the case of the globin 
genes presented in our earlier paper^. A similar 
approach had been presented earlier by Gates^. Both 
methods give rise to sequence maps that reflect 
sequence distribution, but our choice of axes introduces 
subtle differences in patterns and interpretation that 
provide new insights into genome structure analysis as 
e.g. concerning the existence of long-range correlations 
in gene sequences^. 

Here we show that this graphical method also enables 
identification of sections of a sequence that have 
distinctly different base compositions and get an idea 
of probable stages in sequence evolution. In particular, 
it is interesting to observe that portions of a gene 
that have evolved through extensive gene duplica¬ 
tion show up as a pattern that is almost linear on the 
scale of the plot. We also compare our results with 
the chaos generator diagrams of Jeffrey^ to show that 
the two methods reflect different aspects of gene 
sequences and thus provide complementary analytical 
tools. 

Method 

In our approach to representation of DNA sequences, 
discussed in detail elsewhere ^ we construct a symmetric 
purine-pyrimidine graph on the cartesian coordinate 
system, with purines on the jc-axis (A in the negative 
direction, G in positive) and pyrimidines on the y-axis 
(T in the negative direction, C in positive) and plot the 
sequence structure as a succession of points, one for 
each occurrence of each base. This will give rise to a 
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map of the gene sequence, whose structure in terms of 
sequence distribution will be reflected from the 
progression of the points along the map. 

At a detailed level, the fine structure of such a map 
can serve to highlight the relative local abundance of 
one nucleotide over another within the sequence from a 
study of the twists and turns along the sequence map 
(keeping the same scale along each axis). Thus, a 
segment lying parallel to the x-axis would imply that the 
difference of the C and T bases remains constant along 
that stretch of the sequence; a vertical segment would 
imply a similar constancy between the A and G bases 
along the stretch. A repeated motif relevant to the scale 
of the plot would show up as a repeated pattern on the 
map. However, dyads like AG and CT will appear as a 
single point on the ACGT-axes system; to display the 
AG- and CT-rich and other combination sequences, one 
could construct complementary plots by exchanging the 
G- and T-axis, or the C- and G-axis. We shall refer to 
the three plots as the ACGT-, ACTG- and AGCT-axes 
systems by taking the names clockwise from the x-axis. 
The preferred choice of axes would normally be dictated 
a priori by the two most dominant bases - e.g. for the 
chicken myosin heavy-chain gene introns with A, T 
dominance (as shown later) it would be ACGT-axes 
system; for the corresponding exons with A, G 
dominance the preferred axes would be ACTG. (One 
may also consider the dinucleotide frequencies to decide 
on pairs of bases for the axes so as to minimize lost 
information, such as AG and CT on the ACGT-axes 
system; one would normally choose dyads with low 
frequencies.) Thus, when considering eukaryotic 
genome sequences with their strong A, T dominance, the 
ACGT-axes system would be the natural choice. This 
axes system also has the added advantage that the 
purines and pyrimidines are plotted on horizontal and 
vertical axes, respectively, thus providing a convenient 
frame for relating to DNA-walk analysis^, and also, by 
suppressing transition types of evolutionary changes (A, 
G and C, T), leads to easier identification of significant 
evolutionary developments^. 

Application to structure analysis 

As an application of this technique to highlight 
nucleotide abundances, we consider the rat embryonic 
skeletal muscle myosin heavy-chain (MHC) gene 
sequence (RNMHCG in EMBL database). The plot of 
this sequence is shown in Figure 1 a. The map can be 
analysed in several different segments marked 1 to V on 
the map. The first part, I, covering the first 8816 bases 
of the sequence appears like an almost random pattern, 
followed by a segment (base numbers 8817-10976) 
proceeding horizontally to the left, implying that it is 
reiati\-H' A-rich. The next segment (10977-14400) 
proceeds closely along a diagonal towards the bottom 
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Figure 1. a. Map of the rat embryonic skeletal myosin heavy-chain 
gene complete sequence (25759 bases) plotted on the ACGT-axes 
system (G-A along jc-axis, C-T along y-axis; the cross shows 
the direction of progression of the map for each base type). For 
clarity, only every 30th base position has been plotted. The regions 
marked in roman numerals cover the following base positions: I: 1- 
8816; II: 8817-10976; III: 10977-14400; IV: 14401-24720; V: 
24721-25759. b, CGR diagram of the rat embryonic MHC gene. 
Compared to the chicken MHC CGR^ this diagram shows a wider 
scatter of points, general blurring of the ‘double-scoop’ pattern and a 
noticeable scarcity of points in the lower right triangle of the A- 
quadrant. 


left corner, indicating that it must be AT-rich, while the 
next two segments (14401-24720 and 24721-end) trace 


out a path going generally eastwards (with several small 
C- and T-rich segments breaking the progression) and 
then down, implying that the local sequences must have 
more G than A and more T than C, respectively. 
Counting the nucleotide abundances in each of these 
segments, we find that indeed in the second segment the 
A’s occur about 25% times more often than G or T and 
about 50% times more often compared to C (ratio 
A:C:G:T is 1:0.7:0,8:0.8). In the third segment the A 
and T occur more than 10% oftener than C or G, in the 
fourth segment the G’s occur 10% more often than A’s, 
and in the fifth segment the T’s occur 55% more often 
while A’s and G’s are almost equal, leading to the 
vertical nature of the plot in that region. The first 
segment (I) has the total number of purines and 
pyrimidines almost equal, leading to null displacement 
and an almost random pattern. 

It is instructive to compare this map with the chaos 
generator representation (CGR) of Jeffrey^ A CGR 
diagram of this gene (Figure 1 b) shows a relatively 
more scattered distribution of points, with the double¬ 
scoop pattern and fractal-type repetitions much less 
distinct than for the vertebrates discussed by Jeffrey. 
This is due mainly to the very large differences in local 
abundances in different parts of the sequence, which is 
not the case for genes like chicken myosin heavy-chain, 
the human p-globin cluster, etc., which produce a neat 
double-scoop pattern on the CGR (see below). 


Evolutionary significance 

Segmentwise analyses of this type may be useful in 
studying the evolutionary history of a gene or a class of 
genes, especially in intron-rich sequences. Such clear 
distinctions between different regions in one gene may 
imply stages in evolutionary history where different 
segments probably evolved separately to form the 
current structure of the gene. The complex structure of 
the rat embryonic skeletal MHC gene was, in fact, noted 
by Strehler et al}^ as being indicative of different 
evolutionary pathways for the different segments of the 
gene. From the conservation of intron locations between 
mammalian and nematode MHC genes they 
hypothesized that these may have evolved from a highly 
split ancestral gene in which intron deletions and 
insertions may have taken place. The evolution of the 
rod-encoding segment with its dispersed repetitive 28- 
residue coding unit is considered to have evolved by 
exon duplication in which introns were later insertion 
events with wide variety in sizes and very little sequence 
homology. Thus, insertions, deletions and fast 
divergence of intron sequences in various segments of 
the rat embryonic MHC gene would have led to the 
current structure and it is therefore not surprising that 
the map of the complete gene with its strong intron 
domination shows such a complex shape in our sequence 
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a 



c 



plot (where regions I-III cover almost the entire 
globular head segment of the gene and region IV the 
rod-encoding part). 

The assumption of gene evolution by gene 
duplication^^ can be expected to lead, depending upon 
the extent of such duplication, to a more uniform 
distribution of the nucleotide abundances and thus a 
more rich CGR pattern, and possibly a less convoluted 
map in our representation. In the case of the chicken 
myosin heavy-chain gene (GGMYHE) the CGR shows 
the familiar double-scoop pattern of eukaryote 
vertebrates; the pattern is found to be similar even at 
different length scales of the genome, which can be 
interpreted as being indicative of at least a part of the 
genomic evolution having occurred through gene 
duplication'*. In our representation also we find on a 


b 



Figure 2. Map of the chicken embryonic myosin heavy-chain gene, 
plotted on the ACGT-axes system: a, complete sequence (31111 
bases); b, introns only (16903 bases); c, exons only (5619 bases). 
(Scale in thousands in (a) and (b).) 


global scale an almost uniform pattern: the sequence 
plot shows an approximately constant slope for over 
70% of the sequence (Figure 2 a). This implies that this 
stretch must be constructed out of one or more repeating 
segments with a A^/T„ dominating motif and the 
relative nucleotide abundances over this long stretch 
must be so organized as to conserve the ratio 
(C-T)/(G--A); we have seen this to be true by taking 
sample sizes of 20% and above of the sequence at a time 
in this region. 

That this feature is due to intron dominance becomes 
clear when we plot the intron and exon segments of 
chicken MHC separately. In the case of introns the 
previous approximate linearity with a constant slope 
factor of (C-T)/(G~A) is clearly retained (Figure 2 b), 
whereas the exon segment being predominantly 
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Figure 3. Maps of a, the human P-globin complex region on 
chromosome 1 1 (73326 bases) and b, C. elegans myo-1 myosin 
heavy-chain gene (12241 bases), complete sequences including 5' 
and 3' flanking regions. (Scale in thousands; axes: ACGT.) 


A/G-rich takes an upward curvilinear path (Figure 2 c) 
quite distinct in nature from the intron map. This is also 
seen in the case of the C. elegans myosin heavy-chain 
gene and the human p-globin gene region from 
chromosome 11: the exon segments are again found to 
be rich in structure whereas the intron segments produce 
maps, on the scale drawn, with distinctly large relatively 
uniform stretches; the maps of the complete genes with 
strong intron dominances are shown in Figure 3. The 
degree and extent of the uniformity will depend on the 
size of the repeating unit and the extent of repetition 
relevant to the scale of the plot; the smaller the unit and 
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the larger the number of repetitions, the more linear will 
be the map of the segment on the plot, and it will map in 
directions dictated by the base combinations of the 
repeating motif, as can be seen from the plots of these 
two genes. 

Considering the intron segment of the chicken myosin 
heavy-chain gene, we find indeed that there are a large 
number of repeating small structural units (see Table 3). 
A dinucleotide analysis shows that the four A and T 
combinations are in overwhelming majority, comprising 
38.4% of the total dinucleotides. Taking oligo¬ 
nucleotides of e.g. 5 bases length in all combinations 
such as ATATA, TTTTA, CGGCC, TGGGT, etc., 
38.5% of all repetitive segments are found to be A, T 
oligonucleotides with negligible contribution from 
homopolymers like AAAAA, etc. Increasing the 
oligonucleotide length to 8 again shows A, T 
combinations to be the dominant type, with oligo¬ 
nucleotides with alternating A and T comprising almost 
60% of the total tested; this alternating AT motif is, of 
course, the dominating dinucleotide and is found also 
clustered in long combinations such as 5 times for (AT )5 
and once for (AT)6. Thus, given this A, T dominance 
with a large number of repeats of short oligonucleotides, 
it is not surprising that the intron map on the ACGT- 
axes system turns out to be nearly linear in the third 
quadrant at almost 45° angle. The exon sequence, on the 
other hand, does not show such large A, T repeats 
(Table 3) and thus does not form a linear structure on 
the ACGT-axes, but, as we show later, can be expected 
to do so on the ACTG-axes system by virtue of the 
dominating A, G repeats. 

Part of the reason for differences in the intron-exon 
maps lies in the compositional differences of the bases 
in the two cases. A comparison of the A, C, G, T 
abundances will show that the introns of most of these 
genes are predominantly AT-rich, giving an AT-rich 
character to the entire sequence; the exons, on the other 
hand, are seen to have comparatively more equal 
distribution of the four bases. Table 1 shows the 
statistics of the compositional variances for a sample 
from a wide class of genes. It can be seen that 
within one standard deviation, the exon composition is 
uniform across the four bases for the entire spectrum, 
whereas in the case of introns there is a wide difference. 
Exon maps, therefore, would generally tend to cluster to 
null to small displacement, whereas intron maps 
would tend to be more open and cover larger distances, 
as can easily be seen e.g. by considering the end 
points on an ACGT map of any of the genes listed in 
Table 1. 

Repetitive sequences maps 

Sequences that are highly repetitive, whether due to 
gene duplication or otherwise, will also lead to almost 
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Table 1. Sequence composition differences - AT-rich sequences 



EMBL 

Code 

Total 

sequence length 



Percentage 


C + G-A-T„, 

A 

C 

G 

T 

A + C + G + T 


AGHAPSE 

428 

26.17 

22.90 

25.47 

25.47 

-3.27 


AGHBD 

444 

19.37 

25.00 

31.76 

23.87 

13.51 


CEMYOl 

5814 

30.75 

23.53 

23.72 

22.00 

-5.50 

EXONS 

CEMY02 

5841 

29.99 

24.69 

24.72 

20.60 

-1.18 


DMHSP82 

2300 

26.17 

26.30 

27.65 

19.87 

7.91 


GGMYHE 

5619 

31.00 

22.58 

28.72 

17.69 

2.62 


GGTUBA4A 

681 

24.23 

28.19 

21.88 

25.70 

0.15 


GMHSP 

678 

28.02 

18.44 

23.30 

30.24 

-16.52 


HSHBB 

2220 

22.07 

24.91 

29.28 

23.74 

8.38 


Average 


26.69 

23.54 

26.83 

22.93 



STD 


3.76 

2.34 

2.83 

3.85 



AGHAPSE 

1451 

26.74 

19.57 

21.09 

32.60 

-18.68 


AGHBD 

1013 

29.81 

16.78 

16.98 

36.43 

-32.48 


CEMYOl 

1648 

34.65 

13.47 

14.44 

37.44 

-44.17 

INTRONS 

CEMY02 

958 

30.58 

13.88 

15.76 

39.77 

-40.71 


DMHSP82 

1129 

30.47 

17.45 

17.36 

34.72 

-30.38 


GGMYHE 

16903 

31.79 

17.67 

18.81 

31.74 

-27.05 


GGTUBA4A 

183 

24.59 

18.03 

15.85 

41.53 

-32.24 


GMHSP 

388 

31.70 

12.37 

15.46 

40.46 

-44.33 


HSHBB 

41850 

28.84 

18.43 

19.78 

32.94 

-23.57 


Average 


30.57 

16.20 

17.46 

35.76 



STD 


2.21 

2.46 

2.09 

3.11 



AGHAPSE 

1879 

26.61 

20.33 

22.09 

30.97 

-15.17 


AGHBD 

1457 

26.63 

19.29 

21.48 

32.60 

-18.46 


CEMYOl 

7462 

31.61 

21.31 

21.67 

25.41 

-14.04 

TOTAL 

CEMY02 

6799 

30.08 

23.17 

23.46 

23.30 

-6.75 


DMHSP82 

3429 

27.59 

23.39 

24.26 

24.76 

-4.70 


GGMYHE 

22520 

31.59 

18.89 

21.28 

28.23 

-19.64 


GGTUBA4A 

864 

24.31 

26.04 

20.60 

29.05 

-6.71 


GMHSP 

1066 

29.36 

16.23 

20.45 

33.96 

-26.64 


HSHBB 

44070 

28.50 

18.76 

20.26 

32.48 

-21.96 


Average 


29.00 

20.17 

21.87 

28.96 



STD 


2.00 

2.34 

1.22 

3.84 



Table of base composition of exons, introns and total gene and averages of a sample of gene sequences from the EMBL genetic sequence 
data library. The genes are identified by their EMBL codes representing the following; 


AGHAPSE 

AGHBD 

CEMYOl 

CEMY02 

DMHSP82 

GGMYHE 

GGTUBA4A 

GMHSP 

HSHBB 


J. geoffreyi (spider monkey) ri-globin pseudogene 
A. geoffreyi (spider monkey) 6-gIobin gene 
C. elegans (nematode) myo-1 gene for myosin heavy chain 
C. elegans (nematode) myo-2 gene for myosin heavy chain 
Drosophila melanogaster heat shock protein 82 
Chicken embryonic nonmuscle myosin heavy-chain gene 
Chicken a-4-tubulin gene - exon 4 
Soybean heat shock protein (Gmhsp26-A) gene 
Human p-globin cluster on chromosome 11. 


Straight maps in our representation; the presence of long 
linear segments in maps of this type was in fact also 
noted by Gates^ in viral and other sequences as also the 
rich structures in some exons. We have found that the 
map (Figure 4) of the Leishmania tarentolae kinetoplast 
maxicircle DNA fragment (2.76 kb) reported by Muhich 
et al is an almost straight line from beginning to end, 
due primarily to the fact that this fragment consists 
almost entirely of repeated segments. These repeats can 
be grouped into six families, some of which are present 
throughout the remainder of the 12 kb divergent region 


of the maxicircle, and are oriented in a head-to-tail 
fashion with the simplest repeats clustered into large 
arrays. The repeats are again dominated by oligomers of 
the type (A^T^), e.g. AATAATAT, AAATT, etc., and 
therefore produce an almost linear plot on our ACGT- 
axes map (like the chicken MHC intron case, but now at 
a different angle related to the min ratio). Similarly, the 
Crithidia fasciculata mitochondrial maxicircle DNA 
containing the gene for the cytochrome oxidase subunit 
III (coxIII), the 5' flank of the human P-globin region on 
chromosome 11, the chicken p-4-tubulin gene, the yeast 
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Table 2. Constant-slope region for selected gene sequences 


Sequence 

Code 

Length 

Translation 

region 

Linear 

region 

Percentage 
of sequence 

D. discoidium MHC gene ' 

DDMYHC 

6681 

70-6420 

1740-6420 

70.05 

Chicken embryo MHC gene 

GGMYHE 

31111 

2236-24757 

1-21500 

69.11 

Chicken p-4-tubulin gene 

Human p-globin region on chromosone 

GGTUB4B 

3153 

380-2782 

360-2760 

76.12 

11, 5' flank 

HSHBBl 

3365 


1080-2760 

53.28 

Human a-cardiac MHC 

HSMHCAGl 

2366 

1253-1540 

1-1678 

70.92 

C. fasciculata mitochondrial DNA 

L. tarentolae maxicircle 

MICFCOX3 

3353 

1102-3353 

1380-3353 

58.84 

DNA fragment 

MILTMXCl 

2759 

1-2759 

1-2759 

100.00 

Yeast heat shock protein 

SCHSP90 

2734 

333-2462 

1200-2734 

56.11 

V. cholera toxin 

VCCTX 

2020 

515-2020 

480-2020 

76.24 


A sample analysis of 9 sequences selected across a wide variety of phylogenetic types. The table lists the sequence name, the EMBL ID 
code, the length of the sequences in terms of the number of nucleotides and the translation region, where noted separately. The next 
column lists the region in terms of base numbers over which the map of the sequence in the ACGT-axes system appears to be 
predominantly linear, and this is indicated in terms of percentage of the sequence length as given in the last column. All data for the 
sequences are taken from EMBL sequence library, Release 31. The sequences are arranged alphabetically by their codes. 



Figure 4. Map of the L. tarentolae kinetoplast maxicircle DNA 
fragment (2759 bases). (Scale in thousands; axes: ACGT.) 

heat shock protein hsp90, etc., all show approximately 
linear-like segments for considerable lengths of their 
sequences (Table 2), implying the presence of long- 
range repetitive sequences and therefore a significant 
level of sequence homogeneity in this context. In fact, 
fairly long uniform stretches are noticeable in a wide 
variety of sequences, implying that repetitive sequences 
may be quite widespread in nature. 

However, in those cases where the compositional 
variances of a gene or its segment are low, the relevant 
maps may turn out to be rich in structure as in the case 
of the exons, or in cases such as the rat myosin heavy- 
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chain gene discussed earlier. As a rule of thumb, we 
have found that in such cases, say on the ACGT-axes 
system, the ratio (G + C-A-T)/(A + C + G + T) is less 
than 5%, but the onset of rich structural map can take 
place at slightly higher ratios also. If uniformity in base 
distribution and a corresponding linear-like map in our 
graphical representation is to be interpreted in terms of 
gene duplication^^ then in cases where the map shows 
rich structure and significant variations along the path, 
one could conclude that the gene structure may have 
evolved by gene deletions and insertions, but the 
contribution to the total by way of gene duplication may 
not have been significant. 

It is instructive at this stage to compare the intron and 
exon segments of the rat myosin heavy-chain gene with 
that of the chicken myosin heavy-chain gene, where the 
intronic, and therefore the overall, base compositions 
are markedly different. Whereas in the case of the 
chicken MHC the intron base composition is highly 
skewed towards the A, T bases and the exon base 
composition is almost uniform, the rat MHC exons show 
an A, C, G, T mix of 28.9%, 24.4%, 29.9%, 16.9%, 
respectively, while in the case of introns this is almost 
uniform at 25.3%, 23.0%, 25.3% and 26.4%. Thus, a 
map of only the exons of the rat MHC gene on the 
ACGT axes can be expected to show a relatively more 
open curve compared to a map of the introns alone, 
which would generate a complex structure 
(Figure 5c,d). 

However, in view of the strong A, G dominance of the 
exon compositions of the MHC genes, the natural choice 
of axes should be the ACTG-axes system, and this 
immediately reveals explicitly the latent structure in all 
these exons; the importance of the choice of axes system 
is seen by the maps in Figure 5 for the rat MHC. 
Figure 5 a plotted on the ACTG-axes system shows the 
exon sequence starting with a small congestion pattern 
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Table 3. Frequency table for repetitive units in chicken MHC sequence 


Chicken MHC intron sequence (16903 bases) 
Dinucleotide frequencies 


AA: 1793 (10.6%) 


AC: 877 

(5.2%) 

AG: 1155 (6,8%) 

AT: 1547 

(9.2%) 

CA: 1224 (7.2%) 


CC; 550 

(3.3%) 

CG: 89 

(0.5%) 

CT: 1123 

(6.6%) 

GA; 1017 (6.0%) 


GC: 580 

(3.4%) 

GG: 693 

(4.1%) 

GT: 888 

(5.3%) 

TA: 1338 (7.9%) 


TC: 979 

(5.8%) 

TG: 1241 (7.3%) 

TT: 1806 

(10.7%) 

Other frequencies 








/« = 0, « = 5 m- 

: 1, 

« = 4 

/w = 3, 

« = 2 

Total (nt n- S') 

/7j = 4, w = 4 

A„T„ + T„A„ 193 631 


(36.2%) 

927 

(35.6%) 

1751 

(38.5%) 

39 

A„0„ + G„A„ 330 


(18.9%) 

527 

(20.3%) 

SSI 

(18.8%) 

3 

A„C„ + C„A„ 187 


(10.7%) 

299 

(11.5%) 

486 

(10.7%) 

1 

T„G„ + G„T„ 229 


(13.2%) 

335 

(12.9%) 

564 

(12.4%) 

3 

T;„C„ -E Cw'ln 347 


(19.9%) 

498 

(19.1%) 

845 

(18.6%) 

3 

G„C„+C„G„ 10 19 


(1.1%) 

16 

(0.6%) 

45 

(1.0%) 

~ 

203 1743 



2602 


4548 



Chicken MHC exon sequence (5619 bases) 






Dinucleotide frequencies 








AA: 528 (9.4%) 

AC: 294 (5.2%) 

AG: 652 

(11.6%) 

AT: 268 

(4.8%) 

CA: 493 (8.8%) 

CC;314 (5.6%) 

CG: 117 

(2.1%) 

CT: 345 

(6.1%) 

GA:622 (11.1%) 

GC:411 (7.3%) 

GG: 383 

(6.8%) 

GT: 197 

(3.5%) 

TA: 98 (1.7%) 

TC: 250 (4.4%) 

TG: 

462 

(8.2%) 

TT: 184 

(3.3%) 

Pentanucleotide frequencies 








S 

II 

p 

II 

m = 

^ 1, « = 4 

m = 3. 

n = 

2 

Total 

(m + n = 5) 

Aff,T« -E TwA„ 6 

27 

(8.3%) 

37 

(4.3%) 

70 

(5.8%) 

A/wGm + G/„A„ 

150 

(46.3%) 

490 

(56.3%) 

640 

(53.2%) 

A^C„ + C;„A. 

64 

(19.8%) 

149 

(17.1%) 

213 

(17.7%) 

T„G, + G„T„ 

27 

(8.3%) 

72 

(8.3%) 

99 

(8.2%) 

T„,C. + C.T, 

36 

(11.1%) 

87 

(10.0%) 

123 

(10.2%) 

G;„C„ + C;nG„ 4 

20 

(6.2%) 

35 

(4.0%) 

59 

(4.9%) 

10 

324 


870 



1204 



Frequency table for repeated motifs in chicken myosin heavy-chain gene intron and exon sequences. For the intron sequence, 
we show the complete dinucleotide and pentanucleotide frequencies. For units of 8 bases, we consider only some combinations 
such as ATATATAT, AATTAATT, AAATATTT, AAAATTTT, TTAATTAA, etc., since large homopolymeric units are found 
to be in low frequencies; thus, the comparison is largely confined to small unit repeats for different base combinations. For the 
exon sequence, only the dinucleotide and pentanucleotide frequencies are shown. The dominance of A, T combinations in 
introns and A, G combinations in exon sequences is clearly evident. 


growing into a comparatively smooth structure for most 
of its length, while the intron sequence, shown in 
Figure 5 b, has a rich convoluted structure reminiscent 
of the total gene. The exon sequence shows a fairly 
uniform linear structure for over 3500 bases from exon 
22 (AA810) onwards, which comprises the rod-encoding 
region. (The numbers of A, C, G, T are fairly constant 
counting for every 600 bases from base number 2700 to 
5100 on the exon: 186 ±9, 136 ±5, 198 ±10, 80 + 6, 
respectively.) This would be unexpected from a first 
glance at the complete map of this gene but can be 
explained if we consider the hypothesis of Strehler et 
al. that there has been considerable duplication of 
exons coding for the rod-like structure of the myosin, 
whereas the intron segments in contrast have evolved 
primarily by insertions and deletions. Similar maps are 
produced by the exon segments of the chicken 
embryonic MHC, the D. discoideum nonmuscle MHC 
and the several nematode MHC genes (Figure 6), 
irrespective of the nature of the map of the total gene: 
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all the exon maps on the ACTG-axes have a complex 
structure for approximately the first 2500 bases, 
following which the balance of around 3500 bases 
produce a relatively more uniform linear structure 
compared to e.g. the structure for the rat MHC introns. 
This is only to be expected since these exons have a 
high level of homology and all the MHC genes are 
known to have a high degree of 28-residue and 196- 
residue repeats in the rod-encoding segment, first 
critically analysed for the nematode gene by 
McLachlan^^. These repeats are dominated by oligomers 
of the type A^^^G^ (see e.g. Table 3), thus showing up 
more prominently on the map in the ACTG-axes system. 
The CGR plots of the rod-encoding parts of the rat and 
chicken exons show, in fact, strong congestion patterns 
along and parallel to the AG diagonal, and a 
dinucleotide analysis shows that for all these exon 
segments, the AG/GA are the dominant dinucleotides. 

We note in passing that complete sequences of most 
of these MHC genes, the genes for the human (3-globin 
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whereas the present mapping technique can provide 
estimates of relative richness of one or more nucleotides 
in specific sequence segments. 



Figure 6. Maps of the exon segments of several MHC genes plotted 
on the ACTG-axes system; a, C. elegans myo-1 myosin heavy chain, 
D. discoideum myosin heavy chain, c, chicken embryonic myosin 
heavy chain, d, rat embryonic skeletal myosin heavy chain. 


complex, and other vertebrate genes produce fairly 
similar patterns in a CGR diagram (e.g. the double¬ 
scoop depletion regions for vertebrate sequences in 
varying degrees of clarity), whereas the maps in our 
graphical system show directly visually characteristic 
differences as also large-scale variations in base 
composition in different segments of a gene, as in the 
case of the rat MHC or the globin genes^. The CGR 
technique thus will be useful for noting the presence 
(through congestion patterns) or absence (through 
depletion zones) of a few base motifs such as CG, CGG, 
etc., in a global context within major classes of animals. 


Long-range correlations ^ 

The class of maps indicating long uniform stretches in 
gene sequences can also be construed as providing a 
possible clue to the long-range correlations within DNA 
reported by Peng et al.^ in intron-rich sequences but not 
in the exons or intronless sequences, although the latter 
assertion has been subsequently disputed by others 
We have seen that introns are generally more well- 
ordered over the sequence for the MHC genes such as 
for chicken and nematode and their large presence in 
these genes imposes such an order on the global map. 
This raises the possibility that the long-range 
correlations noticed by Peng et al^ could have arisen 
due to the presence^^ of large ^repetitive segments by 
possibly the gene duplication phenomenon, which 
generates linear maps in our graphical representation. 

There is also the possibility that the type of repeats 
may be of importance in this context. We note that the 
MHC exons have purines-only repeats like A;;,G„ and the 
introns have predominantly purine-pyrimidine repeats 
like A;„T„ as shown for the chicken MHCs, and compare 
with Peng et a/.’s observation of long-range correlations 
in only total genes comprising approximately over 70% 
introns, but not for the coding segments. If we consider 
large-scale repetitions as the basis for these correlations, 
then we may conclude that, since the purine/pyrimidine 
attribute forms a basic unit for their DNA-walk analysis, 
repetitions arising out of purine-pyrimidine combina¬ 
tions will provide these long-range correlations, but 
purines-only repeats as in the chicken and other MHC 
coding segments will not contribute to such correlations. 
However, the rat MHC remains a noticeable puzzle to 
this explanation, implying perhaps that long-range 
correlation effects in gene sequences may have other 
origins as well^^. 


Summaty and conclusions 

In summary, we conclude that the graphical technique 
discussed in this paper represents a useful method for 
analysing gene sequences from few tens to megabases in 
length. The maps generated in this method identify 
directly visually regions of different base composition 
and will be useful in providing an insight into the 
evolutionary history of the gene segments. This 
representation is also seen to be complementary to the 
chaos generator diagrams of Jeffrey\ but carry more 
information on the local and global scale; for instance, 
in the case of the myosin heavy-chain sequences for 
different vertebrates, the maps in the present graphical 
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representation exhibit large differences arising out of 
different base abundances, but the CGRs of these genes 
appear to have almost similar pattern. We have seen that 
a detailed analysis of the maps produced in our system 
can reveal the presence of gene duplication and repeats 
on a global scale, and this we have found to be fairly 
widespread in nature; the contraindications can be 
interpreted as gene evolution through gene insertions 
and deletions. We have also highlighted through this 
technique the significant differences in the base 
compositions of introns and exons, especially in intron- 
rich sequences, and noted that these tally in part with the 
observation of Peng et ai^ on long-range correlation 
effects in gene sequences. Depending upon the sequence 
composition, different choice of axes could be made to 
generate the maps, as in the extension to CGR proposed 
by Burma et and we have shown how crucial it may 
be in revealing the deep underlying structures. 
Nevertheless, the method discussed here is simple to 
implement and produces more and important informa¬ 
tion about the distribution of nucleotides along a DNA 
sequence on a local as well as a global scale that is not 
readily accessible by other methods currently in use. 
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Two interesting cases of continued 
mating in monogenic and digenic 
systems 


V. Arunachalam 

Division of Genetics, Indian Agricultural Research Institute, 

New Delhi 110 012, India 

Mating with a heterozygote, continued across 
generations, has been investigated anew. An interest¬ 
ing single-gene system under this continued mating is 
presented and shown to extend, in general, to two 
genes. Based on the results, a possible modified bi- 
parental mating system of high practical significance 
is highlighted. Likewise, under continued selfing, the 
mean value of a quantitative trait has been derived, 
for the first time, in terms of recombination fraction 
and additive-additive interaction in a two-gene 
system. 

Understanding the dynamic flow of gene and 
genotypic frequencies under specific systems of mating 
continued across generations is very essential in 
predicting and directing population improvement. The 
stochastic process of gene frequency changes is easy to 
work out in terms of recurrence relationships. Such 
changes under popular systems of mating like selfing 
and sibbing continue to be the topics of discussion in 
many text books^“^‘. For instance, Kempthorne^ has 
discussed the case of full-sib ‘mating with any number of 
alleles at a single locus. He identified seven general 
types of mating and worked out the changes in genotypic 
frequencies which turned out to be complex, though 
elegant. Yet it would be useful for practical biologists if 
the theoretical logic is underlined using simple models 
like that of a single diallelic locus. Having built such a 
basic foundation, it is equally important to illustrate the 
complexities that would arise in cases of two or more 
genes; this would arrest the temptation to generalize 
results from one gene to many genes oblivious of the 
hurdles in the process. This paper aims to highlight two 
interesting case studies - one in single and the other in 
two genes - that have not been dealt with in published 
literature to the best of the author’s knowledge. 
Incidental information of value to practical plant/animal 
breeding is also sought to be retrieved from these 
studies. 



I 

Figure 1. Continued mating to a heterozygote. 


this process is continued. We study the population 
structure in successive generations. 

The process is illustrated in Figure 1. Let A/ (/ = 1, 3) 
denote, respectively the events that R is YY, Yy and yy. 
Likewise, let B/ (i = 1, 3) denote, respectively the events 
that T is YY, Yy and yy. 


Denote P^(R = Aj) 

P,(T=B^) = Z^ (/ = 1,3) 
P,(T=B,\R = A,)^m,, (r,^ = l,3) 

The matrix (w^) is obviously given by 


2 



0 


4 

2 

4 


0 

]_ 

2 

2 


From elementary principles, it is easily seen, for | 
instance, that I 

Z 2 = Pr{T = Bj) = Xj/W 2 i +X 2 /W 22 I 


Case 1. Continued mating to heterozygote 

In the process of illustrating Baye’s theorem of ‘inverse’ 
probability, Smith^ has described a system of mating 
that lends itself to illuminating an interesting pheno¬ 
menon. 

Initially, a cross is made between two heterozygotes. 
The resulting progeny is mated to a heterozygote and 


_ 1 1 11 1 I _ 1 

~ 42 '^ 22 ~^ 4 * 2~2 

Thus, if Z{ = (zj ,^ 2 , 23 ) 
and 

X' = (Xj,X2,X3) 


86 


CURRENT SCIENCE, VOL. 68, NO. I, 10 JANUARY 1995 





RESEARCH COMMUNICATIONS 


then Zx = MX 


“1 

1 

0 


"r 


"r 

2 

4 


4 


4 

1 

1 

1 


1 


1 

2 

2 

2 


2 


2 

0 

1 

1 


1 


1 

4 

2_ 


_4_ 


_4^ 


This state is identical to the initial state. Therefore, the 
frequencies of possible genotypes in the second 
generation will again be given by Z 2 = MZi=M MX 
= M^X, where 


1 1 i 

8 4 8 



ill 

8 4 8 


Likewise, Z 3 = M^X, where 


A i A 

16 4 16 



A 1 A 

16 4 16 


Note that the third row is the first row in reverse 
order and the second row is constant in every genera- 
ion. 

The element mu of matrix M in successive genera¬ 
tions is given by 2/4, 3/8, 5/16, 9/32, 17/64,... in other 
words. 


= value of 77211 (or 77233 ) in generation n 


L 1 

4 . 2 ”^^ 


for 72 = 1,2,... 


Similarly, Un = value of 77213 (or 77231) in generation n 



Thus, Zr, = MTX. 

As « 1/4 and Un 1/2, the giving 


M^ 


4 

2 

4 


]_ I 

4 4 

2 2 

4 4 


leading to 


4 

2 

j_ 

4 


In general, Hardy-Weinberg equilibrium is maintain¬ 
ed under six possible matings (random mating). But in 
this case, restricted mating to a heterozygote alone, viz. 
YY X Yy : Yy X Yy : yy X Yy, maintains such an 
equilibrium with initial frequencies of genotypes (1/4, 
1/2, 1/4). 

To examine whether the results extend to a general 
two-gene case with linkage, let us consider an Fi 
generation consisting of only AB/ab, the coupling 
double heterozygote. Let the recombination fraction be 
r. As described earlier, let F 2 be obtained by mating Fi 
with AB/ab and F 3 by mating the progeny generation 
with AB/ab and so on (Table 1). On examining the 
frequency of the 10 resulting genotypes, it is easily seen 
that they can be arranged in 5 genotypic groups. 
Individual genotypes in each group have identical 
frequencies (see Table 1). Further, we note that 


Table 1. Frequency of genotypes under heterozygote x hetero¬ 
zygote matings in two genes. 

AB^ AB 

-F,x- 

ab ab 

T. ab 
F,x — 

ab 

leads to 

five groups of genotypes 


AB 

ab 


AB’ 

ab 


AB 

AB 

Ab 

Ab ’ 

aB ’ 

ab ^ 

Ab 

aB 


Ab’ 

aB 


AB 



ab 



Ab 



aB 




Genotypic 

group 


Frequency in 

F 2 

F 3 

I 


i(l-r)[(l-r)(l-27-) + l] 

II 


+1/4] 

III 


|r"{3-2r) • 

IV 


^(l-r)[(l-r)(l-2r) + l] 

V 


T'-'(3-20 
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Table 2. Transition of genotypic group frequencies under 
linkage in two genes. 


Genotypic 

group* 


0 

11 

V- 


II 


r= 1/2 

F 2 

F 3 

F 2 

F 3 

F 2 

Fs 

T 

1 

1 

9 

33 

1 

1 


4 

4 

64 

256 

16 

16 

TT 

n 

A 

3 

13 

1 

1 

11 

u 

U 

32 

128 

8 

8 

III 

0 

0 


5 

1 

1 




64 

256 

16 

16 


*As in Table 1. 


genotypic groups IV and V consist of coupling and 
repulsion double heterozygotes with twice the 
frequencies of groups I and III, respectively. Hence, for 
all practical purposes, it is enough to consider groups I, 
II and III only, whose frequencies in F 2 and F 3 have 
been derived (Table 1 ). 

Three distinct cases of (r = 0, 1/4, 1/2) help to 
evaluate, under linkage, the trend in transition of 
frequencies from F 2 to F 3 in various groups (Table 2). 
When linkage is extremely strong (r 0), the 
population consists of only AB/AB, AB/ab and ab/ab 
which is identical to the one-gene case, gametes AB, ab 
behaving like alleles of a single locus. In the case of 
r = 1 / 2 , equivalent to no linkage, the population remains 
in Hardy-Weinberg equilibrium. Therefore, this case is 
also analogous to the monogenic case. When the linkage 
is not tight (0 < r < 1/2), the frequencies of groups II 
and III, and, therefore, of V increase at the cost of I and 
IV. In other words, frequencies of homozygotes at both 
loci (AB/AB, ab/ab) and of the coupling double 
heterozygote (AB/ab) decrease, consequently increasing 
heterozygosis. This result is similar to that derived in 
the single-gene case. Thus, the results of the monogenic 
case hold broadly in the digenic case too. It is easy to 
visualize the corresponding results if we start with a 
repulsion double heterozygote in Fi. 

The mating system described above can be practised 
in F 2 and further generations in breeding for improved 
productivity in plants. At present even biparental mating 
(in F 2 ) that neither distinguishes parental genotypes nor 
restricts matings to heterozygous parents has been 
established to be superior than selfing in producing 
utilizable genetic variability. In this context, the present 
results focus sure clues to improve such variability still 
further. Even in polygenic systems (more relevant to 
practical plant breeding situations), it is possible to 
detect more likely heterozygotes. For instance, such 
genotypes would show significant improvement in the 
desired direction over the better parent for a number of 
characters (as per heterosis concepts). Restricting the 
mating of the progeny population to such genotypes 
would scale up the frequency of matings involving a 
heterozygote. Further, by similar methods one can 
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Table 3. QT means in successive generations of selfing in 
two linked genes. 

Generation QT mean 

F3 + 



F» iw 

X = 1/2 - r; w = (1/2 - r)/(l/2 + f); y = + {I - rf \ 

z = r(l -r)(l -r + r^). 

restrict the parents chosen from the progeny population 
to the most-likely heterozygotes. Only more experiments 
with plant/animals can provide confirmatory support and 
crystallize concepts with concrete application potential. 

Case 2, Continued selfing in two linked genes 

Selfing is the most common method of advancing 
generations in plant breeding. The reduction of 
heterozygosity under selfing is well-known and 
recurrence relations have been developed for a single 
gene and two unlinked genes in the absence of linkage 
disequilibrium. In the latter case, the process is 
equivalent to a single gene except that there are two 
dominance effects /ib) corresponding to the two 
genes and consequently a dominance-dominance inter¬ 
action (/). The theory has been well documented^’ 

It is generally believed that the final state, namely, 
complete absence of heterozygosity, will be reached 
asymptotically when factors like linkage disequilibrium, 
inbreeding and low recombination (recombination 
fraction r near zero) implying tight linkage are taken 
into account. The mean value for a quantitative trait 
(QT) decreases gradually over successive generations. 
In a single gene, QT mean in the final state becomes 
equal to (/? - q)d^ where p is the frequency of the 
dominant allele, q = \ -p and d, h, -d represent the QT 
values of dominant homozygote, heterozygote and 
recessive homozygote, respectively, following Mather 
and Jinks^ If, in addition, p = 1/2, the QT mean at the 
final state = 0. 

In the case of two genes, this result does not extend 
unconditionally. When the recombination fraction 
1/2 and initial linkage disequilibrium D is absent in 
large random mating populations, an equilibrium is 
maintained. On the other hand, continuous selfing will 
lead to a final state in which the four homozygotes, viz. 
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Table 4. Changes in mean values of QT over successive generations of selfmg in two linked genes 

for various values of recombination. 


Generation 




r=0 


Fi 


F2 


F3 


F„ 

F- 


K +A 



1,, 1(5'], 1. 

2(4+4)+2[8j^^4' 



K+K . 1 

(A,+\)+(5/8r'/ ir 1 


2«-i 4/^1 2"“^ 4 ""^J 




^+^+l 

^n-l 



AABB, AAbb, aaBB and aabb (if the two genes are 
A—a, B-b) will occur with equal frequencies if 
Pi =/?2 = 1/2, leading to a QT mean value = 0. This 
result is then an extension of the result from a single 
gene. 

However, when the recombination fraction ^ 1/2, such 
results do not extend. The recurrence relations giving 
the QT mean value in successive generations, not 
published so far, have now been derived and presented 
in Table 3. The QT mean is shown to have contributions 
of not only h^, /zb and / but also /, the additive-additive 
interaction effect. 

When r = 0, i.e. when there is complete linkage, the 
QT mean in the final state (after a very large number of 
generations corresponding to Foo) = /, which goes on 
reducing and becomes zero when r=\/2 (corresponding 
to unlinked loci, as mentioned earlier). Broad 
extrapolation of these results to a general polygenic case 
would suggest that the QT mean, after a very large 
number of generations, would still be a function of 
interactions, including the additive-additive type, for 
the two-gene case (Table 4). In practice, it is not 
possible to attain the final state F*. In addition, plant 
breeders advance, most often, progeny generations by a 
finite sample of selfings, which in reality, may lead to 
results far away from the theoretical expectations (cf. 
Tables 3 and 4). 

It is thus clear that practical plant breeding situations 
suffer a few drawbacks: 


(a) The number of matings to advance progeny 
generations is finite and often too small to be 
amenable to theoretical formulation. Further, the 
finite and small progeny sizes maintained in 
practical breeding experiments cannot admit to a 
large number of successive selfings and, therefore, 
the Fo, state can rarely be approached. 

(b) Assumptions of a large population, independent 
and additive genes on which theories are built"^ 
cannot, in general, fit practical plant breeding 
situations, grossly reducing the suitability of such 
theories. 

Nevertheless, the result that in a two-gene system 
practising selfing the QT mean at the final state would 
be a function of the value of additive-additive effect and 
r, the recombination fraction, is significant. 


1. Li, C. C., Population Genetics, Chicago University Press, 
Chicago, 1955. 

2. Kempthorne, O., An Introduction to Genetic Statistics, John 
Wiley & Sons, New York, 1957. 

3. Crow, J. F. and Kimura, M., An Introduction to Population 
Genetics Theory, Harper and Row, New York, 1970. 

4. Mather, K. and Jinks, J. L., Biometrical Genetics, Chapman and 
Hall, London, 1971. 

5. Smith, C. A. B., Biomathematics, Vol II, Charles Griffin & Co., 
London, 1969. 


Received 2 November 1993; revised accepted 10 October 1994 


CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 


89 




RESEARCH COMMUNICATIONS 


Discovery of the ectoparasitic mite 
Tropilaelaps koenigerum 
Delfinado-Baker and Baker (Acari: 
Laelapidae) on Apis dorsata F., 

A. mellifera L. and A. cerana F. 
in Jammu and Kashmir, India 

D. P. Abrol and B. N. Putatunda* 

Sher-e-Kashmir University of Agricultural Sciences and Technology, 
Regional Agricultural Research Station, R. S. Pura, Jammu 181 102, 
India 

♦Department of Zoology, Chaudhary Charan Singh Haryana 
Agricultural University, Hissar 125 004, India 

Honeybee species Apis mellifera L. and A. cerana F. 
have been recorded as new hosts of an ectoparasitic 
mite, Tropilaelaps koenigerum Delfinado-Baker and 
Baker. The presence of T, koenigerum in A. dorsata 
F. colonies has also been recorded for the first time 
from Jammu and Kashmir, India. 

Honeybee colonies are attacked by various species 
of mites which cause considerable damage^“^. The 
primary problem mites are Varroa jacobsoni Oudemans, 
Tropilaelaps clareae Delfmado and Baker, Acarapis 
woodi Rennie and Euvarroa sinhai Delfmado and 
Baker. The phoretic mite, Neocypholaelaps indica 
Evans, and the stored product mite, Tyrophagus longior 
(Gervais), are rather harmless. Amongst these, 
Tropilaelaps clareae is a well-known destructive pest of 
honeybees A, mellifera^ A. cerana and A. dorsata in 
most of Asia, while T. koenigerum Delfinado-Baker and 
Baker is a recent discovery in colonies of A. dorsata 
from Sri Lanka^ and A, dorsata and A. laboriosa from 
Nepal^. This paper reports A. mellifera and A. cerana as 
new hosts of T. koenigerum. It also records from Jammu 
and Kashmir, India, for the first time, the presence of T. 
koenigerum in A. dorsata colonies. 

In subtropical areas of Jammu, India, all the four 
honeybee species, viz. A. dorsata^ A. florea, A. mellifera 
and A. cerana co-exist. Fifty colonies of^. mellifera, 20 
of Apis cerana, 14 of florea and 63 of A. dorsata 
were sampled for the presence of mites from March to 
October 1993. Examination of debris, bee combs, brood, 
honey and pollen revealed simultaneous infestations of 
Tropilaelaps clareae and T. koenigerum in A. mellifera 
and A. dorsata. However, in A. cerana, besides these 
two mite species, Varroa jacobsoni was also present. In 
A. florea, E. sinhai was present. In addition to the 
ectoparasitic mites, the stored product mite, T. longior, 
and the phoretic mite, N. indica, were also found 
associated with all the honeybee species. Peak 
infestations of the mites were observed from March to 
May coinciding with the peak period of brood rearing 
activities of the honeybees. In general, infestations of 
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T. koenigerum in colonies of different honeybee species 
ranged between 3.0-37.5 per cent with peak infestations 
during March-May. On an average, the number of 
T. koenigerum in g“^ debris of A. mellifera and A. 
cerana colonies was 42.00 ±4.41 (/? = 20) and 

35.8013.97 (« = 20), respectively. Whereas, g”^ comb 
droppings (obtained after dusting entire or part of the 
comb on white paper) of A. dorsata had 59.60 ± 6.61 
in = 20) T. koenigerum. The spread of this mite to 
Indian honeybees Apis cerana, A. dorsata and European 
bee A. mellifera could present a serious problem in 
Asian bee-keeping. 
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Vaccination of hamsters with 
Mycobacterium habana against 
Leishmania donovani infection 

Anuradha’^, Kaneez Zehra*, J. C. Katiyar*, 

H. P. Gupta and N. B. Singh 

"“Division of Parasitology and Division of Microbiology, Central 
Drug Research Institute, Lucknow 226 001, India 

Mycobacterium habana M. 5 //w/fl^-serovar-l a vaccine 
candidate against leprosy and tuberculosis has been 
evaluated for its protective efficacy against 
Leishmania donovani in hamsters. Three different 
preparations of M. habana vaccine (live, r-irradiated 
and heat killed) have provided significant protection 
against L. donovani challenge in hamsters. Of the 3 
forms, the heat killed preparation has afforded 
(82.7%) protection closely followed by r-irradiated 
(73.2%) and live preparations (57.5%). There has 
been a considerable degree of in vivo cross-reactivity 
between M. habana^ £. donovani and BCG antigens 
in developing delayed hypersensitivity reactions in 
mice. Possibilities of using M habana preparations 
for elicitation of functional immunity against visceral 
leishmaniasis have been disscussed. 

Visceral leishmaniasis, a chronic protozoan infection 
caused by Leishmania donovani often attains epidemic 
dimensions affecting millions across the globe parti¬ 
cularly in tropical and subtropical countries. The flagel- 
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lated protozoan hides inside the macrophages of the 
victim and strikes at the body’s defence mechanism 
leading to severe impairment of immune systems and 
eluding almost all therapeutic measures. The unique 
characteristics of the parasite make it hard to control 
and therapeutic agents hard to develop. 

Time and again vaccines have been the best 
preventive measure against several diseases and during 
the past few years concerted efforts have been made to 
evolve vaccine(s) against leishmaniasis Bacilli 
Calmette and Guerin (BCG) a non-specific stimulator of 
the immune system has been widely used with some pro¬ 
mise against tumour immunity and other infections^'^ 
barring leishmaniasis, where protection has been 
equivocal^^^^. Past experiences of BCG vaccination in 
other diseases have been variable, therefore search for 
alternative cross-reactive immunogens may be of 
renewed interest. 

Leishmaniasis and leprosy having several common 
facets in pathogenesis and progression of the diseases, 
could be cross-linked for devising a common strategy 
for their control One such immunogenic strain of 
Mycobacterium designated M. habana TMC 5135 
(M simiae Serovar-1) has been identified at CDRI*^. 
A vaccine prepared from the mycobacterium is effective 
against M tuberculosis, M. leprae and M ulcerans 
infections in mice^^"^^. Several proteinaceous antigens 
are common between M. habana, M. tuberculosis, 
M. leprae and BCG^^ These experiences prompted us to 
investigate the role of M habana and BCG vaccines 
against L. donovani infection in hamsters. 

L. donovani strain (Man/IN/Dd8) obtained from PCC 
Garnham, Imperial College, London was maintained in 
outbred hamsters (35-45 g). Amastigotes for 
experimental use were collected from the spleen of 
hamster infected 6-8 weeks earlier. An inoculum of 
1 X 10^ amastigotes per 0.1 ml was prepared as 
described by Pal et al.^^. Promastigotes were cultured in 
NNN (Nicolle, Novy and Me Neal) tubes using RPMI- 
1640 as an overlay. The parasites were harvested from 
8-10 days old culture (stationary or metacyclic forms) 
and washed by centrifugation. 

In the case of Leishmania vaccine, for immunization, 
the formalin-killed promastigotes were used. The 
washed promastigotes were suspended in 0.1% formalin 
for 30 min at room temperature. The treated proma¬ 
stigotes (killed) were washed thrice in PBS to remove 
formalin and these were counted in a haemocytometer, 
resuspended in PBS at 5 x 10%. 1 ml concentration and 
stored at -20°C until use. 

In the case of Leishmania antigen (Leishmanin), the 
washed promastigotes were sonicated in an ice bath for 
6 minutes separated by an interval of 2 minutes using 
sonicator (Soniprep 150). The suspension was left at 
4°C overnight for complete extraction of soluble 
protein. It was centrifuged at 660 g for 30 minutes. The 


supernatant was aspirated, its protein content was 
determined by Lowry method^^. The sonicated soluble 
antigen so obtained was dispensed into small aliquotes 
and stored at-20°C until use. 

. In the case of M. habana vaccine, M. habana TMC 
5135 (M. simiae Serovar-1) having three strong markers, 
the photochromogenicity, strong niacin and catalase 
positivity, was obtained from Trudeau, Mycobacterial 
Culture Collection Centre, Sarnac Lake, New York. It 
was maintained in vitro on Lowenstein-Jensen (L-J) 
medium. Briefly, ten days old culture grown in liquid 
Sauton’s medium in the logarithmic growth phase was 
washed three times with saline at 4°C and finally 
suspended at a concentration of 15 mg/ml. A part of the 
suspension was inactivated to sterility with gamma 
irradiation from 60 cobalt source at 300 K rads and the 
other part was inactivated to sterility ty heating/boiling 
at 100°C for 30 minutes. Sterility of the irradiated/killed 
vaccine was confirmed by absence of any growth upon 
inoculation on L-J medium, nutrient broth and nutrient 
agar slants. The r-irradiated and heat killed preparations 
were stored in suitable aliquotes at -20°C. 

In the case of BCG vaccine, BCG (TMC 403) was 
maintained in L-J medium. Ten days old culture growth 
was harvested, weighed and diluted at a dose of 1 x 10^ 
AFB/= 1 mg wet weight. An inoculum of 0.1 ml of the 
above dilution was injected intradermally to each 
hamster. 

Habanin and Begin were prepared in the same way as 
described for leishmanin. 

The immunization protocol involved hamsters in five 
groups, each having 10 animals. These were taken for 
vaccination. Three groups (I-III) were vaccinated 
intradermally with 1.5 mg/animal (1.5 mg weight = 
6.27x10^ AFB=63.3 \ig protein) of r-irradiated, live 
and heat killed M. habana preparations separately. 
Animals of Group IV were vaccinated with BCG 
(1.0 mg/animal = 1 x 10^ AFB) and those of Group V 
were kept as unvaccinated control. All the five groups 
were given challenge on day 21 post vaccination with 
1 X 10^ amastigotes of L. donovani intracardially. The 
animals were kept under constant supervision and 
observed for mortality and/or any other changes. 25-30 
days later, the animals were biopsied for assessment of 
splenic parasites load. The experiment was terminated 
after 50 days of challenge. 

For studying delayed type hypersensitivity response, 
sixty young healthy mice were equally divided into 
4 groups. Group I, II and III were injected intradermally 
with formalin killed promastigotes (5 x 10%nimals), 
BCG (1.0 mg/animal) and r-irradiated M habana 
(1.5 mg/animal) preparations separately. Animals of 
group IV were sensitized with diluent only which served 
as control. For elicitation of DTK, every group of mice 
was further subdivided into 3 sub-groups of 5 animals 
each. Mice of each sub-group were challenged subcu- 
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Table 1. Effect of vaccination with different preparations of Mycobacterium habana against Leishmania donovani 

in hamsters. 


Groups 

sensitized 

Dose 

(mg/animal) 

No. of animals 
survived/ 
vaccinated on 
day 25-30 
post-challenge 

Parasite 
burden 
per 100 
cell nuclei 
(Mean ± SD) 

% Inhibition 
(Mean ± SD) 

No. of vaccinated 
animals survived 
on day 50 of 
challenge 

M. habana 






Live 

1.5 

20/24 

17.4 ±7.79 

57.5 ± 18.30 

20 

r-Irradiated 

1.5 

26/29 

11.0 ±6.29 

73.2 ± 14.9* 

26 

Heat killed 

1.5 

9/10 

7.1 ±3.79 

82.7 ±8.39*^ 

9 

BCG 

1.0 

19/29 

11.5 ± 8.35 

72.0 ± 19.6* 

16 

Control 

(Unsensitized) 


27/28 

41.2 ±23.9 


7 


♦Significant. 

♦♦Highly significant {P <0.01) 


Habanin 


M aCGin 



(y - irradiated) BCG FKP of L-donovanI 

M. habana 

-- VACCINES ----- 

Figure 1. Generation of foot pad enlargement after vaccination and 
challenge. 

taneously in the right hind feet with either habanin or 
Begin or leishmanin (100 |ig each/animal). Foot pad 
enlargement (FPE) was observed at 24 and 48 h of the 
challenge with sensitins according to Shepard’s 
method^"^. 

The results presented in Table 1 showed that all 
physical forms of M habana (live, r-irradiated and heat 
killed) gave significant protection against L donovani 
challenge. Of the three preparations, at a dose level of 
1.5 mg/animal, the best resistance to the infectious 
challenge of L donovani was afforded by heat-killed 
M. habana (82.7 ± 8.39%) followed by r-irradiated 
(73.2 ±14.9%) and live preparations (57.5 ± 18.3%). 
BCG (1.0 mg/animal) also provided almost similar 
protection (72.0 ± 19.6%). 

All the groups sensitized either with BCG, M habana 
(r-irradiated) or L. donovani (FKP) elicited positive 
DTH response when challenged with homologous or 
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heterologous antigens in a criss-cross fashion (Figure 1). 
There was negligible foot pad enlargement in diluent 
vaccinated animals against all the 3 eliciting antigens. 

The therapeutic measures presently available to 
combat visceral leishmaniasis are grossly inadequate^^. 
The other control strategies - prophylaxis and immuno¬ 
therapy are yet to emerge. Since vaccines have 
advantages over therapeutic regimens , we ventured to 
search for effective immunogens against visceral 
leishmaniasis. Mycobacterium spp. are known to poten¬ 
tiate non-specific immune responses of the host and also 
share antigens common to leishmanial parasites^^. Since 
immunity engendered by leishmanial parasites is of 
considerably lower profile and the parasite cultivation 
for mass antigen production a tedious task, it will be 
pertinent that mycobacterium organisms could advanta¬ 
geously be exploited for vaccination against visceral 
leishmaniasis. 

The vaccine made from M. bovis (BCG) elicits 
protection against several infectious diseases including 
leishmaniasis^^’BCG in combination with leish¬ 
mania promastigotes has been successfully used to 
vaccinate school children against visceral leishma¬ 
niasis^"^. Despite these commendable findings at times, 
the action of BCG is not consistent and largely remains 
unpredictable^^’The other species of mycobacte¬ 
rium, M. leprae has so far defied all attempts to grow in 
artificial media, thus limiting its commercial viability. 
M, tuberculosis is highly virulent. 

M habana (M. y/w/a^-Serovar-l), an atypical myco¬ 
bacterium has a broad spectrum of action against 
mycobacterial infections like leprosy and tuber¬ 
culosis It is non-pathogenic, easily cultivable and 
possesses heat and irradiation stable protective antigens 
like M leprae. Thus, this strain was studied for its 
protective efficacy against visceral leishmaniasis in 
hamsters. The cross protectivity and cross-reactivity 
given by M habana against L. donovani is presumably 
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based on the presence of common antigens between the 
two organisms and this has been experimentally 
established by SDS-PAGE analysis (unpublished) of 
antigens of both the micro-organisms. Wherever BCG 
has been used, it is always in the live stage and killed 
BCG has no protective value. 

The degree of excellence M habana possesses over 
BCG and the present findings indicate that this strain 
could advantageously be exploited for elicitation of 
functional immunity against the fatal disease - visceral 
leishmaniasis. 
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Bangalore Puttaiya Radhakrishna 


A tribute on his 75th birthday 


‘The truly great are not the men of 
wealth, of possessions, not men who 
gain name and fame, but those who 
testify to the truth in them and refuse to 
compromise whatever be the cost. They 
are determined to do what they consider 
to be right. We may punish their bodies, 
refuse them comforts, but we cannot buy 
their souls, we cannot break their 
spirits. Whoever possesses this invul¬ 
nerability of spirit even to a little extent 
deserves our admiration \ 

- Sarvepalli Radhakrishnan 

Bangalore Puttaiya Radhakrishna (popu¬ 
larly known as BPR) certainly belongs 
to this category of luminaries and I have 
great pleasure and pride in paying my 
tribute to him on his 75th birthday. 

Early years 

BPR was born on the 30th April 1918 at 
Bangalore, as the third son of Sri 
Bangalore Puttaiya, a well-known 
public figure of Mysore State. BPR 
graduated from the Central College, 
Bangalore in the year 1937 obtaining 
BSc (Hons) degree in Geology in First 
Class and securing a gold medal. 

Soon after graduation, he joined the 
Mysore Geological Department (MGD) 
as a field assistant at the young age 
of 19. 

Service in the Mysore 
Geological Department 

The Mysore Geological Department was 
started by Robert Bruce Foote in 1894 
as the first State Geologist and later 
followed by W. F. Smeeth, P. Sampat 
Iyengar, B. Rama Rao - all stalwarts of 
Mysore Geology. These early pioneers 
were responsible for building a coherent 
geological history of the Precambrian of 
south India and for producing one of the 
finest and accurate geological maps of 
the State. 

BPR served the Department for 37 
years and retired from service in 1974. 


Reproduced from Volcanism, 1994, pp. 
v-xii. 


His tenure of office as Director of the 
Department saw a great expansion in 
activities, especially in mineral resource 
development and the utilization of 
groundwater resources of the State. 

Geological Society of India 

BPR will be remembered for his service 
to the cause of geology in India. Besides 
being a core member of the group that 
conceived the idea of forming a Society 
in 1958 for ‘improvement in the 
standard of geological research, by 
providing a forum for free exchange of 
ideas and media for quick publications 
of results and wide dissemination of 
knowledge’, he served as the first 
Secretary for fifteen years and later as 
the Editor between 1974 and 1992. 

The Society under his fostering care 
has developed and continues to flourish. 
The Journal which was issued once a 
year became a monthly. Apart from 
maintaining high standards for the 
Journal, a series of other publications. 
Memoirs, Lecture Notes, Field Guide 
Books, Mineral Resource Series and 
Textbooks of Geology and Mineral 
Resources of individual States have 
been brought out. 


BPR has always paid attention to the 
organization of Symposia, Group Dis¬ 
cussions and Field Workshops. For the 
past few years the Annual Meetings of 
the Society are being held at different 
centres in the country to emphasize the 
national character of the Society and 
also to spot promising young talent and 
encourage its development. 

The publications of the Society have 
exercised a beneficial influence on the 
growth of Earth Science Studies in 
India. The Society has grown in stature 
and has nearly 2000 members on its 
roll. BPR’s deep involvement and 
selfless service are central to the 
Society. We feel honoured to count him 
as our friend, colleague and a guiding 
spirit. 

BPR always encouraged multi¬ 
disciplinary efforts to study geological 
problems. The recent Workshop held at 
Khandala near Bombay illustrates this 
point very well. We then had 
participants from different disciplines: 
physics, chemistry, metallurgy, earth 
science, material science, electronics 
and astrophysics. 

The distinguishing character of his 
approach is his remarkable inde¬ 
pendence, he was reluctant to seek 
governmental support for the Society. 
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On the contrary, he firmly believed in 
personal commitment involving the 
intellectual labour of its fellows rather 
than financial contributions. 

Some of BPR’s varied interests and 
the contributions he has made to our 
knowledge of Indian Geology can be 
briefly narrated. 


Western Ghats 

BPR was attracted to the Western Ghats, 
one of the most spectacular hill ranges 
representing the magnificent escarpment 
of late Tertiary age paralleling the west 
coast of India. He was the first to point 
out, way back in 1952, that the 
Peninsula is not a static mass unaffected 
by recent tectonic movements. His 
logical deductions pointing to domal 
uplift and rifting, are mainly based on 
physiographic peculiarities like: 
‘marked diversity of landscape, the 
youthful character of the rivers, the 
precipitous escarpments, the narrow 
gorges and the relative high elevation of 
the plateau compared to the plains’. He 
also brought out the significance of the 
easterly drainage of the Indian peninsula 
and identified cyclic erosion surfaces 
developed as a result of intermittent 
uplift. 

His ideas on the evolution of the 
Indian Peninsula are embodied in two 
of his early works — The Mysore Plateau 
(1952) and the Western Ghats of the 
Indian Peninsula (1965). 

Closepet Granite 

During the early fifties BPR made a 
special study of the Closepet granite, a 
suite of younger porphyritic potassic 
granites occurring as a long linear belt 
traceable for more than 500 km showing 
the same physiographic trend as those of 
the greenstone belts in the Dharwar 
craton. He was the first to invoke the 
role of anatexis and partial melting of 
Peninsular gneiss to account for the 
origin of the pink porphyritic granites. 

The importance of the linear 
disposition of Closepet granite is 
highlighted by its being considered as 
occupying a major geo-suture separating 
the granite-greenstone terrane of the 
Indian peninsula into two blocks of 
different crustal thickness. BPR was 
awarded the doctorate degree in 1954 by 
the Mysore University for his work on 
Closepet granites. 


Precambrian of South India 

In 1982, he delivered an address at the 
Indo-US Workshop on ‘Archaean 
Granite-Greenstone Terrain of the 
South Indian Shield’. In this address he 
reviewed the present state of our 
knowledge about the Precambrian of 
South India and its metallogeny. He 
described the three principal rock 
associations which characterize the 
Archaean of South India - 1) the high 
grade granulite association, 2) the 
granite-greenstone association (Ancient 
Supracrustals) and 3) the craton-basin 
association (Dharwars). According to 
him Tn no other part of the world, 
perhaps, are the three associations 
brought together in such a well-knit 
composite unit as in South India 
affording excellent opportunities for a 
close study and understanding of the 
different stages in the evolution of the 
early continental crusf. 

At the request of Prof R. C. Newton, 
BPR along with S. M. Naqvi presented 
a lucid account of the Indian 
Precambrian crust and its evolution, 
which was published in the Journal of 
Geology (1986). 

Suspect terrane elements in the 
Indian subcontinent 

BPR was struck by the unique geology 
and physiography of the Indian 
subcontinent and believed that ‘Great 
advances in science are possible with 
daring imagination and search for a 
simple design which underlies the 
complexity’. With his wide knowledge 
of geological literature, critical 
evaluation of data and intuition, he 
presented his original concept on the 
break-up and reassembly of different 
segments of the Indian continent at the 
Annual General Meeting of the 
Geological Society of India in 1987. He 
conceived of the Indian continent as 
being made of different crustal blocks, 
geologically unrelated to each other 
which were brought into juxtaposition 
and sutured together during different 
periods of earth history. According to 
him the land south of the Narmada, 
forming the Peninsular block and that 
portion lying north of the river, forming 
the Bundelkhand block represent two 
different terranes which were brought or 
sutured together during early Protero¬ 
zoic. 


Three billion-year-old barite 

The first reported occurrence of 3 
billion-year-old barite in the Dharwar 
basin from Ghattihoshalli, Karnataka by 
Radhakrishna and Srinivasaiah during 
1974 is highly significant in the context 
of the nearly uniform sulphur isotopic 
composition recorded by Thomas 
Hoering of the Geophysical Laboratory, 
Washington, DC, on these samples 
which positively record the ancient 
character of the sediment similar to 
those from Australian, African and 
Siberian shields. 

Crustal evolution and 
metallogeny 

BPR has provided a masterly review and 
synthesis on the influence of crustal 
evolution on ore deposition based on a 
thorough survey of the important 
metalliferrous deposits of India 
(Address delivered at the Annual 
Meeting of the Geological Society of 
India, Chitradurga; J. Geol Soc. India, 
V. 25, pp. 617-640). 

Mineral development 

BPR always championed the cause of 
self-sufficiency and the paramount need 
for rational utilization of our mineral 
resources, big or small, to our best 
advantage. He deprecated the export of 
minerals in the raw state. As the 
Chairman and Managing Director of 
Mysore Minerals Limited, he was 
responsible for the opening up of a 
number of mines for iron ore, man¬ 
ganese ore, chromite, kaolin, bauxite, 
and soapstone in different parts of the 
State. 

Gold — The Indian scene 

BPR and his former colleagues L. C. 
Curtis and G. K. Naidu of the Hutti 
Gold Mines recently brought out an 
informative publication on Gold 
stressing the urgent need for exploiting 
the numerous prospects. His recent 
publications give a clear insight into the 
rich potential there is for the 
development of the gold mining 
industry. These books form valuable 
additions to our knowledge and will 
serve as authentic reference works on 
the subject. 


CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 


95 



PERSONAL NEWS 


Field work and geological 
mapping 

BPR always emphasized the importance 
of field work right from the educational 
programmes to professional geological 
activities. Nothing can be more reward¬ 
ing since ‘Field activity introduces 
reality into earth science research. 
Nature can be a harsh critic, destroying 
elegant theoretical models with a few 
hard, cold facts’ (R. P. Sharp, 1988). 

Despite major emphasis on 
laboratory-oriented studies both at the 
Universities and various other Institu¬ 
tions, it is worthwhile recalling the 
prophetic words of the experimental 
petrologist Dr H. S. Yoder, Jr, 
emphasizing the basic philosophy of the 
father of modern experimental petrology 
Dr N. L. Bowen; ‘... re-examination of 
the field relations and testing in the 
field the principle deduced from experi¬ 
ment. The process is reiterated until a 
satisfactory interpretation results that 
will account for the field observations.’ 

BPR not only introduced the 
publication of Field Guide Books 
covering important geological areas 
from different parts of the country, but 
also made it a point to actively partici¬ 
pate in most of the field trips, the latest 
one being the Chitradurga field training 
programme of IIT Bombay students 
during December 1992. It was indeed a 
rewarding experience for both students 
and faculty to have him as a field instru¬ 
ctor in some of the remarkably well 
preserved stratigraphic sections in parts 
of the Dharwar craton where he started 
his career more than 50 years ago! 

Utilization of water resources 

BPR realized very early in his life that 
the prosperity of any State to a large 
extent depends on the wise utilization of 
its soil and water resources. In 1966, he 
organized a State Groundwater Cell in 
the Department of Mines and Geology 
of Karnataka State for the development 
of groundwater resources. Later, he 
extended these feasibility studies for 
groundwater development in other parts 
of India. As part of these programmes, 
he also investigated the foundation 
conditions of major dam sites — Kali, 
Ghataprabha, Malaprabha and Krishna, 
in the Karnataka State. 

After witnessing an acrimonious 
debate on the sharing of the Cauvery 
waters, he focussed the attention of 


scientists, engineers, politicians and 
bureaucrats on different aspects of water 
conservation and best means of manag¬ 
ing our water resources. 

1 am rather tempted to quote his 
words: 

‘Modern technology has been used in 
building high dams and storing water. But 
in the matter of conveying the precious 
water to the field and making it available 
for plant growth, technology has lagged 
behind. Accurate quantitative appraisal of 
resource availability, and its utilization 
are urgently needed. Water conservation 
measures have to be adopted taking 
lessons from Israel, a country which had 
made a success of its agriculture. Greater 
attention should be paid to groundwater. 
Porous and fractured rocks below ground 
function as a vast interconnected reser¬ 
voir. This natural storage which nature 
has provided should be allowed to get 
recharged with rainwater. These measures 
can be best attempted through the organi¬ 
zation of autonomous River Authorities 
for each river basin and sub-basin.’ 
{Current Science, V. 65, pp. 294--300, 
August 1993). 

Again and again, he has pointed to the 
continued neglect of the fertile black 
soil resources of Maharashtra, Karna¬ 
taka and Andhra, which are rapidly 
getting eroded and turning saline and 
infertile through excess irrigation. 

Deccan Traps 

With his life long association with 
Western Ghats, BPR has taken great 
interest in the study of the Deccan Traps. 
He in fact put forth most of his arguments 
on the evolution of the Indian continental 
lithosphere based on critical evidences 
from the Deccan Basalt Province. 

He was the moving spirit behind the 
two International Field Workshops on 
the Deccan Traps held in 1979 and 1988 
and was responsible for bringing out 
two publications by the Society which 
led to the renewal of interest and inten¬ 
sification of research on this Province 
with the participation of several inter¬ 
national groups. Today ‘the Deccan is 
one of the best studied volcanic provinces 
of the world and has certain features 
which characterize it as somewhat 
unique’. 

Honours and Awards 

Various awards and distinctions that 
have been conferred on BPR clearly 
bear testimony to the high esteem in 


which his contributions to science have 
been held, and also his untiring efforts 
and selfless service rendered to the 
advancement of geological sciences 
through the Geological Society of India, 
and his long established reputation both 
nationally and internationally, as a 
geologist of integrity, repute and courage. 

He was elected a Fellow of the Indian 
Academy of Sciences as early as in 
1956, Indian National Science Academy 
in 1972, Honorary Fellow of the 
Geological Society of London in 1986, 
and the Geological Society of America 
in 1988. The Pramatha Nath Bose 
Medal of the Asiatic Society, Calcutta, 
for the year 1990 was awarded to him 
for his ‘conspicuously important contri¬ 
bution to geology with reference to 
Asia’. The Indian School of Mines 
conferred on him the Honorary degree 
of Doctor of Science in 1992. In 1971, 
he received the National Mineral Award 
of the Government of India. The 
prestigious D. N. Wadia Gold Medal 
was awarded to him by the National 
Science Academy in 1993. In the same 
year, in recognition of his meritorious 
services rendered to Science, the President 
of India conferred on him ‘Padma 
Shree’. The Karnataka Sahitya Academy 
recognized the biography he has written 
on ‘Raman’ as the best biography 
produced in Kannada in 1989. 

Remarkable qualities 

What is unique in BPR? It is not merely 
his writings, but his nobility of 
character which ‘derives pleasure at 
seeing the advancement of others’, his 
courage, forthright criticism, total 
commitment to work and above all his 
love, affection and encouragement for 
all his associates at all levels - be he a 
driver, steno or a geologist. 

His actions and deeds continue to 
promote among the younger generation 
of Earth Scientists a sense of self 
respect and a realization of the power 
that is lying dormant within. The culture 
and tradition that has been built and set 
in by the first Editor, Professor L. Rama 
Rao, was continued by BPR, encourag¬ 
ing original work, bringing in ‘new 
ideas, energy and a healthy scepticism 
about established notions’ - the essence 
of scientific growth. 
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Professor William Dixon West (1901-1994) 


An obituary by B. P. Radhakrishna 


Indian geology owes a great deal to the 
early pioneers from Britain who came 
over to India to man the newly created 
Geological Survey. No one studying 
Indian geology can ever forget the 
massive contributions to our knowledge 
by persons like Oldham, Medlicott, 
Blanford, Holland, Bruce Foote, Fermor 
and several others. Dr West was the last 
of these giants. 

Early years at Cambridge 

West was born on 27th January 1901. 
There is little information readily 
available about his early education. It 
must have been notable for it qualified 
him to move on to that prestigious 
centre of learning, Cambridge, where he 
came under the influence of Prof. A. 
Barker, the noted petrologist whose 
famous textbook on Metamorphism had 
helped to mould the career of many an 
aspiring geologist. West’s career in 
Cambridge was distinguished by the 
winning of the Winchester prize in 1922 
and the Harkness scholarship. 

Geological Survey of India 

Soon after graduation in 1923, West 
joined the Geological Survey of India. 
His first assignment - the mapping of 
the Sausar belt in Central Provinces to 
which region he was introduced by no 
less a person than Sir Lewis Fermor 
himself. This area became for West a 
frequent pilgrimage and we owe one of 
the best accounts of the ancient 
schistose rocks of this region to him. In 
the course of his early work in the 
Central Provinces he produced evi¬ 
dence, for the existence of a 'nappe' in 
the vicinity of Deolapar where different 
facies of Sausar sediments originally 
deposited far apart were brought 
together in juxtaposition. 

Work in the Simla Himalaya 

One of the privileges of being an officer 
of the Indian Geological Survey was the 
opportunity it provided for working in 
some of the remotest and inaccessible 


parts of the country. Working in the 
Nagpur-Chindwara area in the winter 
months, West moved on to the Simla 
Himalaya during the summer, working 
along with G. E. Pilgrim. His work in 
the Himalaya enabled him to identify 
large-scale overthrusts and recumbent 
folds. The results of this early work 
were published in a classic memoir 
authored by Pilgrim and West. This was 
the first attempt at modern interpreta¬ 
tion of the structure of the Himalaya. 
His researches earned for him the DSc 
degree by the Cambridge University in 
1945. 



Work on the Deccan Traps 

The Deccan Traps, representing a 
stupendous burst of volcanic activity at 
the end of Cretaceous, attracted the 
early attention of West. He got 
particularly interested in the age and 
duration of Deccan Trap activity. He 
found very little evidence of erosion 
between successive flows of lava and 
came to the conclusion that the traps 
were erupted rapidly in quick succes¬ 
sion. Recent researches on the age of 
the Trap rocks have proved the correct¬ 
ness of West’s observation. 


He also became deeply interested in 
the picritic basalt flows identified in 
Cutch and speculated on their origin. 
West kept himself in close touch with 
modern developments in this field and 
in 1983, delivered the D. N. Wadia 
Memorial Lecture in which he made a 
comparative study of Deccan with other 
flood eruptions like the Columbia River 
Basalts of US, the Karoo Basalts of 
South Africa, the Tertiary Lavas of 
Britain and Greenland. His conclusions 
were that the lavas were mainly 
tholeiitic, derived perhaps from an 
eclogitic or peridolitic source in the 
upper mantle and that the nature of the 
magma eruption depended on the 
structural history of the province. 

He viewed with disbelief modern 
developments in the plate tectonic era 
which invoked the long northward 
journey of the Indian sub-continent and 
the possible triggering of volcanism to 
hot spot activity. He dismissed these as, 
'rather heady stuff and too speculative’. 
Nevertheless, he realized that Deccan 
Traps represented one of the most 
magnificent developments of fissure 
eruption in the world and emphasized 
the responsibility of Indian geologists to 
study it from every possible angle. 

Quetta earthquake 

On 31st May 1935 Baluchisthan-Quetta 
was rocked by a severe earthquake 
which took a toll of 25,000 lives. 
West’s account of this earthquake is a 
classic. He paid particular attention to 
the deciphering of conditions under 
which great damage was caused. The 
strain on the rocks arising from severely 
compressed and looped fold axis in the 
region of Quetta was considered by him 
to be probably responsible for the 
seismic instability of the Baluchisthan 
region. West’s presidential address on 
‘Earthquakes in India’ delivered before 
the Geological Section of the Indian 
Science Congress in 1937 is a masterly 
review which every student of Indian 
geology should read. 

In 1940-42 West led a party to 
Afghanisthan in search for coal and was 
successful in locating workable deposits 
in the region of Darra-i-Suff 
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Director of the Geological 
Survey of India 

West became the Director of the 
Geological Survey of India in 1945 and 
held that office at the time India gained 
Independence. It was during this time 
that the Centenary of the Geological 
Survey of India was celebrated and he 
played host to many distinguished 
geologists from overseas who visited 
India on that occasion. 

War had disrupted geological 
activities and it was given to West to 
reorganize the work of the Survey and 
enlarge its scope. He created new 
sections for Mineral Development, 
Engineering Geology and Groundwater. 
Separate wings were created for Geo¬ 
physical Investigations, Exploratory 
Mining and Drilling. New sections for 
Petroleum Exploration and Rare 
Minerals were started. These, later 
blossomed into separate organizations 
like the Oil and Natural Gas Commis¬ 
sion and the Atomic Minerals Division 
of the Department of Atomic Energy. 
Mineral investigations gained in 
importance. In 1951, he retired from 
service giving place to Dr M. S. 
Krishnan who took over as the first 
Indian Director of the Geological 
Survey of India. 

West remained a bachelor and missed 
"the enduring elegance of female 
friendship’. Nevertheless, he is credited 
with taking the first step at recruiting 
ladies into the Survey both in the 
scientific and administrative sections. 
During a long life he had the good 
fortune of cultivating enduring frien¬ 
dship with a large number of colleagues 
and students who held him in great 
esteem. 


Xhe Narmada~Son line 

He joined the Saugar University in 1955 
and remained there till the end of his 
life. He took interest in geomor- 
phological studies. Spending a good 

part of his life close to the Narmada 
river. West was struck with the 

structural importance of the Son- 

Narmada valley. He was the first to 
draw attention to the fact that there were 
no Gondwana rocks north of the line 
and no Vindhyan representatives to the 
south. Using this and several other 
e'vidences, a new theory has been 

recently put forward that the Indian 
continent is made of different crustal 


blocks, geologically unrelated to each 
other, which have been brought into 
juxtaposition and sutured together 
during different periods of earth history 
(see Radhakrishna, J. GeoL Soc. India, 
V. 1989, 34, 1-24). The classic work of 
West in Central India provided the 
impetus for the formulation of the above 
theory. 

Interest in geological 
education 

Throughout his career. West was 
interested in geological education. As a 
member of the Survey he took classes at 
the Presidency College, Calcutta. Later, 
he visited the geological departments in 
different Universities to gain first-hand 
knowledge of the facilities available for 
training of geologists recruited to the 
Survey and submitted a report. 

Professor Dudley Stamp, the famous 
geographer has the following tribute to 
pay to West: 

"Dr West epitomizes in his own 
person the tradition between Survey 
and Education and in the length and 
breadth of his work and interests has 
nobly maintained the standards set by 
a string of illustrious predecessors. 
When he might reasonably have 
retired from strenuous field work to a 
life of ease, he chose rather to help 
the students of India to further the 
knowledge of their country and 
resources and to devote to them his 
organizing ability and the fruits of his 
accumulated experience. His work has 
been followed with interest and 
admiration the world over.’ 

Every one of these statements is true 
and not in the least exaggerated. The 
Central Province Manganese Ore Co. 
(CPMO) had made a bequest of Rs 5 
lakhs (a considerable sum in the fifties 
of this century) for the starting of a 
geology department at Saugar, and West 
was invited to undertake the responsi¬ 
bility of organizing the department. 
Saugar, even now, is a remote and 
backward region and it is surprising that 
West not only accepted the assignment 
but chose to make it his home. He soon 
converted the department into a Centre 
of Advanced Study in Geology. The 
services he has rendered not only to the 
geological department at Saugar, but to 
university education in general, is 
remembered with gratitude. 


Honours and awards 

West was a founder Fellow of the Indian 
National Science Academy (1935) and 
the Geological Society of India (1958). 
He was General Secretary of the Indian 
Science Congress (1932-1938). He was 
decorated with the. Star of Afghanistan 
in 1942. In 1947, he was awarded the 
CIE by the British Government. The 
prestigious Lyell Medal was awarded to 
him by the Geological Society in 1951. 
The Asiatic Society of Bengal awarded 
the P. N. Bose Medal in 1959. The 
Indian National Science Academy 
awarded the D. N. Wadia Gold Medal 
somewhat belatedly in 1983. For a 
number of years he served on the 
Council of the Indian National Science 
Academy. 

D. N. Wadia Medal lecture 

West delivered the D. N. Wadia Medal 
lecture before the Indian National 
Science Academy in the year 1990, in 
his 90th year. He chose the "Deccan 
Trap and other Flood Eruptions’ as the 
subject of his address. Making a 
comparative study of four provinces of 
flood eruptions located in India, South 
Africa, United States and United 
Kingdom, he attempted to discern a 
common pattern in all those flood 
eruptions, while over a major part flood 
eruptions were composed of tholeiitic 
basalts, in structurally disturbed, rifted 
and faulted areas, picritic basalts, 
alkaline rocks and rhyolites made their 
appearance. He emphasized the impor¬ 
tance of determining the stratigraphy of 
the traps through continued petro¬ 
graphic, geochemical and palaeomag- 
netic studies. 

He advocated the formulation of a 
project covering the whole range of 
problems associated with the eruption of 
the Deccan Trap Flood Basalts which 
according to him would yield significant 
results of world wide importance. 

Deep love for India 

His deep love for India and Indian 
geologists was expressed at the time of 
receiving the Lyell Medal. He said; 

‘You Sir, have referred in generous 

terms to the little I have done to 

encourage geological science in India. 

But, I doubt if you realise how 
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fortunately I have been, firstly to have 
had the privilege of working in India, 
with the wonderful range of 
geological problems and, secondly, to 
have had the companionship of so 
many Indian geologists.’ 

His writings are ^models of clear 
exposition aimed at advancing our 
knowledge of the subject Early in his 
career he attempted a series of review 
articles which were published in 
Current Science entitled, ‘Some recent 


advances in Indian geology’. They were 
masterly reviews marked by clearness 
and insight and revealed his capacity for 
assimilating a large volume of data and 
distill from it the very essence for the 
edification of others. 

In his 86th year, he said there was 
little remaining for him to accomplish 
except to light the way for the younger 
generation to become good geologists. 
This he did sincerely and to the best of 
his ability. He will be remembered for a 
long time to come for his classic 


contributions to Indian geology and the 
role he has played in geological 
education in this country. 

He apparently remained in good 
health till the last. He took ill and was 
shifted to Bhopal where he passed away 
in the early hours of 23rd May 1994. 


B. P. Radhakrishna (former editor, 
J. Geol. Soc. India) lives at 243/30, 5th 
Main Road, Chamarajpet, Bangalore 
560 018, India 


We extract below excerpts of West's earliest writings contributed more than sixty years ago to the newly started 
journal, "'Current Science\ These are of the nature of review articles entitled ‘Recent Advances in Indian Geology'. 
Although a great deal of new information has been added and vast changes have taken place in our understanding 
of the geological evolution of the Indian continent, these early observations made prior to the advent of the Plate 
Tectonic Era which has revolutionized earth science have a charm of their own. It will be seen that West had a 
prophetic vision and had anticipated many of the modern developments. 

— Editor 


Some recent advances in Indian geology 


W. D. West 

Geological Survey of India 

Introduction 

The Editor of Current Science has asked me to contribute an 
article on recent advances in Indian geology. The following 
notes, dealing with certain aspects of the subject with which I 
am more familiar, have been put together in the hope that they 
may prove to be of interest not only to students of geology in 
India, but also to geologists outside India who have not the 
time to keep in touch with developments in this country. 

Perhaps the most disturbing feature of modern scientific 
work is the immense output of literature which is continually 
appearing in every branch of science. So great is this 
becoming that it is a matter of difficulty for any worker to 
keep in touch with the progress that is being made, even in his 
own subject. This difficulty applies with particular force to 
geology. Modern geology has become so comprehensive, and 
its various aspects have become so specialised, that it has 
been said that there are no longer any geologists but only 
specialists in various branches; while specialists have been 
defined as those who know more and more about less and 
less. India is a large place, with a very varied geology and the 
considerable number of papers on Indian geology that are 
continually appearing, overburdened as they often are with 
the details of their subject, make it difficult for anyone not 
directly interested in them to appreciate fully the progress that 
is being made. In writing these notes, therefore, I have tried 

lOO 


as far as possible to draw attention to the main lines along 
which our understanding of the geology of India is 
developing, rather than to summarize every paper that has 
recently appeared, which would in any case be impossible 
within the limits of a series of short articles. 

I have divided this account into five sections: (1) The 
Archaean Rocks of Peninsular India, (2) Deccan Trap volcanic 
activity, (3) The geology of the Himalaya, (4) The geology of 
Burma, (5) The geology of the Salt Range. 

* ♦ * 

( 1 ) 

The Archaean Rocks of Peninsular India 

The Archaean rocks of India occupy a greater area than any 
other formation. They are important economically in 

containing rich deposits of gold, iron, manganese and mica. It 
is unnecessary to stress the importance of pure scientific 
research in the bearings which it may have on economic 
development; and a detailed study of the Archaean rocks in 
India, such as is being carried on in certain areas, needs no 
further justification. 

★ * ♦ 
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The peculiar difficulties that beset the geologist who is 
endeavouring to interpret the geological history of Archaean 
times are well known. The metamorphism which these rocks 
have undergone has in some cases made originally dissimilar 
rocks appear similar, while in other cases the same rocks have 
been made to appear profoundly different in different places 
where they have suffered varying degrees of metamorphism. A 
further difficulty in the way of correlating these very old 
rocks is that many of their outcrops have become isolated 
from one another, either by the denudation of intervening 
tracts or by the superposition of later rocks; and it is difficult 
sometimes to be certain whether a difference observed in the 
rocks of two neighbouring but separated tracts is due to actual 
difference in the age of the rocks, or to lithological variation, 
or to the effects of varying metamorphism. 

* * * 

In the following account attention will be confined to the four 
tracts in which detailed work has recently been done. 


Rajputana 


of the largest areas in the world of Archaean rocks which have 
suffered little or no metamorphism, perhaps only to be 
paralleled by the little altered Archaean rocks of Finland. The 
way in which such rocks have escaped metamorphism during 
Archaean and later times is one of the most interesting 
problems of Indian Archaean geology. When traced along the 
strike to the south these Aravalli rocks become injected with 
acid magma on an immense scale, and the rock becomes a 
banded gneiss. Further south still the injection dies out, and 
slates are found once more. 

* ♦ * 

The Delhi system provides a problem of correlation which 
makes the geology of Rajputana of such intriguing interest. 
For the rocks of this system, although belonging to a late 
period of Archaean geology, are considerably folded and 
highly metamorphosed. They are in fact in many parts of 
Rajputana more highly metamorphosed than the older Aravalli 
rocks. To understand how this has come about it is necessary 
to state that structurally Rajputana is dominated by the great 
Delhi synclinorium, which runs in a N.E.-S.W. direction in 
north-east Rajputana, swinging round to a N.-S. direction in 
southern Rajputana and Bombay. 


In Rajputana Dr A. M. Heron, who commenced work there in 
1908, has now completed the mapping of the crystalline 
rocks, and the publication of the details of his work is being 
eagerly awaited. As a result of this work two points are 
clearly brought out which are of particular interest. First, the 
necessity of dividing the crystalline rocks of this area into 
four distinct groups or systems, separated from each other by 
marked unconformities frequently accompanied by conglo¬ 
merates. Second, the remarkable way in which some of the 
oldest rocks in India are in certain places still in the condition 
of almost unaltered shales and slates. 

As regards the former point, the crystalline rocks of 
Rajputana have to be divided into the following groups, given 
in order: 

Delhi system 

- unconformity with conglomerate 

Raialo series 

- unconformity with conglomerate 

Aravalli system 

- unconformity w ith conglomerate 

Banded gneissic complex 

Of these the Raialo series, which includes the well-known 
Makrana marble, is the smallest and least important, and is 
often missing. The Banded, Gneissic Complex, to be 
distinguished from the injection gneisses formed by the 
intrusion of acid magma into the Aravallis and Delhis at a 
much later date, is thought to be the equivalent of the 
Bundelkhand gneiss of Eastern Rajputana, though the two are 
never seen in actual contact. They are mainly of igneous 
origin, but there do occur amongst them biotite- and chlorite- 
schists and granulites which may represent metamorphosed 
sediments greatly injected by both basic and acid rocks. They 
are the oldest rocks in Rajputana. 

Perhaps the feature of greatest interest which has been 
brought to light by Heron's work is the way in which the 
Aravallis are in places still in the condition of practically 
unaltered shales and slates. We ha\ e, in fact, in Rajputana one 


* 


* 


* 


Central provinces 

In the Central Provinces, what is undoubtedly the most 
detailed mapping that has so far been attempted in Indian 
Archaean geology has been carried out by Dr. L. L. Fermor 
and his co-workers in the Nagpur, Chhindwara and Bhandara 
districts. It is a matter for regret that the full details of this 
work are unlikely to be published for some time to come, 
though summaries are to be found in the Director’s annual 
reports. 

This series of Archaean rocks, named the Sausar series, are 
economically important for the rich deposits of manganese ore 
that they contain. They have been divided up into a number of 
stages which have a remarkable constancy over the area in 
which they have so far been mapped. These stages are so 
distinct, and their order now so well established, that it is 
worthwhile giving them in detail here, for comparison with 
other areas. 

Sitapar stage 

Bichua stage 


Junewani stage 

Chorbaoli stage 
{?=Ramtek stage) 
Mansar stage 


Lohangi stage 


Hornblende-schists. 

Pure facies: white dolomitic 
marbles, with serpentine, 
tremolite, and diopside. 

Impure facies: diopsidites, 
actinolite schists, and schists 
with wollastonite, grossularite, 
tremolite, and anthophyllite. 

Muscovite-biotite-schists with 
autoclastic conglomerates. 

Quartzites and muscovite- 
quartz-schists. 

Muscovite-biotite-sillimanite- 
schists, with lenticular beds of 
manganese ore. 

Pink calcitic marbles and 
calciphyres. 
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Utekata stage Banded calc-granulites. 

Kadbikhera stage Magnetite-biotite-granulites. 

The Ramtek stage was originally given a separate position, 
but it is probably identical with the Chorbaoli stage. All these 
stages with the exception of the Sitapar stage, the hornblende- 
schists of which probably represent metamorphosed lava 
flows, are now regarded as of sedimentary origin. 

In the Sausar tahsil and in the northern part of the Ramtek 
tahsil these rocks display a very high grade of metamorphism, 
the characteristic pelitic rock being a garnet-sillimanite - 
biotite-schist, while in the dolomitic rocks the mineral 
wollastonite occurs. But traced to the south and to the east the 
grade of metamorphism decreases, so that while in the 
northern and western part of the area the manganese ore 
occurs in a muscovite-biotite-sillimanite-schist, with or 
without garnet, in the southern part of the area, around the 
manganese mines of Kandri and Mansar, the country rock is a 
muscovite-phyllite or schist, in which biotite is very 
subordinate. In both cases the stage is the same, being 
overlain and underlain by the same rocks in both areas. 
Accompanying the increasing metamorphism in the north 
there is a great abundance of pegmatite intrusions. 

The complexity of the folding in these rocks is very great, 
and W. D. West has brought forward evidence for the 
existence of a ‘nappe’ in the vicinity of Deolapar, in the 
Ramtek tahsil, whereby slightly different lithological facies of 
the Sausar series, originally deposited far apart, have been 
brought into juxtaposition with one another. 

In addition to these metamorphosed sedimentary rocks, 
there are a variety of porphyritic and fine-grained granites, 
pegmatites and ortho-gneisses which are younger than the 
Sausar series. There is also a gneiss which has gone by the 
general name of ‘streaky gneiss’. In places this occupies as 
great an area as the Sausar series. It has been shown by West 
that much of this rock is really a composite or injection 
gneiss, formed by the intimate penetration of an igneous 
granulite of granodioritic composition by abundant veins of 
aplite. Similar injection has affected the more schistose 
members of the Sausar series, especially the Mansar stage. All 
these gneisses are definitely younger than the Sausar series, 
and there seems to be nothing in this area comparable to the 
banded gneissic complex of Rajputana, upon which the Sausar 
series might have been laid down. 

♦ ♦ * 


Bihar and Orissa 

Turning now to the third area in northern India where detailed 
work has been done, Bihar and Orissa, we find that, excluding 
younger pre-Cambrian rocks which are perhaps of Cuddapah 
age, there are three distinct lithological series of Archaean 
age, as follows: 

Iron-ore series, with Dalma volcanic flows and tuffs at the top. 
Gangpur series, limestones and schists with manganese ore. 

Older Metamorphic series. 

^he oldest, composed mainly of hornblende-schists and 
juartzites, resemble lithologically the Dharwars of South 

02 


India. The Gangpur series, recently mapped by M. S. 
Krishnan, show a considerable resemblance to the Sausar 
series. Dr. Fermor has always maintained that the manganese 
ores of India very probably occupy a single horizon within the 
Archaean, and in Gangpur State the presence of manganese ore 
and of both calcitic and dolomitic limestones suggests a 
correlation with the Sausar series. These rocks are separated 
from the iron-ore series by a belt of crushing, so that the 
relation between the two is obscure. They bear, however, no 
lithological resemblance to one another, although found in 
adjacent tracts. The iron-ore series are found resting with a 
strong unconformity upon the Older Metamorphic rocks, as 
first shown by H. C. Jones. They are too well known to need 
description, but J. A. Dunn’s recent memoir brings out well 
the way in which a single series of rocks may show very 
different grades of metamorphism in different places. 

♦ ♦ * 


South India 

In 1886 R. Bruce Foote mapped the rocks around Bellary and 
Dharwar, south of the great Deccan Trap outcrop. The belts of 
schistose rocks which overlie the main gneissic foundation, 
consisting of hornblende schists, chlorite-schists, quartzites, 
banded haematite-quartzites, limestones and conglomerates, 
were named by him the Dharwar system, and were thought to 
overlie the gneisses unconformably, which were therefore 
regarded as the older. Subsequent work, however, has shown 
that these gneisses frequently show intrusive relations towards 
the Dharwars, and they are now regarded as younger. As 
regards the nature of the Dharwars, it was formerly assumed 
that, apart from the hornblende schists and epidiorites, the 
majority were metamorphosed sediments. Of late, however, 
the Mysore Geological Department have concluded that 
nearly all the rocks of the Dharwar system are of igneous 
origin, while the conglomerates are regarded as autoclastic. 
This point of view is summarised by W. F. Smeeth in ‘An 
Outline of the Geological History of Mysore’, in Bulletin No. 
6, Department of Mines and Geology, Mysore State. With 
reference to this change of view, C. S. Middlemiss in 1919 
wrote as follows: 

‘So far I think 1 am right in saying that no graphic representation 
of these extraordinary wholesale transformations of granites, 
quartz-porphyries and other igneous rock types, into schists, 
conglomerates, limestones and quartzites, has as yet appeared 
from the pencil of any of those responsible for the statements.’ 

So far as I am aware this detailed information is still not 
forthcoming, though it may probably safely be assumed that 
some at any rate of the rocks formerly regarded as 
sedimentary are of igneous origin, and that some of the 
conglomerates are autoclastic. It appears, however, that not 
all the geologists of the Mysore Geological Department are in 
agreement over the origin of these rocks, B. Rama Rao in 
particular suggesting that some of the crystalline schists may 
be metamorphosed sediments. 

( 2 ) 

Deccan trap volcanic activity 

In India we have one of the best developments extant of the 
‘plateau basalt’ type of igneous activity, known as the Deccan 
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Trap. The importance of a thorough study of these rocks will 
■ readily be appreciated when it is understood that in the 

j opinion of many geologists the basalt, which is the 

I predominant type in this series of rocks, is probably the 

primitive rock from which most other rock types have been 
evolved by some process of differentiation. The remarkable 
similarity in chemical composition which all plateau basalts 
X, throughout the world exhibit suggests that they have been 

derived directly from some primitive source without the 
intervention of any process of differentiation, and their study 
is, therefore, of great importance in relation to several 
branches of geology. So far, considering the very great area 
which these lavas cover in India, the extent to which they 
have been studied in detail is lamentably small. Their study is 
conveniently divided into two sections. On the one hand, we 
have the immense thickness of horizontally bedded basalts 
and dolerites which make up the greater part of the Deccan 
Trap, and which are typical ‘plateau basalts’. These show, 
even in detail, great uniformity of character, though certain 
slight differences in chemical composition can be discerned 
between the earlier and later outpourings. On the other hand, 
there occur certain areas along the north-west corner of the 
Deccan Trap outcrop, notably in Gujerat, Kathiawar and 
Cutch, in which differentiation has proceeded along special 
lines to an advanced stage giving rise to a great variety of 
rock types. It is essential for a complete understanding of 
either of these groups that both should be studied. 

The most important contribution to our understanding of 
the petrography of the rocks of the former category has been 
provided by Dr. L. L. Fermor, whose study of the lavas 
penetrated by a deep boring at Bhusawal, some 250 miles 
north-east of Bombay, has provided us with an accurate 
statement of the petrography of these rocks. In a study of the 
29 flows penetrated, it is shown that the predominant type of 
rock is a basalt or dolerite of specific gravity 2.91, consisting 
essentially of labradorite felspar (Abi An 2 ), enstatite-augite 
(pigeonite), iron ore and glass, while olivine, always 
completely altered, occurs in 18 out of 29 flows. This 
description may be regarded as typical of the greater portion 
of the flows of the Deccan Trap of India. In this paper, 
particular attention is paid to the minerals of late 
crystallisation, occurring either as linings and infillings to the 
amygdales of the flows, or as alteration products of the glassy 
base and of some of the minerals. To the former group belong 
the minerals chlorophaeite, delessite, chalcedony, opal, quartz 
and lussatite, and the zeolites heulandite, apophylite and 
ptilolite, with calcite; while to the other group belong 
palagonite, chlorophaeite, celadonite, chabazite, together with 
iddingsite, delessite and serpentine which are pseudo- 
morphous after the olivine. The conclusion is reached that, 
with the possible exception of the calcite, these minerals have 
been formed during a late stage in the final consolidation of 
the lavas, and have not been deposited by meteoric waters. 
This is the first time these minerals of late crystallisation have 
been adequately described. Both in this and in subsequent 
papers the process known as ‘palagonitisation’ is discussed in 
detail, a subject which also receives attention in a paper by D. 
N. Wadia. Finally, a further point brought out by Dr Fermor is 
that in a number of the flows the olivine, and sometimes the 
labradorite, phenocrysts have sunk to the base of flows which 
were apparently more fluid than the rest at the time of 
eruption. This observation of the sinking of the crystals leads 
the author to suggest that the ultrabasic rocks found 


occasionally in the Deccan Trap, such as in Baluchistan, 
may have originated by some such mode of gravity differen¬ 
tiation. 

In 1916 Drs. L. L. Fermor and C. S. Fox published an 
account of the Deccan Trap lava flows near Linga in the 
Chhindwara district, Central Provinces, with a map showing 
the distribution of five separate flows. Specimens representing 
four of these flows have now been analysed and the results 
discussed by Dr. Fermor. Although of the four specimens 
analysed two are basalts and two are dolerites, the analyses 
are all very similar. It is only when the norms are calculated 
that slight differences are brought out. These show that from 
the lowest to the highest flow the direction of change is 
increasing alkaline felspars, increasing total felspars, and 
increasing total pyroxenes, with decreasing total iron ores. 
When compared with the norm of the eleven analyses of 
Deccan Trap made by Washington, after arranging these latter 
into their probable order of extrusion, it is found that the 
differences in composition as one ascends in the Traps is 
similar in direction but much larger in degree than that shown 
by the four specimens. From this it is deduced that the 
tendency to differentiation illustrated by the lavas of Linga on 
a small scale is an epitome of that generally applicable to the 
lavas of the Deccan Trap series as a whole. 

♦ * * 

Coming now to the second portion of our subject, we have to 
deal with a large variety of rock types, some very basic, some 
very acid, and others markedly alkaline, which are found 
mainly in the peninsula of Kathiawar and the adjacent 
country. These rocks are definitely part of the Deccan Trap 
volcanic episode, but represent the results of advanced 
differentiation localised about certain areas or along certain 
lines. Ever since the days of F. Fedden it has been realised 
that the peninsula of Kathiawar was exceptional in containing 
several foci of eruption in which differentiation had 
proceeded to yield a large variety of rocks. So long ago as 
1893 Dr. J. W. Evans made a collection of rocks from 
Junagarh State, and subsequently published a paper 
describing one of them, a monchiquite containing primary 
analcite, which he found on the margin of a nepheline-syenite. 
Recently one or two of his students have re-examined this 
collection and shown it to be very varied. M. S. Krishnan has 
made a detailed petrographical study of those collected from 
the Girnar and Osham hills. Of these the majority are 
nepheline-syenites and dolerites, but other less common types 
include quartz-porphyry, syenite porphyry, syeno-diorite, 
diorite-gabbro, porphyrite, andesite, olivine-gabbro, 
lamprophyre, limburgite, obsidian, rhyolite and pitchstone. In 
this paper six new analyses are given, which the author 
considers indicate a petrographical province of the ‘Atlantic’ 
type. At about the same time K. K. Mathur, V. S. Dubeyand 
N. L. Sharma published a small-scale map of the rocks of 
Mount Girnar, representing the first attempt to map this focus 
of eruption. In the accompanying papers intrusions of olivine- 
gabbro, diorite and monzonite, granophyre, and nepheline- 
syenite are described. These are intruded into typical Deccan 
Trap lavas which they have domed up forming Mount Girnar. 
Although there is apparently no direct evidence of the mode 
of origin of these rocks, reasons are given for supposing them 
to have been derived by differentiation in situ through 
progressive crystallisation, estimates being given to show that 
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the parental magma was of intermediate or dioritic 
composition. It is thought that crystal settling through gravity 
has not been operative. More recently, other rocks of Dr. 
Evans’s collection, from the West Gir forest, have been 
described by S. K. Chatterjee. These are mostly basic dykes, 
chiefly olivine-dolerites, but mention is also made of irregular 
intrusions of acid rocks consisting of spherulitic granophyre, 
pitchstone, rhyolite and other types. Seven new analyses by 
the author are given. Other more general papers which include 
references to the Deccan Trap of Kathiawar, and which are 
not generally known, are E. Howard Adye’s two memoirs on 
the ‘Economic Geology of Navanagar State’ and on the 
‘Economic Geology of the Porbandar State’, which are 
illustrated by a large number of photomicrographs; and a 
paper by K. P. Sinor on the ‘Igneous and Sedimentary Rocks 
of Bhavnagar Territory,’ also illustrated. 

As regards the more acid types of rock, which have been 
known to occur in the Deccan Trap ever since W. T. Blanford 
published his observations on the geology of the Tapti and 
Lower Narbada valleys, K. K. Mathur and P. R. J. Naidu have 
recently described some acid intrusions and lavas on the coast 
north of Bombay comprising trachytes, granophyres and 
rhyolites. These include the ‘granophyric trachyte’ of 
Kharodivadi described by M. S. Krishnan. Associated with 
these rocks are glassy gabbros and dolerites. As a result of 
calculating the silica percentage of the glassy base of these 
rocks, shown to be about 68%, the authors are led to believe 
that the acid intrusions represent the same glassy base after it 
had separated from the partly crystallised magma and 
solidified away from it. They further conclude that these acid 
intrusions are a very recent phenomenon. Subsequently, in his 
presidential address to the geology section of the Indian 
Science Congress, 1934, Mathur brought together all known 
occurrences of both acid and very basic rocks of Deccan Trap 
age, and discussed briefly their origin and age. He suggests 
that the acid types occur mainly along two lines, one running 
north and south, from Pavagad hill in the Panch Mahals in the 
north, to Bombay Island in the south, and one running east 
and west, along the Narbada valley to as far as Barda hill in 
Porbandar State in Kathiawar. He further suggests that their 
origin may be due to the assimilation of acid rocks by the 
molten basalt, basing his conclusions on certain observations 
made by.W. T. Blanford and P. N. Bose. His view, however, 
that the rhyolite on Pavagad hill is an intrusion has now been 
shown to be incorrect, A. M. Heron having confirmed the 
original view of Dr Fermor that it is a flow capping the hill 
and part of the general succession of lavas. As regards the age 
of these rocks, while recognising the possibility that in certain 
cases both the acid and the very basic types were extruded at 
the beginning of the Deccan Trap period, he inclines to the 
view that for the most part they are very recent in age, 
attributing their age in some cases to a period subsequent 
to the establishment of the present topography, a conclu¬ 
sion which perhaps some geologists will find it difficult to 
accept. 

It was mentioned above that Dr. Fermor had suggested 
means whereby the ultra-basic rocks of Deccan Trap age, such 
as those in Baluchistan, might have been derived from the 
normal basaltic magma by the sinking of some of the 
phenocrysts. Further light has been thrown on this problem by 
W. D. West, who has examined the cores of rock brought up 
by deep borings put down through Deccan Trap lava flows in 
different parts of Kathiawar. These rocks include very basic 
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types such as limburgite and ankaramite, interbedded with the 
more normal Deccan Trap type of basalt. A study of the 
phenocrysts of olivine, augite and felspar found in these very 
basic lavas shows that in each type of rock the composition of 
the phenocrysts is closely related to the composition of the 
rock in which they occur. Thus the felspar phenocrysts in the 
more basic types are bytownite-anorthite as compared with 
the medium labradorite which occurs in the normal Deccan 
Trap basalt, while the olivines are more magnesian and the 
pyroxenes more calcic than those found in the normal basalt. 
These facts are thought by West to show that the different 
rock types did not originate during the Deccan Trap volcanic 
period by the sinking of phenocrysts as they crystallised from 
the basalt, since the phenocrysts differ markedly in 
composition from those found in the basalt; but that 
differentiation of the basalt took place long before Cretaceous 
times, and that the various rock types so formed were already 
available for extrusion when remelting took place during 
Upper Cretaceous times. 

There is clearly still a large field for research into problems 
of Deccan Trap volcanic activity, and it is a field which is 
admirably suited to research by those unattached to official 
surveys. It must, however, be controlled by detailed and 
accurate field work, aided by chemical analyses, if it is to be 
of any real value. 

♦ ♦ * 


The Geology of the Himalaya 

During the past ten years or so considerable progress has been 
made in our knowledge of the geology of the Himalaya, which 
has only served to show how complicated is the geology of 
this great range and how great is our ignorance of its real 
structure. During this period work by the Geological Survey 
of India has mainly been concentrated in two areas, the North- 
West Himalaya in Hazara and Kashmir, and the Simla hills 
around Simla and Chakrata; while in addition there have been 
several foreign expeditions to the Karakoram and 
neighbouring tracts beyond the Himalaya which have added 
something to our knowledge of the geology of those parts. 
Thus, in spite of large blanks still existing on the geological 
map of the Himalaya, largely accounted for by the 
inaccessibility of Nepal, the accumulating results of steady 
mapping are gradually providing a sure foundation on which 
may ultimately be built a complete synthesis of Himalayan 
geology. Theories of mountain structure based on our present 
incomplete knowledge of even one section of the Himalaya 
must necessarily be largely speculative. They arrive almost by 
every mail, and are frequently advanced by those whose 
acquaintance with Himalayan geology is by no means 
extensive. Perhaps of no part of Indian geology can one more 
truly say that the more one knows of it the more one realises 
how little one knows. The present policy of the Geological 
Survey is to concentrate its small available resources on two 
sections of the Himalaya, as stated above, in the belief that a 
sustained attack on these two selected areas will yield more 
valuable knowledge of the geological structure of the 
Himalaya as a whole than a larger number of smaller 
investigations spread over a wider area. The summary that 
follows, therefore, deals mostly with these two areas. In 
compiling it the writer is indebted to his colleague Mr. J. B. 
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Auden for many fruitful discussions on the problems raised 
therein. 

The North-West Himalaya 

The most striking feature in the orogeny of the North-West 
Himalaya is the way the strike of the mountains, after 
following an arcuate S.E.-N.W. direction for over 1,200 miles 
from Assam to Kashmir, makes a great bend in Hazara, 
rapidly curving round through an E.-W. to a N.-S. direction, 
and producing thereby a great re-entrant angle in the 
alignment of the mountains between Abbottabad on the 
South-West and the Kashmir valley on the North-East. This 
bend is seen not only in the frontal ranges bordering the Indo- 
Gangetic alluvium, but is repeated in each successive range 
northwards, culminating in the Pamir massif. Even this great 
mass shows the same trend lines, which are south-west on the 
west, equatorial through the Pamirs, and south-east on the 
east side, as first determined by D. L. Ivanow and 
subsequently confirmed by Sir Henry Hayden. As regards the 
origin of this feature, it had previously been supposed by E. 
Suess in his great work ‘Das Antlitz der Erde’ that the rapid 
change in the strike of the mountains was due to the meeting 
at an oblique angle of two mountain systems, the Himalaya 
and the Hindu Kush. For this line of meeting Suess used the 
term ‘schaarung’, which was translated by Sollas as 
‘syntaxis’. The following quotation from the English edition 
gives his conclusions: 

‘Like two shallow streams of lava, or two flows of slag running 
side by side, the waves of which as they cool come into syntaxis 
against a long line, now fusing completely together, now 
encroaching on one another, so the chains of the Himalaya meet 
those of the Hindu Kush.’ 

He especially emphasised, however, the essential unity of the 
movements, and the unity of structure of the whole. Quite 
recently D. N. Wadia’s work in the more southern portion of 
this syntaxial area has shown that both from a structural as 
well as from a stratigraphical point of view there is a 
complete continuity of Himalayan geology around this re¬ 
entrant, at any rate on its southern border, the structure and 
stratigraphy on the Hazara side of the syntaxis being the 
mirror image of the structure and stratigraphy on the Kashmir 
side, as originally pointed out by Middlemiss. Instead, 
therefore, of two directions of mountain movement having 
converged upon Hazara, the Hindu Kush from the north-west 
and the Himalaya from the north-east, as envisaged by Suess, 
Wadia concludes that there has been a single Himalayan 
movement from the north which has come up against some 
underground obstacle around which it has been forced to 
diverge. It is suggested by him that a tongue of the ancient 
and stable peninsular rocks extends upto the north-west 
beneath a covering of Kainozoic rocks, and that this has 
formed the obstacle to the folding movement coming from the 
north, so that the original north and south direction of 
movement has been resolved into a N.E.-S.W. direction in 
Kashmir, and a N.W.-S.E. direction in Hazara. There still, 
however, remains the difficulty of explaining how the W.S.W. 
to E.N.E. direction of overthrust which is found on the south¬ 
west side of the syntaxis, in the neighbourhood of Garhi 
Habibulla, can have originated in a movement coming from 
the north. This latter problem was discussed briefly by J. W. 
Gregory, who suggested that the older supposed ‘Altaid’ mass 


of the Safed Koh in the country west of Peshawar may have 
been responsible for this backward movement. Recently D. 
Muschketoff has suggested that this ‘Jhelum wedge’, as he 
calls the underground obstacle, has been a tectonic feature of 
importance since Caledonian times, and has been responsible 
for a number of abnormalities such as the N.N.W.-S.S.E. 
direction of the Ferghana range, which although of Kainozoic 
age runs at right angles to the main Himalayan trend lines on 
either side. A complete understanding of the origin of this 
great orogenic feature will probably have to await further 
information concerning the structure of the Hindu Kush, the 
Karakoram, the Pamirs, and the country north of the Pamirs. 

4c * 4* 


The Himalayan arc 

In all these discussions it is generally assumed that 
Gondwanaland played a passive role, and that it was the 
southward move of the rest of Asia against Gondwanaland 
which buckled up the soft marine deposits of the Tethys, and 
caused them to be thrust over the edge of Gondwanaland, 
which to some extent broke along its northern border. But it is 
of course equally conceivable that it was Gondwanaland 
which moved against Asia, crumpling up the rocks of the 
Tethys, and underthrusting itself beneath them. The writer has 
always failed to understand how one can expect to decide 
whether Asia moved south and over Gondwanaland, or 
whether Gondwanaland moved north and under Asia, by 
observing the structure of the country along the line of 
thrusting, though others appear to think it possible. There is, 
however, one line of reasoning which seems to throw light on 
this problem, and that involves a consideration of the position 
of Asia with respect to the rest of the world before and after 
the movement. This point of view has been developed by P. 
Lake, who, in a paper on island arcs and mountain building, 
has drawn attention to the fact that the well-known arcs off 
the Pacific coast of Asia, the East Indian arc through Sumatra 
and Java, the Himalayan arc, and the Iranian arc of Persia, 
which are all of Kainozoic age, all have their convex side 
facing away from Asia, the Pacific arcs facing east, and the 
others facing south or south-west. We are thus required to 
explain how a single Asiatic mass can have moved along its 
eastern border towards the Pacific and at the same time along 
its southern border towards the Indian Ocean. As Lake points 
out, a movement of the mass as a whole in both directions 
does not seem possible, but underthrusting of the ocean-floor 
from both sides is conceivable, and is, in fact, a necessary 
consequence of the contraction theory or of Joly’s theory. 
This view receives additional support from a consideration of 
the central Asian mass itself. Had the earth’s crust spread 
outwards radially from central Asia, we should expect to find 
a deficiency of matter at the centre of the continent, as 
Burrard has pointed out. But in fact the reverse is the case, 
and there is an excess of mass protruding above the 
spheroidal surface which has nothing to equal it elsewhere on 
the globe. Consequently the alternative hypothesis, that there 
has been a general pressure acting towards central Asia, seems 
to be the more acceptable. 

The further suggestion developed by Lake in this same 
paper, that all mountain arcs which have the shape of an arc 
of a circle, have been formed by movement of a slice of the 
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Figure 1. Trend lines of the mountain ranges of the Himalayas and Tibet, (mainly after Burrard). 


earth’s crust along a single basal thrust plane, and in 
particular its application to the Himalaya, is one which, in 
spite of (or because of) its simplicity, is not in accord with 
the observed facts. Although the Himalayan arc can be shown 
to be part of a circle, with its pole in Central Asia, it must be 
remembered that, geologically considered, the Himalaya are 
but a part of a much more extensive mountain system, which 
continues to the south-west through Baluchistan and Persia, 
and to the south-east through Burma. And since they have 
been formed on the site of a long geosyncline by the crushing 
of its deposits through the movement of Eurasia and 
Gondwanaland towards one another, the shape of the 
mountain system so produced must be determined partly by 
the original disposition of the geosyncline, and partly by the 
shape of the two impinging masses. Further, as shown by 
Wadia in the Punjab re-entrant, there is a continuity of 
geological structure around this feature which forbids one to 
bring the Himalaya (geologically considered) to an end at 
Nanga Parbat, the point at which Lake has to end his 
Himalayan arc. Moreover, as recently pointed out by Auden, 
our increasing knowledge of the structure of the Himalaya 
shows that not only are there a number of thrust planes of 
paramount importance within the Himalaya, but also that the 
angle of these thrusts is extremely variable and does not 
conform to the low angle required by Lake’s hypothesis. As 
he says, it would appear impossible to regard any single 
dislocation or nappe as having borne the whole burden of the 
advance upon the foreland. 

On the other hand, Burrard, as a geographer, considers that 
there is no Himalayan arc at all; for in his opinion the 
Himalaya cannot be considered independently of the 
mountains further north, including the Kun Lun, the Tien 
Shan, the Karakoram and the Hindu Kush, ranges which 
either show no curvature at all, or curve northwards. But this 
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view ignores the important geological fact that while the 
Himalaya and its immediately associated mountain ranges are, 
at any rate mainly, of Kainozoic age, the Kun Lun, the Tien 
Shan, and possibly the others also, are much older having 
been formed most probably at the end of the Paleozoic 
(Hercynian). It does, however, contain a germ of truth. It is a 
well-established principle that older structures frequently play 
an important part in influencing the formation of later 
structures. And although the great Himalayan arc is no doubt 
to be regarded as essentially Kainozoic in origin, it is yet a 
moot point as to the extent to which an older ‘grain’ may still 
be preserved within the main Kainozoic superstructure. 

* * ♦ 


The Geology of the Himalaya 

The Simla-Chakrata hills. We may now consider the 
second area within the Himalaya which has of late received 
attention from the Geological Survey of India. In 1925 G. E. 
Pilgrim and W. D. West began a resurvey of the country 
between Simla and Chakrata, and were later joined by J. B. 
Auden. This area had first received attention from H. B. 
Medlicott so long ago as 1860, and was subsequently the 
subject of several papers by R. D. Oldham and others. It was 
Medlicott, however, who laid the foundations of our 
knowledge of this part of the Himalaya. 

A feature of the geology of much of this country, which 
puzzled Medlicott and subsequent observers, is the 
occurrence of highly metamorphosed rocks, such as 
garnetiferous mica-schists and amphibolites, resting on top of 
practically unaltered rocks, such as the Simla slates. 
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According to Pilgrim and West, these rock groups are not now 
in their original position relative to one another. Detailed 
mapping and metamorphic considerations have led them to 
conclude that the metamorphic rocks, which are really part of 
the belt of rocks forming the central axis of the Himalaya, 
have been forced southward for many miles along a nearly 
horizontal thrust plane, so as to lie now on top of the 
unaltered rocks. These metamorphic rocks, named the Jutogh 
series, are seen forming the upper part of the ridge on which 
Simla is built, the small hill station of Chail, and the greater 
part of the Chaur mountain south-east of Simla. At the two 
former localities they occur as true ‘klippe’, since the effects 
of denudation have left them as isolated outliers capping the 
two hills. But the outcrop that forms the greater part of the 
Chaur mountain continues northwards along a high ridge, and 
so joins up directly with the main mass of crystalline schists 
and granites north of the Sutlej river. The Chaur outcrop is 


thus a direct southward extension of the rocks of the central 
axis of the Himalaya, and the way in which these 
metamorphosed rocks extend so far south as a pearly 
horizontal sheet, overlying the less metamorphosed slate- 
limestone group of rocks, is one of the most strikipg features 
of the geology. In addition to the major thrust plane along 
which the Jutogh series have travelled, there are other thrust 
planes in the rocks below, of which the Chail thrust is the 
most important. The crush phenomena found along the line of 
this thrust afford evidence of considerable horizontal 
movement here also. It is possible that the oncoming of the 
uppermost Jutogh beds like a gigantic wave from the north, 
induced the formation of the underlying thrusts, the rocks 
being piled up one on top of the other as a result of great 
horizontal compression. 
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World Development Report 1994- 
Infrastructure for Development. 
Published for the World Bank by 
Oxford University Press, New York, 
NY, USA. 1994. pp x -f 254. [ISBN: 0- 
19-520992-3, paperback] 


This year’s World Development Report, 
the seventeenth in this annual series, 
examines the link between infra¬ 
structure and development and explores 
ways in which developing countries can 
improve both the provision and the 
quality of infrastructure services. 

Developing countries invest US$200 
billion a year - 4% of their national 
output and a fifth of their total 
investment - in new economic infra¬ 
structure such as safe water, sanitation, 
waste disposal, electric power, tele¬ 
communication, roads, railways, ports, 
waterways, airports and dams and canal 
works for irrigation. But to what avail? 
While it is heartening to know that 
during the past fifteen years the share of 
households with access to clean water 
has increased by half and power 
production and telephone lines per 
capita have doubled, it is also worri¬ 
some to note that the increase in the 
quantity of infrastructure stocks has not 
been matched by the quality of 
infrastructure services. The inefficiency 
and waste, both in investment and in 
delivering the services, are appalling. 
On average, 40% of power-generating 
capacity in developing countries is 
unavailable for production. Half the 
labour in the railways in many devel¬ 
oping countries is estimated to be 
redundant. And many newly laid roads 
do not last the first monsoon shower. 
Had the spending and the services been 
more purposeful, today there will not be 
one billion people in the world without 
clean water and two billion without 
sanitation or electricity. 

Can the performance be improved by 
doing things differently - in more 
effective and less wasteful ways? The 
Report addresses this question and is 
unafraid to provide straightforward 
answers with no hedges. 

Money, difficult to mobilize, has been 
squandered throughout the devel¬ 
oping world in four ways, says the 
report, (i) Poor maintenance (of power 
generation equipment, roads, etc.); (ii) 
Choice of wrong locations for major 
projects, thus sinking a lot of money on 
roads and power stations, which once 
built cannot be shifted or put to other 


uses; (iii) Providing subsidy (e.g. many 
states in India provide free or low-cost 
electricity to ‘farmers’), thus straining 
the governments; and (iv) Tolerating 
and at times even encouraging woeful 
inefficiency (e.g. the notorious tele¬ 
phone service in many developing 
countries). 

The Report suggests that the poor 
past performance is largely due to 
inadequate institutional incentives for 
improving the provision of infra¬ 
structure. To ensure efficient, respon¬ 
sive delivery of infrastructure services, 
the Report recommends a change in 
incentives through the application of 
three instruments, viz. commercial 
management, competition, and stake¬ 
holder involvement. 

The three commandments of the 
World Bank are 

(1) Manage infrastructure like a busi¬ 
ness, not a bureacracy, with clear 
objectives and managerial and 
financial autonomy. 

Any service industry should 
respond to customer demand. The 
‘bottomline’ should be customer 
satisfaction. The government should 
take the back seat and allow greater 
and greater participation by private 
industry in management, financing 
and ownership. The Bank would 
very much like governments ‘to act 
more often as facilitator, coordi¬ 
nator and guardian of the public 
interest (especially to ensure access 
for the poor), and less often as direct 
operator’. 

(2) Introduce competition ~ directly if 
feasible, indirectly if not. 

The consumers should be in a 
position to choose between alterna¬ 
tives and put pressure on suppliers 
to be efficient and accountable to 
them. 

(3) Give users and other stakeholders 
a strong voice and real respon¬ 
sibility. 

Users and other affected groups 
should be represented in the plann¬ 
ing and regulation of infrastructure 
services, and even in the design, 
operation and financing. 

Critics may point out that the World 
Bank is going whole hog with pure 
capitalism, that it is trying to give 
simple solutions to not-so-simple pro¬ 
blems (for example, while the report 
emphasizes fiscal discipline, it does not 
talk about institutionalized corruption). 


and that these commandments can only 
go to some length-thus far and no 
further. What will happen to the 
millions of the destitutes and the rural 
poor with virtually no economic means, 
if all subsidies are withdrawn and 
everything is run on business lines? Or 
for that matter, does competition always 
lead to greater advantage to the 
consumers? Have we not seen national 
and international cartels in industry 
after industry neutralizing the expected 
advantage to the consumers? What was 
the ‘strong voice’ given to the people 
affected by huge projects such as the 
Narmada dam? Or, in the opinion of the 
protagonists of the dam and their 
supporters in international aid-giving 
agencies such as the Bank, are the 
countless number of people uprooted 
from their homes of several generations 
not to be considered ‘stakeholders’ or 
‘affected groups’? 

Many critics in the developing world 
believe that the Bank twists the arms of 
developing country governments in 
subtle and not-so-subtle ways to toe a 
line that is favourable to the econo¬ 
mically advanced countries. The Bank 
will do well to be sensitive to such 
criticism and respond to it. Ultimately, 
the Bank is responsible to the people of 
the world even though it has to deal 
with governments, the ruling elite and 
the bureaucrats. 

The Report is well organized and well 
produced. It begins with ‘Definitions 
and data notes’, and an overview. There 
are six chapters covering infrastructure 
achievements, challenges and opportun¬ 
ities; running public entities on 
commercial principles; using markets in 
infrastructure provision and looking 
beyond markets; financing and setting 
priorities and implementing reforms. 
There are 46 boxes, many of them 
providing examples of both successes 
and failures from different countries in 
support of the main thesis, 32 text 
figures, 18 text tables and 4 appendix 
tables. The countries of the world are 
divided into 4 groups on the basis of 
GNP per capita in 1992: low-income 
economies (< $675); lower middle- 
income economies (> $675 < $2695); 
upper middle-income economies 
(> $2695 < $8356), and high income 
economies (> $8356). 

The Report includes the World 
Development Indicators, which offers 
comprehensive, current data on social 
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and economic development in more than 
200 countries and territories. These 
tables provide data on a wide variety of 
indicators: Basic indicators (population, 
GNP per capita, average annual rate of 
inflation, life expectancy at birth, adult 
literacy), growth and structure of 
production, agriculture and food, 
commercial energy, structure of manu¬ 
facturing, manufacturing earnings and 
output, growth of consumption and 
investment, central government expen¬ 
diture and revenue, structure of 
merchandise imports and exports, 

balance of payments and reserves, deve¬ 
lopment assistance from rich countries, 
total extent of debts, flow of public and 
private external capital, external public 
borrowing, external debt ratios, 

population and labour force, demo¬ 
graphy and fertility, health and 
nutrition, income distribution and PPP 
(purchasing power party) estimates of 
GNP, urbanization, infrastructure 

coverage and performance, and natural 
resources. 

Data for 132 economies are given in 
the main tables, and basic indicators for 
75 economies (for which either exten¬ 
sive data are not readily available or 
whose population is less than one 

million) are provided in a separate table. 
Although China and India are included 
in each one of the 33 tables, the column 
heading reads ‘Low-income economies 
excluding China & India’. This perhaps 
is an editorial oversight in an otherwise 
excellently produced volume. 

SUBBIAH ARUNACHALAM 

Central Electrochemical Research 
Institute, Karaikudi 623 006, India 


Geology of Karnataka. B. P. Radha- 
krishna and R. Vaidyanadhan. Geo¬ 
logical Society of India, Bangalore. 
1994. pp. 298, Figs. 88, Tables 10. 
Price: Rs. 200/- 


The Geological Society of India has 
launched a commendable programme of 
publishing textbooks on the geology and 
mineral resources of various states. This 
fulfils a vital need of the student 
community, who had until now to make 
do with the textbooks on the geology of 
India, in which the states’ share was 


necessarily small. The first in the series 
is the present volume on Karnataka, 
which is a classical and well-studied 
terrain of the Indian shield. The earlier 
text by B. Rama Rao (1962) needed 
thorough updating, and the recent 
Memoir of the Geological Survey of 
India by J. Swami Nath and M. 
Ramakrishnan (1981) covered only the 
southern part of the state and that too 
only the Precambrian rocks. The present 
volume is therefore very timely. 

The book is divided into two parts, 
one on geology (252 pp.) by Dr. B. P. 
Radhakrishna and the other on 
geomorphology (40 pp.) by Prof R. 
Vaidyanadhan. The volume commences 
with a fitting homage to the early 
pioneers of Karnataka geology like 
Captain Newbold, Bruce Foote, Smeeth, 
Slater, Fermor, Maclaren, Jayaram, 
Sampat Iyengar and Rama Rao, 
stopping short of Pichamuthu, who has 
transited into the current era. The 
second chapter summarizes the geology 
of Karnataka elegantly in a nutshell and 
is illustrated beautifully by a colour map 
on 1:3,000,000 scale. The geological 
story is nicely interwoven with 
contemporary ideas on plate tectonics, 
Archaean-Proterozoic boundary and 
early crustal development. Geochemical 
and geochronological data are only 
sparingly used to reinforce one point or 
the other. The authors have carefully 
tried to eliminate personal bias, but 
their conviction finds its expression 
nevertheless. The age-old belief that 
ultramafic-mafic cycles should neces¬ 
sarily be older than the sedimentary 
cycles is reflected in the treatment of 
ancient supracrustals and younger 
greenstone belts. For example, the 
ultramafic belts like Nuggihalli are 
regarded as being older than sedi¬ 
mentary belts of Holenarasipur and 
Sargur, and the eastern gold-rich 
greenstones (Kolar type) as being older 
than western Dharwar belts (Bababudan 
and Chitradurga). Such views are out of 
tune with the recent advances in the 
fields of geochronology and rapid 
revisions taking place in the geology of 
the better-known shields like Africa, 
Australia and Canada. However, to be 
fair to the authors, it may be said that 
they have hedged their opinions with 
alternatives in the text, although the 
accompanying tabular column, which is 
liable to make a more lasting impres¬ 
sion, still reflects the author’s 


predilection. A comparative table of the 
more recent and significant stratigraphic 
successions by other workers would 
have provided the perspective for a 
better appreciation of the tabular 
column (Table I, p. 11). Further, a brief 
comparative account of the geology of 
the cratons of Kaapvaal and Zimbabwe 
in Africa, which have a very close 
resemblance to Karnataka geology, 
would have whetted the curiosity of the 
more discerning students. Similarly, the 
perception of a nucleus and a mobile 
zone, both forming a part of the 
Dharwar craton, creates conflict with 
the widely accepted craton-mobile belt 
concepts, which may obfuscate the 
reader’s vision of tectonic divisions of 
the shield. The next six chapters deal 
with detailed descriptions of the schists 
(Sargur, Kolar, Dharwar), gneisses, 
granulites and younger granites. 
Carbonatites and alkaline rocks have 
probably been overlooked. The simple 
and direct approach to the problem, 
lucid style and valuable illustrations 
result in an excellent narration in the 
inimitable style of Dr. Radhakrishna. A 
new student of Karnataka geology 
cannot ask for more. The next chapter 
on the Archaean-Proterozoic boundary, 
a pet theme of the author, covers the 
enigmatic situation where the round 
numbers of isotopic clocks do not 
always correspond to the profound 
breaks in rock record, leading to 
unresolved debate on the philosophy of 
erecting artificial boundaries. 

The next two chapters on the younger 
Proterozoic sedimentary basins (the 
Purana basins) of Kaladgi and Bhima 
give an up-to-date and authentic 
account of the current advances, 
including the recent identification of 
Badami Group. The Precambrian story 
ends with a modern and balanced 
appraisal of Precambrian life, where 
every new' enthusiastic find by someone 
meets with equally sceptic resistance by 
the traditionalists. The next major 
chapter on Deccan volcanic episode is 
preceded by an introduction to the 
concept of Gondwanaland. New ideas 
on Deccan volcanism are beautifully 
enumerated with the movement of the 
Indian plate northward and evolution of 
the Indian coastline. The next chapter 
on dyke rocks runs through several 
episodes of dyke emplacement in the 
craton. Dykes emphasize periods of 
crustal stability, but the multiple past 


CURRENT SCIENCE, VOL. 68, NO. 1, 10 JANUARY 1995 


109 




BOOK REVIEWS 


events in the craton are so complex that 
it requires a vast volume of data to 
formulate clear ideas on dyke chrono¬ 
logy and crustal evolution. 

Tertiary period is the time of 
evolution of the present Indian land¬ 
scape. Very clear ideas on landform 
development in Karnataka are fasci¬ 
natingly presented here, followed by a 
chapter on laterite. Laterite is a term 
which originated in India from Malabar. 
It is extensively developed on the 
Western and Eastern Ghats. From its 
Jiumble use as building and decorative 
stone, it is now being combed for the 
gold it may contain. The next chapter on 
black soils is another pet theme of the 
author. He has analysed its development 
intricately and provided a decisive 
account. 

The volume concludes with a chapter 
on morphology and evolution by Prof 
Vaidyanadhan. From the early emphasis 


on mineral wealth which led to 
intensive studies on the crystallines, 
geology in the service of man has now 
moved to societal problems like natural 
hazard mitigation, land use and 
conservation, preservation of environ¬ 
ment, etc. Consequently, the focus has 
now shifted to geomorphology. Quater¬ 
nary geology, engineering geology, 
environmental geology and seismotec- 
tonics. In tune with the times, the last 
chapter provides a valuable database on 
land forms for solving geological 
problems and initiating studies on 
sustainable development. What is 
missed here is a mention of the 
fascinating Talakad sand dunes covering 
the hoary temples, as pointed out by J. 
Swami Nath. 

The book is a veritable storehouse of 
the state-of-the-art information analysed 
incisively and presented in easily 
readable style by the doyen of 


Karnataka geology (Padmashri Radha- 
krishna) and the acknowledged expert 
on geomorphology (Prof Vaidya¬ 
nadhan). The essence of geological 
knowledge is distilled into the text and 
adequately backed by appropriate and 
lovely illustrations. Selected biblio¬ 
graphy at the end of the chapters 
provides good supplementary reading 
and the exclusion of references in the 
text has made the narration smooth and 
absorbing. The book is reasonably 
priced. Every student of Karnataka 
geology should possess this book as a 
beacon to guide him and every library 
should have it as a proud possession. 

M. Ramakrishnan 


Geological Survey of India 
27 Jawaharlal Nehru Road 
Calcutta 700 016, India 


HISTORICAL COMMENTARY AND NOTES 

The dilemma of a fame-hunter 

Reflections on Yellapragada SubbaRow centenary 


S. P. K. Gupta 

Doctor Yellapragada SubbaRow, had he 
been alive in this centenary year of his, 
might have presented his suit now to 
Lady Fame, whom he pursued all his 
life but did not to the end of his time 
feel himself worthy of For, not only 
have all his contributions to science and 
medicine stood the test of half a 
century, but are also making ever new 
conquests. 

He was a freshman in Harvard 
Medical School’s Biochemistry Depart¬ 
ment when in 1925 the textbooks 
carried the description of the Fiske- 
SubbaRow method for rapid colori¬ 
metric estimation of phosphorus in 
blood and urine. This very sensitive 
procedure he devised under the 
guidance of Dr Cyrus Fiske has become 
a classic in biochemical laboratory and 
clinical practice. It is taught to all bio¬ 
chemistry students and has helped 
generations of researchers to advance 
biochemical studies. It has, moreover, 
become in recent years a tool for 


diagnosis of endocrinal and metabolic 
diseases, including disorders of the 
thvroid and renal rickets. 



Yellapragada SubbaRow (1895-1948). ‘An 
eminent medical mind of the century’ - New 
York Herald-tribune. 


The method also helped SubbaRow 
and his senior collaborator to co¬ 
discover phosphocreatine and adenosine 
triphosphate (ATP), which demolished 
the claim that glycogen is the 
fountainhead of energy required for 
muscular contraction - the claim for 
which Archibald Hill and Otto 
Meyerhof were awarded the 1922 Nobel 
Prize for medicine and physiology. ATP 
is the key to energy for every sort of 
biochemical process, including mus¬ 
cular contraction, which gets the 
world’s work done. Because it 
strengthens cerebral and coronary blood 
circulation and because of the evidence 
that adenosine and its nucleotides are 
present in neuromediators and 
neuromodulators in the central nervous 
system, ATP has been used in the 
management of a wide range of dis¬ 
eases, particularly of the joints and the 
musculature. This is a bonus SubbaRow 
himself might not have expected of his 
research. 
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During his years with Fiske, 
SubbaRow isolated a series of phosp¬ 
horus compounds, including nucleo¬ 
tides involved in the synthesis of RNA. 
This work remained locked up in 
Harvard notebooks as Fiske underwent 
a personality change and forbade its 
publication. The advance of the science 
of nucleic acids and the advent of bio¬ 
technology was delayed because these 
nucleotides had to be rediscovered by 
others. 

His work on phosphocreatine was 
adjudged fit for the Harvard Ph D, but it 
was not until he found time amidst all 
this Nobel-class research to earn credits 
for the requisite undergraduate and 
postgraduate courses that he got the 
doctorate in June 1930. SubbaRow 
remained in Fiske’s laboratory with a 
lowly staff position but was allowed 
independent nutritional research. He, as 
a vitamin hunter, took beatings from 
better-endowed competitors outside 
Harvard. His vain bid to help Fiske get 
the chairmanship of the Department 
by sacrificing all credit for the work 
he did while nominally under him had 
cost SubbaRow promotion to the 
faculty. Without a faculty position he 
could not have the funds and assistants 
required for the success of his projects 
on anti-pernicious anaemia and anti¬ 
pellagra. 

SubbaRow left his frustrating 
position in Harvard when Lederle 
Laboratories built the facilities he asked 
for and allowed him to gather the team 
he desired to secure the company a 
competitive edge in vitamins and 
antibiotics. The academics then, as now, 
looked down upon drug company work 
and he himself frowned upon what the 
firms put on the labels of their 
merchandise. But as though one 
possessed, he used his company’s men 
and money to isolate the anti-pernicious 
anaemia factor (later identified as 
Vitamin B 12 ) from liver. Others who 
began the race with him got tired and 
fell by the side; he himself was blinded 
to his own success ironically by 
perceptions and prejudices acquired 
during the long chase. He thought the 
pure pink vitamin solution to be a liver 
fraction contaminated by the poisonous 
Reinecke salt. What saved SubbaRow 
was his conversion to the mistaken 
belief that pernicious anaemia, the 
target of Vitamin B 12 hunters, and 
tropical sprue, his own antagonist, were 
analogous. He led the group which 
isolated folic acid, the cure for tropical 


sprue, from liver, but it was an 

expensive curiosity. So he looked for 
alternative sources and got it isolated 
from a microbial fermentation broth 
also. He did not know it but it actually 
was a folic acid analogue. Luckily this 
too cost too high and he worked out its 
synthesis with his team of young Ph Ds 
fresh out of graduate colleges. 

Folic acid has, in the last fifty years, 
proved itself as a specific against 

megaloblastic anaemias other than 

pernicious anaemia, and as an adjunct to 
treatment with vitamin B ,2 in pernicious 
anaemia cases. Its isolation from a 
microbial source inspired the isolators 
of the vitamin B^ too from similar 
sources. It has also received much 
attention from bioscientists because it 
participates in the synthesis of amino 
acids like methionine and serine, 
purines, pyrimidines and in the 

exchange of choline. 

Folic acid was Lederle’s first own 
vitamin but SubbaRow and his resear¬ 
chers secured the company patent posi¬ 
tion on several vitamins by finding 
alternative routes to their synthesis. Nor 
were vitamins the only preoccupation of 
SubbaRow’s research laboratory. His 
chemists and biologists, along with their 
clinical collaborators all over the United 
States, were engaged in battles against a 
w'hole range of ailments. SubbaRow 
orchestrated the brilliant new ideas of 
the young scientists in their creative 
years and induced new creativity among 
veterans by assigning tasks they had no 
previous experience in. As an MD he 
motivated Ph Ds with his dedication 
to the alleviation of human ailments, 
and as a PhD he got MDs to help 
him fashion chemicals to match the 
microbes. A man of all sciences, he was 
a chemist among chemists, a parasi¬ 
tologist among parasitologists and a 
clinician among clinicians. He went 
from laboratory to laboratory, paced up 
and down with doctors and project 
leaders, discussing problems on which 
they were stuck and telling them, ‘You 
should do this and this and this,’ and 
the project would go forward. 

After the May 1946 presentation of 
folic acid, the medical world received 
w'ith enthusiasm from SubbaRow’s 
laboratory an antifilarial, several pro¬ 
mising anticancer drugs and an out¬ 
standing antibiotic. 

The last was the result of his search 
for a panacea - a cure for all fevers. 
Rene Dubos's gramicidin and tyro- 
thricin were the first antibiotics to be 


produced commercially, and this was 
achieved in SubbaRow’s laboratory in 
1941. When in July that year H. W. 
Florey and N. G. Heatley came to the 
United States to arrange commercial 
production of Alexander Fleming’s 
penicillin, they found SubbaRow pro¬ 
ducing penicillin that was ‘somewhat 
more potent’ than that reported by 
anyone else. His apparent success and 
his company’s suspicion of Roosevelt’s 
creeping socialism kept his laboratory 
outside of the cartel that won war 
contracts for penicillin. His company 
wanted him to obtain a licence for 
streptomycin but Selman Waksman had 
worked on grants that obliged him to 
assign patents to Merck. So SubbaRow 
set up his own antibiotic programme, 
hiring a botanist to screen moulds from 
all over the world, a bacteriologist team 
to test the microbial secretions in 
experimental animals, a pharmaco¬ 
logical group to check toxicity, and 
fermentation technologists to cook 
broths in which to grow mould A-377, 
which secreted what was deadly like 
cobra to a broad spectrum of disease 
germs and yet mild like a kitten to their 
animal hosts. With the golden antibiotic 
Aureomycin born of the labours of 
botanist Benjamin Duggar, bacterio¬ 
logist Doris McKenzie, pharmacologist 
Ben King Harned, fermentologist 
Joseph Niedercorn and isolation chemist 
George Krupka, SubbaRow went to the 
top clinicians of the day and was cold- 
shouldered. But the distinguished 
Harlem surgeon Louis Tomkins Wright 
was impressed by SubbaRow’s data on 
viricidal A-377 and got dramatic cures 
of viral VD. Now the famous Harvard 
and Johns Hopkins clinicians vied with 
each other to get physician’s samples. 
The antibiotic helped control a Cali¬ 
fornian epidemic of rickettsial infec¬ 
tions, cured bacillary and influenzal 
conjunctivitis, combated urinary tract 
infections resistant to sulphas and peni¬ 
cillin, and cured brucellosis. Large- 
scale clinical trials in Boston hospitals 
proved its broad spectrum of activity 
against diseases caused by gram¬ 
positive as well as gram-negative 
bacteria, rickettsiae, large viruses, some 
spirochetes and pathogenic amoebae. 
Aureomycin is chemically chlorotetra- 
cycline and a whole group of ‘tetra¬ 
cyclines’ were subsequently derived 
from other moulds and by manipulating 
the ‘tetracycline’ molecule. One could 
tailor the tetracycline to a specific 
ailment and to attack a microbe that had 
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become resistant to one of the 
derivatives. 

In developing the first tetracycline 
antibiotic, SubbaRow had found the 
panacea - a single drug to combat many 
fevers, the management of which could 
now be done without hospitalization 
and without the pain of the needle as it 
can be and is administered orally as 
capsules. 

But the moment of his greatest 
success found SubbaRow obsessed with 
the dream of conquering cancer. A 
series of false leads set him furiously 
analysing clinical reports of folic acid 
and its derivatives by cancer specialists. 
Everything pointed to folic acid anta¬ 
gonists as the therapeutic agents against 
acute leukaemia among children. 
Sydney Farber confirmed this by secur¬ 
ing remissions in two kids admitted at 
Boston’s Children’s Hospital with the 
fatal ailment by administering amino- 
pterin. Methotrexate, the less toxic 
chemical cousin of aminopterin, later 
got into the general armamentarium of 
cancer hsopitals. This has been used not 
only in childhood leukaemia but also in 
some adult cancers, notably Burkitt’s 
lymphoma. More importantly, this 
pointed to antimetabolites in the 
chemotherapy of cancer. Folic acid 
antagonists presumably inhibit the 
synthesis of nucleic acid on which 
depend division and multiplication 
of leukaemic cells. Since purines 
are essential for the completion of 
nucleic acid synthesis, helped initially 
by. folic acid, purine antagonists 
developed independently by George 
Hitchings - a Harvard collaborator of 
SubbaRow - supplement folic acid 
antagonists in cancer chemotherapy. 
Together with 5-fluorouracil, which 
blocks DNA synthesis, these anti¬ 
metabolites have helped cure more than 
half of the children treated for acute 
leukaemia. Hitchings got the 1988 
Nobel Prize partly for this contribution. 
But cancer remains unconquered and 
colleagues say that this was because 
SubbaRow died in his sleep on August 
8, 1948, while gathering men and 
material for a cancer research institute 
his company had agreed to build for 
him. 

Yellapragada SubbaRow’s ardent 
courting of Dame Fame was motivated 
by the circumstances of the family 
in which he was born a century ago 
in Bhimavaram, West Godavari district 
of Andhra Pradesh, on January 12, 
1895. 


Grandfather Subba Raju had given up 
a comfortable village post and ancestral 
lands so that his children could be ready 
with education to meet the twentieth 
century in prestigious government 
service. But father Jagannadham was 
forced by illness to seek early 
retirement on a meagre pension. Mother 
Venkamma was determined to see 
SubbaRow fulfil the mission set for the 
family by his grandfather. SubbaRow at 
school was like an ocean-liner stranded 
on a shallow river and ran away from 
home to seek a fortune catering to 
pilgrims in Varanasi. Overtaken and 
brought back from halfway and put back 
in school by his mother, SubbaRow was 
sent to Madras for a third attempt after 
he failed to matriculate from the 
hometown school and then under elder 
brother’s tutelage in Rajahmundry. On 
Jagannadham’s death, Venkamma sold 
her mangalasutram to maintain 
SubbaRow in Madras. He passed the 
matriculation examination but as a 
college student spent more time at the 
Ramakrishna Mission, deciding that his 
prime motive in life {paramartha) lay 
in finding from religion ‘the knowledge 
about relation of man to God’. Seeing 
no way of his mother permitting his 
entry into the monastic order, the 
Mission persuaded him to enter the 
Madras Medical College so that he 
could serve in its hospitals. He married 
the grand-daughter of a landlord who 
lent funds for him to continue medical 
studies, resisted the temptation to enter 
the 1921 Non-Co-Operation Movement 
lest he fail in his revised prime motive - 
quest of knowledge about the 
responsibility of man to fellow humans. 
His concession to Gandhiji, khadi 
surgical gown, offended the English 
professors and cost him the MBBS 
degree. Awarded the LM&S certificate, 
he decided against medical practice. In 
any case its failure to save him from 
tropical sprue had exposed the 
limitations of Western medicine. He 
would explore Ayurveda, whose simple 
potions had cured him after the top 
English physicians had given up hopes 
for him. 

As vice-principal of Madras Ayur¬ 
vedic College run by his saviour 
Achanta Lakshmi Pathi, he organized 
presidency-wide clinical trials by vaids 
of Ayurvedic drugs for elephantiasis, 
compiled a volume on properties of 
vegetable drugs described by Charaka, 
Drudhbala, Vrudha, Susruta and 
Vagbhata the Elder and the Younger. 


He wanted to reinterpret the Tridosha 
Theory from the modern endocrino¬ 
logical point of view besides standardiz¬ 
ing Ayurvedic drugs. The facilities and 
the atmosphere at the Madras institution 
was not conducive to this. The 
American medical establishments where 
he wanted then to pursue these 
objectives were not sympathetic. He 
nevertheless landed in Boston on 
October 26, 1923, with a hundred 
dollars remaining of the loan advanced 
by his in-laws. Dean Richard Strong 
loaned the balance of the fee for 
enrolling at the Harvard School of 
Tropical Medicine. SubbaRow earned 
his DTM supporting himself with such 
lowly jobs as hospital orderly. A 
Malladi Satyalinga Naicker scholarship 
permitted him to stay on and he enrolled 
for a biochemistry course at the Harvard 
Medical School as it was not tenable for 
medical studies as such. His research in 
‘pure’ science would also find applica¬ 
tions in practice of medicine, and step 
by step he was inexorably caught in the 
veils of modern medicine, through 
which he discharged his ‘responsi¬ 
bility... to fellow humans’. 

The fulfilment of his paramartha did 
not, however, mean SubbaRow was a 
wordly success. Nor did he achieve the 
fame the pursuit of which was his other 
motivating force. For he was far too 
squeamish when it came to sharing 
credit with collaborators. This went 
back to the time when he compiled his 
‘Hindu Pharmacology’. The manuscript 
records that he dictated it and that 
students M. V. Sastry, B. Subramanyam 
and Rella Kamayya, respectively, wrote 
down the three parts. At Flarvard 
Medical School, his guide Cyrus Fiske 
not only wrote up the phosphorus 
method but also presented it to the 
scientific world and published the joint 
paper with himself as the first author. 
SubbaRow wrote home why: ‘I worked 
under the supervision of Dr Fiske and it 
is courtesy in research that both names 
should go to the method. Moreover, 
a method bearing the name of one with 
a big reputation like Dr Fiske’s would 
be entirely genuine rather than one 
bearing the name of a novice unknown 
to the scientific world.’ The arrange¬ 
ment continued even with SubbaRow’s 
seminal work in muscle chemistry: the 
isolation of phosphocreatine and ATP. 
This was unfortunate not only because it 
denied SubbaRow credit due to an 
increasingly independent collaborator 
but also because it caused loss of 
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Lje:e>ert^e Laboratories 


aO RocBBi>>au.aai 


To Paoupu. Mivaii 


PJEA.H1C RlV*W 
NkwYopjc 

December 29th 
19 4 2 


Lt, Milton EUcln 
AFOTS 

Roney Plaza Hotel 
^iarai Beach, Florida 

Dear Milton: 

I aa ^ad that you are well and happy in the army. I don*t 
know what you are doing there, bat it is all right with me. 

An unfortuneate incident has occurred, which though I know 
you will not care about, it still bothers me a. little. Tou 
remember that you made a summary of our paper*^Ergebniise 
vit-«a^ forschmg" for the CURRENT SCIiiNCE. I passed it 
along Mth the idea that it would never reach India, and 
thus I neglected to put any names an it. But it did reach 
India, and they did not send me any proof, and even though 
I did not put any names on the paper, they published it tin¬ 
der my name. I had intended it to be a joint paper, and I 
had intended to introduce the names when the proofs came 
to me. 

I realize that you probably don*t care about this, but now 
that I have told you about it my conscience is clear. 

Very truly yours. 


TS:3M 


- 


Y. SubbaRow 


publication priority. As Fiske 
underwent a personality change, 
publication was unduly delayed and 
then completely blocked. This, of 
course, ruined Fiske’s promotion as 
departmental chief. Fiske was not 
helped by SubbaRow declaring, out of a 
misplaced sense of loyalty, that he had 
merely been an extra pair of hands for 
him in unravelling muscle contraction. 
The sacrifice turned out to be 
scientifically suicidal. Harvard denied 
SubbaRow facilities for the success of 
his vitamins hunt. Although Fiske 
dissociated himself from the vitamin 
work and new departmental chief A. 
Baird Hastings was even less concerned 
with it, they have been cited as co¬ 
authors of SubbaRow 's Harvard vitamin 
work. The sole exception is the paper in 
Current Science, which cites SubbaRow 
as the sole author. He had only 
summarized a joint paper with Hastings 


and medical student Milton Elkin, who 
did library research. For there appeared 
no chance of it being published by the 
German journal for which it had been 
originally written. The United States 
was at war with Germany. Mailing the 
summary with no hope that it will reach 
India, SubbaRow did not put any names 
on it. He would introduce the joint 
authors if and when the proofs came. 
The proofs never came. But the article 
did reach Bangalore and the exceptional 
sole-author paper in his bibliography 
came into being. How much this 
troubled SubbaRow is revealed in the 
letter (see box) he wrote to Elkin, who 
had, in the meantime, spurned his offer 
of a war-related job that would have 
granted him exemption and joined the 
airforce as a lieutenant. 

SubbaRow, now head of several 
research teams, established his own 
credit regime. The scientist who made 


the key contribution would be the first 
author and also present the paper at a 
scientific gathering; co-workers would 
be listed alphabetically and his own 
name would be the last. And, he thought 
it a compliment and agreed to him also 
being listed alphabetically in the 
announcement on the synthesis of folic 
acid when his ‘boys’ argued that his 
own contribution to the overall team 
success had been as important as any 
one of theirs. 

When it came to patents, his name 
appears only on those for pheno- 
sulphazole, the chemical that did not 
live up to its promise to conquer polio. 
The application for the worthless patent 
was made after his death. The claim by 
the executor of his estate is inexpli¬ 
cable. The patent attorneys could 
usually find no evidence of his contri¬ 
butions in the laboratory records. 

Scientists as a class cannot be 
expected to be any less indifferent to 
rewards and recognition than others but 
would do well to remember what 
SubbaRow once said: ‘The victories of 
science are rarely won single-handed. 
No one man should get the (entire) 
credit.’ 

Scientists in India have been, during 
this centenary year, assessing the endur¬ 
ing significance of Dr Yellapragada 
SubbaRow’s gifts to humankind, and 
are eager to win for him the recognition 
due to him. Participants in the first 
centenary symposium - held in New 
Delhi in March - were for a Bharata 
Ratna to him. The President of India 
should respond to this proposal when 
the Padma awards are resumed. 
SubbaRow insisted on remaining an 
Indian citizen after winning his right to 
claim American citizenship. And, 
although he made his contributions 
abroad, they all came from his India- 
born talents, drives and inspirations. 
Besides, they have improved the well¬ 
being of the entire world community, of 
which India is part and parcel. (June 17, 
1994). 


A former foreign editor of Press Trust 
of India, S. P. K. Gupta is also a 
science writer and author of the full- 
length biography, ‘In quest of panacea: 
Successes and Failures of Yellapragada 
SubbaRow ’ (New [Yelhi: Evelyn Publi¬ 
shers). 
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The Great Bengal Cyclone of 1737 - an enquiry into the 
legend 


A. K. Sensarma 

In tropical cyclone literature {e.g., 
Tannehill 1945; Nalivkin 1969; Ency¬ 
clopaedia Britannica 1974; Southern 
1979) a cyclone which hit south Bengal 
at the mouth of the Ganges in 1737 has 
acquired pride of place as not only the 
earliest known killer cyclone but also 
one of the worst natural disasters in 
human history. In fact there are only 
three known cyclones in which loss of 
life was comparable: Buckerganj 1876, 
Haiphong 1881 and Bangladesh 1970, 
in all of which the estimated loss of life 
was about 300 000. 


Tamiehill 

Under the heading ‘The Hooghly 
disaster of 1737’ Tannehill (1945) 
writes: ‘Perhaps the greatest catastrophe 
of this nature was that which occurred 
on Oct. 7, 1737, at the mouth of the 
Hooghly river, on the Bay of Bengal. A 
furious cyclone destroyed twenty 
thousand crafts of all descriptions and 
the storm wave rose 40 ft. It is recorded 
that three hundred thousand people 
perished in lower Bengal or in the Bay.’ 

The most striking part of this 
description is the figure for human 
casualty. Three hundred thousand is a 
colossal figure for death anywhere any 
time in spite of the fact that recent 
repeated cyclone disasters in 
Bangladesh have brought the number 
within the realms of possibility. But 
when we consider that the storm 
affected an area a large part of which is 
underpopulated to this day the figure 
calls for closer scrutiny. Deaths due to 
tropical cyclones are concentrated to the 
right of the cyclone’s track (Appendix 
A). For a storm making landfall near the 
mouth of the Hooghly the area to the 
right of the track would be the 
Sundarban extending a few hundred 
kilometres across and about a hundred 
kilometres deep (Appendix B). Even 
today, barring a narrow strip along the 


Reproduced with permission from Weather, 
1994, 49, 90-96. © Royal Meteorological 
Society. 


course of the Hooghly, the entire area is 
saline swamp mostly devoid of human 
settlements. 

Added to this is the point in time 
when this storm occurred. It was more 
than 250 years ago when the human 
population world-wide was only a tenth 
of its present number and so we realize 
how very unlikely the casualty figure 
must be for that place and time. 

Blanford 

Certainly Tannehill cannot be faulted 
for not being able to put the storm of a 
distant place and time in its proper 
perspective (Appendix B). But it is 
indeed surprising that he chose to 
ignore the cautionary note of his evident 
source (Blanford 1876), a meteorologist 
working in India and therefore more 
knowledgeable about local realities. 
Blanford all along had a hunch that the 
casualty figure was inflated. He was 
quite explicit about this in his 
Catalogue (Blanford 1877) and also in 
Vade Mecum (Blanford 1876) which 
latter book Tannehill lists in the 
bibliography. In Vade Mecum Blanford 
says ‘ ... but judging from the character 
of Indian Statistical estimates, even at 
the present day, we may perhaps 
Justifiably entertain a suspicion that 
these figures as somewhat excessive.’ 

Piddington 

Blanford quotes Piddington’s Hornbook 
(Piddington 1848) as his source of 
information about this storm. But 
Piddington himself has not made any 
reniark about the casualty figure in his 
writing. 

However, the casualty figure was not 
the only noteworthy aspect of the report 
of this storm. It was also the first storm 
in recorded history reported to have 
been accompanied by an earthquake. 
For some unknown reason Piddington 
considered this storm worthy of mention 
in his Hornbook (Piddington 1848) only 
because of the simultaneously occurring 
earthquake. Is it possible that he found 


the casualty figure so obviously improb¬ 
able that the rest of the description also 
became suspect to him and he did not 
deem it worthy of comment? Piddington 
had studied tropical cyclones worldwide 
with a missionary zeal. His complete 
lack of interest in this casualty figure 
brooks no other interpretation, but we 
can only speculate. 

The absence of any comment about 
the casualty figure in Tannehill’s book, 
however, cannot be explained away in 
the same manner. That he takes the 
casualty figure in earnest is brought out 
by the sobriquet he uses for this event: 
‘The Hooghly Disaster’. Moreover, 
Tannehill makes it clear in his narrative 
that he has quoted Blanford and not 
Piddington by the date he uses. In 
Piddington the date of occurrence is 11 
October 1737. Blanford changed this to 
7 October (offering no explanation as to 
why he did it). 

Continuing with Blanford we find 
that this is not the only change he 
effected on material he collected from 
Piddington. The storm crossed the coast 
in a riverine area and took its 
destructive effects quite some distance 
up the main channel of the river. In the 
material cited by Piddington this 
distance is 60 leagues. Blanford (1877) 
amends, again without any explanation, 
this distance to 60 miles (‘league’ is a 
unit of distance equal to about 3 miles). 
We shall see later that whatever his 
reasons for effecting these two changes 
Blanford was wrong in both. But then 
Blanford’s indiscretion pales into 
insignificance when it is discovered that 
the version he amended was one which 
had already undergone an amazing 
amendment. 


Martin 

Piddington obtained the details about 
the storm from a medical guide to 
Calcutta of the early nineteenth century. 
He writes: 

‘The earliest notice I can find of a storm 
and earthquake occurring together is the 
following in the Gentleman’s Magazine 
for 1738-39, which I copy from Dr 
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Martin’s Medical Topography of 
Calcutta ... It is stated that - 

On the night between 11th and 12th 
October, 1737, there happened a furious 
hurricane at the mouth of the Ganges 
which went sixty leagues up the river. 
There was at the same time a violent 
earthquake, which threw down a great 
many houses along the river side in 
Golgota [i.e. Calcutta] alone, a port 
belonging to the English. Two hundred 
houses were thrown down, and the high 
and magnificent steeple of the English 
Church sunk into the ground without 
breaking. It is computed that 20,000 
ships, barques, sloops, boats, canoes, etc. 
have been cast away; of nine English 
ships then in the Ganges eight were lost 
and most of the crew drowned. Barques of 
sixty tons were blown two leagues up into 
the land over the tops of high trees; of 
four Dutch ships in the river, three were 
lost, with their men and Cargoes: 300,000 
souls are said to have perished. The water 
rose forty feet higher than usual in the 
Ganges.’ 

A cross-check reveals that Piddington’s 
is a faithful reproduction from Martin’s 
book (Martin 1837). 

The Gentleman Magazine 

Unfortunately, the same cannot be said 
of Martin (1837). Nowhere in his book 
had he admitted the fact that he had not 
collected the material directly from the 
Gentleman's Magazine. He had led 
everybody to believe that his was an 
authentic transcript of the piece in the 
magazine and has, thus, been the 
principal instrument in perpetuating the 
myth in tropical cyclone literature. In 
reality he had copied the details from 
another book depending, evidently, on 
its reliability. 

When we refer to the Gentleman’s 
Magazine (1738) (Appendix C), we find 
that not only is the piece in the 
magazine worded in a completely diffe¬ 
rent manner but also many details are 
missing while others have been added. 

The narrative in the magazine starts 
with a completely different date. It 
mentions 30 September as the date of 
occurrence, without further qualification 
as to the time of day. Since in Martin’s 
(1837) description the date appears as 
‘the night between 11th and 12th of 
October’ one is immediately beset with 
doubt as to whether there was another 
storm closely followed by the later one. 
However, correspondence of many 
details soon reassures us that the same 
storm is being described. As it turns out 


this is certainly the most harmless of all 
the amendments and had some justi¬ 
fication though it would have been 
considerate of the author of this 
modification if he had taken trouble to 
explain a little. It was difficult after 
about two and a half centuries to 
recollect that the Gregorian calendar 
was not in use in the British Empire in 
1737 and the date 30 September is 
according to the earlier Julian calendar 
then in use. It matches very well with 
the date 11 October (but not 7 October 
as mentioned by Blanford) which would 
be its Gregorian equivalent. 

But the really surprising discovery in 
the account published in the Gentle¬ 
man’s Magazine (1738) was the 
complete absence of any estimate of 
lives lost in the storm. The entire 
sentence containing the statement on 
human casualty in Martin’s (1837) 
transcript is evidently an implant, an 
amendment like that made by Blanford 
but much more radical not only in its 
scope but also in its impact. Because it. 
is solely on the strength of this casualty 
figure that this storm is ranked among 
the worst, if not the worst, tropical 
cyclone disasters in recorded history. 


Contemporary accounts, 1737 

We will leave aside the question as to 
how such a gross distortion of a major 
event could occur within a century of its 
occurrence. We will instead pursue an 
enquiry, more relevant for the history of 
tropical cyclones, as to where this 
discovery leads us. Is there any con¬ 
temporary account which gives a de¬ 
pendable estimate of damages to 
confirm that reported by the Gentle¬ 
man ’s Magazine! 

It so happens that the storm also 
affected Calcutta where the English had 
started a trading post less than 50 years 
earlier- For the early settlers the storm 
must have been something to write 
home about. 

One such letter from a well connected 
settler was preserved in his family 
papers and came to light more than 160 
years after the event (Wilson 1898). The 
letter is dated Calcutta, 31 December 
1737, and speaks of a ‘dreadful 
hurricane we had here the 30th Sep¬ 
tember at night’. It goes on to give some 
graphic details: 

‘Such a scene of horror as that night was, 
I never saw or heard off. Such terrible 
gust of wind like the lowdest thunder and 


torrents of rain that I expected every 
moment the house I lived in, which is, I 
believe the strongest in the town, would 
have fallen on my head. The noise was so 
violent above stairs that myself and family 
was obliged to go down and stay below 
till morning with poor Mrs. Wastell and 
her children who had fled to our house for 
shelter the doors and windows of hers 
being burst from the walls. But good God 
what sight was the town and river in the 
morning; not a ship but the Duke of 
Dorsett to be seen in the river where the 
evening before was twentynine sails of 
vessels great and small many being drove 
ashore. Some broke to pieces and others 
foundered and this which is scarse 
creditable in a river hardly a mile wide, 
there was no ebb tide for near twenty four 
hours. Our church steeple was blown 
down as also eight or ten English houses 
and numbers belonging to the black 
Merchants. The whole town looked like a 
place that has been bombarded by an 
enemy. Such a havoc did it make that ’tis 
impossible to find words to express it. All 
our beautiful shady roads laid bare which 
will not be the like again this twenty 
years.’ 

Bengal public consultations, 

1737 and 1739 

The East India Company (the English 
trading company) establishments at 
Calcutta also felt the impact of the 
storm. Official details of the effects as 
recorded in its papers also confirm 
broadly the descriptions in the 
Gentleman’s Magazine. In an entry in 
Bengal Public Consultations dated 15 
October 1737, which I quote from 
another source (Wilson 1906), it is 
stated that: 

‘The late Violent Storm having laid the 
whole Black Towns, quite throughout the 
Honourable Companys bounds, insomuch 
that hardly twenty Thatched Houses were 
standing the next day, and the Inhabitants 
losing the little they had are rendered 
incapable of paying the Rents .. . what 
still adds to the Calamity is that by the 
Violent force of the Wind the River 
overflowed so much that a great Quantity 
of Rice was quite Spoil’d . . . and near 
3,000 Inhabitants were killed as great a 
Number of large Cattle besides Goats and 
Poultry destroyed.’ 

Here we get an estimate of human 
casualty which is but a hundredth of the 
legendary number. Lest this relatively 
modest number appears to undermine 
the storm’s standing as one of the major 
cyclones in human history let us 
remember that this figure is only for the 
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Severe thunder storm north-east of Sedona, Arizona, 20 August 1992 (CT © Jeronimo Lorente). 


English settlement more than 120 km 
inland at Calcutta and the contiguous 
areas under the company’s influence. 
The large, albeit thinly populated, area 
south and east of Calcutta across which 
the storm has swept up from the Bay of 
Bengal is out of this reckoning. More 
importantly it was of a period when 
Calcutta had only about a hundredth of 
its present-day population. 

There is also reference to damages 
suffered by company installations later 
in the entry dated 15 October. A 
detailed listing thereof is also given in 
the entry dated 17 October. That the 
storm left a deep imprint is borne out by 
the fact that it crops up again in a 
correspondence more than a year later. 
A letter (Wilson 1906) dated 29 January 
1739 speaks of: 

‘ ... the storm which levelled most of the 
Walls in the Town, shattered and threw 
down many of the Buildings and blew up 
the Bridges, the Tide some days after 
broke in upon and carried away some of 
the Wharfs Ships and Stairs, the Places 
most Damnified are the Peers on the 
factory Wharf, Wharf and Ships at Soota 
Loota. Walls round the burying place and 
powder magazine and the factory Points, 
Church steeple was over thrown.’ 

There is evidence of a much deeper 
imprint, the true signature of a really 
major storm. Further on in the same 
letter we find the following entry: ‘A 
Sad Effect of the Hurricane was a 
Famine that raged all round the Country 
best part of the Year, were obliged to 
forbid the Exportation of Rice the 5th 
June ... ’. 


As is well known, the most persistent 
(and the most pernicious) of all the 
possible effects of a severe tropical 
cyclone is the loss of soil fertility due to 
saline incursion. 

How many lives were lost due to 
starvation? We did not come across any 
record. 

Conclusion 

Though the casualty figure routinely 
quoted with this storm is an 
unauthorized implant and the actual 
casualty must have been much less, all 
available accounts of the damages as far 
inland as Calcutta suggest that the storm 
was indeed a major one. 

Appendix A - Destructive 
effects of tropical cyclones 

Strong winds and torrential rain are a 
cyclone’s more well known but relatively 
less destructive aspects. In a ‘killer’ cyclone 
the death and destruction is mainly due to 
the sea effect. It is a sudden spectacular 
superelevation of the sea surface known as 
‘storm surge’ which develops to the right of 
the storm as it travels over coastal waters. As 
the storm crosses a coast this surge moves 
inland with a sheer wall-like front almost 
simultaneously with the storm centre. In this 
part of the world the total sea elevation in a 
cyclonic storm has often reached 12 m. 

The destructive aspects of the storm are, 
moreover, not of uniform strength in all 
directions around the storm centre. The 
storm surge, in particular, is almost entirely 


concentrated to the right of the point of 
landfall extending up to a distance of about 
150 km, its height peaking at a distance of 
about 25 km from the storm centre and 
falling off gradually further away. The death 
and destruction from a cyclonic storm is 
therefore mainly to the right of the track. 

Inland penetration of surge depends on the 
coastal topography but comparatively is 
much less, not much more than 10 km when 
the coastline is unbroken by river mouths or 
estuaries. Where an estuary or river mouth is 
present in the surge-affected coast, the surge 
can travel along the water course for a long 
distance and cause comparable damage 
inland. During the Bangladesh cyclone of 
1970 the surge exceeding 2 m extended 
about 130 km normal to the storm track but 
had reached almost 160 km inland along the 
track in that highly deltaic region. 

Appendix B - South Bengal in 
1737, a perspective 

Geographical 

The Indian Ocean, to its north-east, forms a 
relatively shallow embayment roughly 
between latitude 5°N to 22°N and longitude 
80°E to 95°E, known as the Bay of Bengal. 
It is bordered to the north by a wide 
continental shelf where a number of large 
rivers of the Indian subcontinent drain from 
the north. Two such rivers, the Ganges and 
the Brahmaputra, form a wide flat wedge of 
delta country covering almost the entire head 
of the bay. The seaward fringe of this delta 
is known as ‘Sunderban’. It is a network of 
estuaries, rivers and creeks which enclose a 
large number of flat, marshy islands. Many 
are covered with dense forest and a denser 
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undergrowth standing in soft mud, half in 
and half out of the water. The area under 
forest is about 7766 km^ Cultivation is 
confined to the north where over 5177 km^ 
have been settled, but the population is very 
sparse. South of the area of cultivation, the 
Sunderban is practically uninhabited. 

The westernmost distributary of the 
Ganges, and also the westernmost boundary 
of the Ganges-Brahmaputra delta is an 
almost north-south channel known as the 
Hooghly. On its east bank, 128 km upstream 
from the head of the bay, stands the port city 
of Calcutta, the only urban agglomeration in 
the area in those days. About its population 
the available records speak of a figure of 
12 000 in the year 1700, 22 000 in 1706, 
82 000 in 1710 and 100 000 by 1735. 

Downstream the Hooghly - itself joined 
by two tributaries flowing in from the west, 
the Damodar and the Rupnarayan - acquires 
a fairly wide expanse before it meets the bay. 

Climatological 

The Bay of Bengal is one of the major 
tropical cyclone basins where an annual 
average of five tropical cyclones form - 6 
per cent of the global total. Here there are 
two cyclone seasons, one before and the 
other after the Asian summer monsoon 
months, June-September. Germinating 
usually in the south-east of the bay as feeble 
low pressure areas, these storms gradually 
gain in intensity as they move towards the 
coast. Initially almost all of them travel 
north-westwards. In the post-monsoon 
months of October and November the 
majority of these later move north and 
finally some change to a north-eastern 
movement and hit the coastal areas to the 
north of the bay. These ‘recurving’ storms 
(as they are called) have a much longer sea 
travel than those that continue to move 
north-westwards and cross the coast west of 
the bay. As a result they have time to attain 
much more intensity. All the major cyclone 
disasters of this basin have resulted from 
such recurved storms. 

The very wide continental shelf along the 
northern coastline of the bay amplifies the 
sea effects even from a storm of moderate 
intensity to immense proportions. Often 
these sea effects are transmitted well inland 
through innumerable estuaries and channels 
of rivers that drain into the bay. The more 
recent Bangladesh disasters of 1970 and 
1991 are illustrations of the calamitous 
potentialities of the combination. 


Appendix C - Transcript of 
the report in Gentleman’s 
Magazine 

‘Historical Chronicle, 1738 
June 

On September 30, last happened a furious 
Hurricane in the Bay of Bengal, attended 
with a very heavy Rain, which raised 15 
Inches of water in 5 Hours, and a violent 
Earthquake, which threw down abundance of 
Houses; and as the Storm reached 60 
Leagues up to the River Ganges, it is 
computed that 20,000 Ships, Barks, Sloops, 
Boats, Canoes &c have been cast away. A 
prodigious Quantity of Cattle of all Sorts, a 
great many Tygers and several Rhinoceroses 
were drowned; even a great many Caymans 
were stifled by the furious Agitation of the 
Waters, and an innumerable Quantity of 
Birds was beat down into the River by the 
Storm. Two English ships of 500 Tons were 
thrown into a Village above 200 Fathom 
from the Bed of the River Ganges, broke to 
Pieces, and all the people drowned pellmell 
among the Inhabitants and Cattle. Barks of 
60 Tons were blown two Leagues up into the 
Land over the Tops of high Trees. The Water 
rose in all 40 Foot higher than usual. The 
English ships drove ashore and broke to 
Pieces, were the Decker, Devonshire, and 
Newcastle; and the Pelham is missing - A 
French Ship was drove on Shore, and 
bulged; after the Wind and Water abated 
they opened their Hatches, and took out 
several Bales of Merchandise, &;c, but the 
Man who was in the hold to sling the Bales 
suddenly ceased working; nor by calling to 
him could they get any Reply; on which they 
sent down another, but heard nothing of him, 
which very much added to their Fear; so that 
for some Time no one would venture down: 
At length one more hardy than the rest, went 
down, and became silent and unactive as the 
two former to the Astonishment of all: They 
then agreed by Lights to look down into the 
Hold, which had a great Quantity of Water 
in it, and to their great Surprize, they saw a 
huge Alligator staring as expecting more 
Prey: It had come in thro’ a hole in the 
Ship’s Side and ‘twas with Difficulty they 
killed it, when they found the three Men in 
the Creatures’ Belly.’ 
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Preface 

On the recommendations of the PAG in neurobiology, a 
Multidisciplinary Interaction Meeting on Neurosciences 
was organized at the Department of Physics, Indian 
Institute of Science, Bangalore, on 16-18 April 1993. 
The broad objectives of this meeting were: 

1. To take a critical look at the current status and 
discuss future directions for research work in allied 
disciplines of relevance to neurosciences. 

2. To plan the future course of action for developing 
multidisciplinary programmes in neurosciences. 

The programme included invited talks by leaders in the 
respective fields to highlight the state-of-the-art 
overview of the subject, current work being done in 
India, future perspectives and concrete suggestions for 
possible multidisciplinary interaction to strengthen the 
ongoing research in the country. There were 23 lead 
talks (see Annexure 1) on wide-ranging topics like 
physics and consciousness, information processing in 
biological vision, neural network and neurocomputers, 
ion channels, signal transduction, molecular perspectives of 
neurotoxicology, quantum-mechanical motivation, etc. 

The second part of the programme consisted of ‘free 
for air, uninhibited discussion which ultimately led to 
delineation of specific recommendations for future 
action. 

Besides the well-established scientists, some young 
scientists were also invited to participate (Annexure 2). 
It was generally agreed that this unique meeting was 
extremely useful in creating an awareness of the diverse 
expertise available within the country which could be 
harnessed to accelerate and expand neurobiology 
research in the country to frontline international level. 
To disseminate this information more widely, it was 
decided to publish the proceedings of this meeting. 
Some specific areas were identified for multidisci¬ 
plinary interaction. 

Specific areas 
Genetics 

1. Genetic studies on human neurological diseases of 
special interest to India. 
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2. Molecular neurogenetics for the study of develop¬ 
mental neurobiology. 

3. Developmental biology, specially in human material. 

Behaviour 

4. Neuroethology. 

5. Human behaviour/consciousness/memory/intelligence/ 
cognition. 

Molecular studies 

6. Neurotoxicity. 

7. Receptor studies for drugs and toxicity screening. 

Biochemical studies 

8. Myelin - composition and function. 

9. G-protein - Mechanisms of transduction. 

10. Chemistry of brain in intact animals-NMR and 
PET. 

Neural networks, artificial intelligence, neural 
prothesis 

11. Creation of a number of multidisciplinary groups. 

12. Theoretical models in neurobiology: modelling and 
stimulations software packages. 

Cognitive science 

13. Initiate activity in this field. 

Creation of facilities 

14. An animal facility for mutants, natural and 
transgenic. 

15. A database in the above areas. 

16. At least one PET-scanning facility. 

17. Facility for magnetoencephalography. 
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SPECIAL ISSUE ON 


In addition, some general recommendations were made 
with a view to catalyse the ongoing activity to a wider 
and higher level: 

1. Arranging group discussions at different places for in- 
depth debate and planning of well-defined multi¬ 
disciplinary research programmes, e.g. Genetics and 
Neural networks. 

2. Holding information-sharing training programmes, 
courses on neural networks, information processing and 
experimental neurobiology. 

3. Establishing a few units in areas of our strength. 

4. Creating some facilities for new techniques not 
already existing. 

5- Creating post-doctoral fellowships in these areas. 

P. N. Tandon 
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NEUROSCIENCE - A MULTIDISCIPLINARY APPROACH 


Understanding the human brain: Need for a 
multidisciplinary approach 

P. N. Tandon 

Neuroscience Centre, All India Institute of Medical Sciences, New Delhi 110 029, India 


Recent advances in diverse fields of science^ from 
molecular to the behavioural aspects on one hand 
and mathematical modelling, artificial intelligence 
and computer science on the other, provide 
unparalleled opportunities to unravel the mysteries 
of the brain and may be the mind. This has been 
made possible due to developments in the techniques 
of molecular biology, genetics, tissue culture, neural 
transplantation, imaging coupled with advances in 
solid state electronics and computers. A brief 
account is provided of the current understanding of 
the biological basis of the functioning of the brain, 
outlining the need for a multidisciplinary approach 
to enhance this understanding. 


Neuroscience research is a continuum of study from 
the molecular to the behavioural level. It encompasses 
the body of research directed towards understanding the 
molecular, cellular, intercellular processes - mediated 
through electrochemical signals, in the nervous system, 
integrated to subserve behaviour. As a matter of fact 
attempts are being made to bring within its scope 
illusive entities like consciousness and mind. Till 
recently, most neuroscientists, neuroanatomists, neuro¬ 
physiologists, neurochemists, neuropathologists, worked 
in isolated discipline-bound compartments. It is now 
obvious that such an approach is no more conducive to 
unravelling the mysteries of the brain and mind. Rapid 
developments in diverse fields like molecular biology, 
recombinant DNA technology, genetics, and 
biotechnology supplemented by techniques like neuronal 
tracing, tissue culture, neural transplantation, different 
modes of spectroscopy, chromatography, radioimmuno¬ 
assay, receptor assay, etc. now permit investigations 
right up to the molecular level. On the other hand, newer 
imaging techniques - positron emission tomography 
(PET), nuclear magnetic resonance imaging (MRI) and 
in vivo spectroscopy (MRS), single photon emission 
computerized tomography (SPECT), now permit 
physiological, biochemical and pharmacological 
processes to be studied in the brain of conscious, 
behaviourally active, human beings. Simultaneous 
advances in mathematical modelling, systems analysis, 
solid state electronics have attracted a host of scientists 
to try and create artificial intelligence. It is, therefore, 
not surprising that neuroscience has become one of the 
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most attractive fields of research all over the world. It 
has been claimed that 95% of what we know today about 
the brain has been learnt in the last decade. 

Recognizing the importance of this field, DST and 
DBT, Government of India, have identified Neuro¬ 
science as a thrust area. A number of major programmes 
have been initiated. However, we still lack a critical 
mass of scientists. Worse still, most investigators in the 
country, even today, work in isolation. The clinical 
neuroscientists have very little exposure to basic 
neurosciences. The basic neuroscientists work in 
discipline-bound compartments. There is hardly any 
dialogue between the neuroscientists and the molecular 
biologists, cell biologists and biotechnologists. The life 
scientists and the physical scientists - the mathe¬ 
maticians, the physicists, the chemists, the computer 
scientists are hardly able to understand each other’s 
language. The two streams separate very early in our 
educational system. There is no forum or occasion for 
them to interact. The Programme Advisory Committee 
(PAC) on Neurobiology, therefore, decided to make a 
beginning by organizing this meeting. .We have here 
with us some of the most distinguished scientists 
representing most of the disciplines mentioned above. 
We hope our interaction during these three days will 
pave the way for a better understanding of each other’s 
expertise ultimately leading to creation of inter¬ 
disciplinary groups willing to advance the frontiers of 
neuroscience research. 

Here I provide a glimpse of the current state of our 
knowledge of neurobiology primarily from the 
perspectives of a clinician and a broad overview of the 
structure and function of human brain. 

The basic unit of the nervous system is a neuron. It 
consists of a cell body (the soma) and processes (the 
dendrites, the axon) through which it gets its (sensory) 
inputs from other neurons and transmits its messages to 
the effector organs, muscles, glands or other neurons. It 
has been variously estimated that there are appro¬ 
ximately lO^^-IO^^ neurons in the human brain. On an 
average each neuron is connected to about one thousand 
other neurons. The point of contact between the two 
neurons is called a synapse (Figures I and 2). Some 
neurons are reported to have as many as 200,000 
synapses. A whole range of techniques are now 
available to study the morphological details of any 
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Figure 1. Sketch to illustrate a simplified neuronal network 
effecting muscular activity. 




Figure 2. Diagram showing a full neuron with synaptic connections 
on the left and details of the synapses on the right (modified from 
Set Am., September, 1992). 

individual neuron or neuronal groups. While light and 
electron microscopy provide structural details at the 
level of subcellular organelles and synapses, immuno- 
histochemistry identifies the specific neurotransmitters. 
Aesthetically elegant as these studies are, it is obvious 
that it may not be possible to analyse the more complex 
functions of the brain from the study of single neuron or 


even a group of neurons. The belief that the human 
behaviour or mental functions are nothing but a sum 
total of the neuronal activity of the brain has been 
already challenged by those 'who believe these to be the 
emergent property which is mpre than the aggregated 
activity of groups of neurons. 

A variety of neuronal labelling techniques help trace 
the neuronal circuitry. These studies have provided 
valuable information on the structural basis of functional 
organization of different types and groups of neurons. 
Detailed maps are now available for some of the 
functional groups like those concerned with vision or 
motor control. There are several other systems, specially 
those concerned with cognitive functions, which are just 
beginning to be explored. 

It is important to realize that much of neuronal 
circuitry which develops in an orderly, sequential and 
specific manner during foetal development is genetically 
determined. This may be compared to ‘hard-wired’ 
electronic circuits. However, a vast majority of neurons 
possess inherent plasticity which enables them to make 
(or break) new connections under the influence of 
environmental and behavioural inputs. It is this dynamic 
characteristic of the nervous system which is a night¬ 
mare for the electronics engineers who wish to model 
their computers and artificial intelligence on the pattern 
of the brain. 

It is now well-established that the interneuronal 
communication is an electrochemical phenomenon. 
During the last decade and a half several dozen 
neurotransmitters and neuromodulators have been 
identified. The study of their synthesis, storage, release, 
degradation and recycling has provided a fascinating 
picture of the chemistry of the brain. At the molecular 
level, a number of receptors have been identified and 
some have even been cloned, sequenced and 
synthesized. Similarly a variety of ion-channels, which 
ultimately determine the generation and propagation of 
the electrical impulse have been identified and 
characterized. Information is now available on the 
physical, biochemical and functional features of some of 
these channels which ultimately determine the excitatory 
or inhibitory state of the neuronal membrane or even a 
part of it. It has even been possible to model these 
channels in vitro. These biochemical phenomena add to 
the ability of the neurons to vary their functional 
capabilities from moment to moment (Figure 3). 

Electrophysiologically the neurons are as a rule 
supposed to behave on the principle of the ‘all or none’ 
phenomenon i.e. the electrical potential generated 
should reach a certain threshold before it develops into a 
discharge. The potential so generated is maximal and is 
capable of propagation. However, this basic charac¬ 
teristic can be influenced by a variety of phenomena like 
the state of resting potential, refractoriness, facilitation, 
recruitment, excitatory or inhibitory inputs from other 
neurons in the circuit. The earlier simplistic view of 
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Figure 3. Diagram summarizing some of the biochemical 
mechanisms at a chemical synapse. AC, Adenylate cyclase; C, 
storage ~ Neurotransmitter storing vesicle; CAM II, calcium- 
calmodulin dependent protein kinase II; G, G protein; R, receptor. 
(Modified from Neurobiology, Gordon M. Shepherd 1958.) 

neuron has already been replaced by a more complex 
reality. It can no more be viewed as a simple logic gate. 
It is analogous to a complete computer chip. It possesses 
a remarkable morphological and physiological flexi¬ 
bility. The diversity of neurotransmitters, neuromodu¬ 
lators, the ion channels, second messenger systems all 
constitute the individual player in an orchestra using the 
neuronal membrane as the stage. We know a lot about 
the individual player, we still do not know enough about 
how they combine to produce the symphony of 
purposeful neuronal functions. It has been estimated that 
during each moment of daily life neural signals may be 
transmitted across any of approximately 100 trillion 
synapses. The repertoire at the command of the nervous 
system to regulate its own function is rich, but how these 
neuroregulatory systems are organized still remains to 
be explored. Thus in actual functioning even the 
simplest neuronal circuit possesses a dynamic property 
not amenable to easy modelling. It may be mentioned 
that interneuronal communication is not just a matter of 


one-to-one direct contact between the two neurons (i.e. 
monosynaptic) but generally a complex networking with 
intervening multiple relay systems, in other words, a 
multisynaptic system. An impulse generated in one 
neuron, during its propagation to the target neuron/organ 
can thus be subject to modifications at several levels. At 
each of these levels there may be feedback loops to 
further modulate the propagated impulse. It is well- 
established that the electro-chemical properties of a 
neuronal circuit could be influenced by frequent use or 
training or repeated stimulation (kindling), so as to 
enhance the ease of communication, make the discharge 
repetitive or even self-perpetuating (long term 
potentiation). This has great relevance in respect to 
mechanisms for memory on one hand and epilepsy on 
the other. 

Functional localization 

Notwithstanding all the complexities mentioned above, 
the miracle is that such a complicated network of 
neurons is ultimately able to subserve precise functions, 
and respond to the changing environment and execute 
complex voluntary acts virtually instantaneously. The 
concept of functional localization in the brain began 
with Broca’s identification of speech area in 1861. This 
was experimentally demonstrated in animals by Fritsch 
and Hitzig^ for the somatic motor function. Penfield’s 
studies of electrical stimulation of human cortex in 
conscious patients undergoing surgery for epilepsy 
under local analgesia elaborated this in great detail^ 
(Figure 4). 

Specific regions of the brain subserve various 
sensory-motor functions. There is somatotopic locali¬ 
zation of these functions in distinct areas of the cortex; 
representing different parts of the body, e.g. face, 
fingers, thumb, arm, trunk, leg. 



Figure 4. Functional areas of the cerebral cortex. Body parts shown 
represent the areas of the cortex responsible for motor and sensory 
functions. 
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The right half of the body is represented on the left 
side of the brain and vice versa. However, speech is 
generally localized in the left hemisphere in 98% of 
right-handed persons and approximately 60% of the left- 
handed persons. Largely because of the representation 
of speech in the left hemisphere it has come to be called 
the dominant hemisphere. However, it is now well 
established that the two hemispheres may be split into 
two largely independent cognitive systems, the left 
mainly subserving verbal and analytic processes and the 
right nonverbal, visuospatial, gestalt or holistic aspects. 
While we comprehend speech with the help of the left 
hemisphere, we appreciate music with the right. The 
visual, auditory and olfactory regions of the cortex are 
clearly defined. There are general indications of the 
parts of the brain involved in complex functions like 
sensoiy perception, information processing, memory, 
attention, learning, drive and emotion. The organization 
of these functional areas has been further elaborated to 
the level of individual columns of cells, and to 
individual cells within the column having a very specific 
repertoire of function, as has been demonstrated by 
Mountcastle^ and Hubei and Wiesel"^. Thus there are 
neurons in the cortex which are only activated when a 
particular profile, front or side, of a face is presented to 
the subject. It is no surprise then that it has been 
suggested that there may be ‘grandmother’ neurons, i.e. 
those neurons which respond only to the face of the 
grandmother! While the visual system has been the most 
intensely studied, information is gathering on the other 
systems as well. 

There are large parts of cortex, like most of the frontal 
and temporal cortices, which do not appear to subserve 
any specific topographically organized function. It has 
been called the ‘uncommitted cortex’ or ‘association 
area’ by some, while Penfield^ called parts of this as the 
‘interpretive cortex’. As a matter of fact the area of 
cortex in this category is much larger than that for which 
specific functions are known. 

We seem to know more and more about smaller and 
smaller units of the nervous system, it is amazing that 
we are still a long way from understanding the 
integrated function of the human brain. We continue to 
look for the seat of consciousness, which even defies 
definition. Cobb^ argued that ‘It is the integration itself, 
the relationship of one functioning part with another, 
which is mind and which causes the phenomenon of 
consciousness’. How, where and by whom this 
integration is carried out is as little understood today as 
40 years ago when this profound statement was made. 
Consciousness, no doubt, includes awareness, attention, 
cognition, discrimination, memory, responsiveness and 
volition, which can be quantified and measured. It also 
includes the inner-sensations, feelings, percepts, 
concepts, imagination, intuition, creativity which still 
defy objective study. Some of the most outstanding 
scientists of this century, like Sperry^, Schrodinger^, 
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Wigner^ Penfield^ Popper^®, Wald^\ Penrose^^ and 
Elliott^^, found it impossible to explain consciousness or 
mental function on the basis of the existing knowledge. 
There are, nevertheless optimists like Crick and Koch^"^ 
or Carla Shatz^^ who believe that all aspects of mind 
including its most puzzling attribute - consciousness or 
awareness - are likely to be explainable in a more 
materialistic way as the behaviour of large sets of 
interacting neurons. I have recently attempted to 
summarize some aspect of this vexed problem^^. 

Notwithstanding the voluminous information already 
available in respect of the structure and function of the 
brain, the debate continues whether the different regions 
function as independent units like the units in a parallel 
processing computer or as a holistic system. It has been 
postulated that brain maps arise when computations are 
distributed across multiple processors of a parallel 
computer. However, to date there are no general guiding 
principles for relating the structure of a brain map to the 
properties of the associated computation^^. Different 
regions or functional units of the brain utilize different 
computational strategies. Fundamental differences in the 
organization of digital computers and the brain make it 
difficult to translate ideas from parallel computing 
directly into a neural equivalent^^. In any case one does 
not know the precise mechanisms involved in infor¬ 
mation processing, storage, retrieval, analysis and 
integration, ultimately leading to cognitive function or 
voluntary behaviour. A number of models have been 
proposed by neurobiologists, behavioural and cognitive 
scientists. Likewise mathematical modellars, computer 
scientists, systems analysts, neural network, and 
artificial intelligence experts are attempting to develop 
models to mimic the human brain. 

Current approaches to study 

Studying simple systems like Caenorhabditis elegans or 
Drosophila for understanding the principles of neuro¬ 
genetics, or simple paradigms of behaviour like 
echolocation in bats, learning in bees or even simpler 
startle or righting response in still lower species in the 
hope of ultimately understanding the complex structure 
and function of the human brain, no doubt provides 
valuable data. Combining genetic approaches with 
single channel recording and techniques of molecular 
biology in Drosophila to understand organization of 
functions like smell or taste as is being carried out at 
Tata Institute of Fundamental Research, Bombay, are a 
good example of such studies. Others are attempting the 
study of cognitive functions in primates to elucidate 
some more complex functions like how primates 
perceive the world around them and store and later 
access information about it, how they plan and carry out 
actions upon the external environment, how they learn to 
modify behaviour in the light of past experience. 
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Answers to such questions cannot be found in the 
neurobiology of simple brains. 

Methods for directly visualizing living processes in 
real time in experimental animals using video-enhanced 
microscopy and voltage sensitive dyes are being utilized 
to answer some of these questions. Phenomenal 
advances have already been made in imaging tech¬ 
nologies which enable one to study higher mental 
functions in conscious, performing human beings 
utilizing PET or functional MRI scans. Areas of the 
brain participating in functions like reading simple 
alphabets or random words or sentences or nonsense 
script have been identified. Similarly, the region of the 
cortex involved in intention to move or actually 
voluntarily moving a part of the body are being 
delineated. Studies are underway on more complex 
intellectual functions. No doubt future technological 
advances would permit study of more complex 
behaviours. Optimists believe that the 20th century 
which has witnessed the unravelling of the atom and the 
gene may also see the mystery of mind resolved. 
Whether this dream is realized or not, it is true that the 
journey towards that end will be expedited by sharing of 
the expertise of diverse groups of scientists like those 
participating in this symposium. 
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Information is processed, focused and disseminated 
in the nervous system by neurons connected in serial 
and parallel pattern. These connections are either 
discrete or diffuse. Most of these neurons and their 
connections can be traced physically by various 
techniques using dyes, antibodies against neuronal 
chemicals radioisotopes and scanning. This has 
helped in reconstruction of the neural network and 
also to create computer programs of brain network 
for discrete functions and intelligence. 


Brain is the most complex of all the organs. To 
comprehend how the brain controls thinking, feeling, 
learning, memory and other functions, one has to under¬ 
stand the anatomy of the brain, or more scientifically 
termed, the central nervous system. 

Each function of the brain can be broken down into an 
enormous variety of activities. Each activity has 
different components and each component requires 
integration of a number of cells or neurons. This forms a 


unit or a module. Each module has a characteristic 
connection pattern consisting of the input, the output 
and the interconnecting neurons. Neuron forms the 
functional unit of the nervous system. It has a trophic 
centre, which is the cell body, with the nucleus and 
processes which extend short or long distances from the 
cell body. Processes make contact with other neurons or 
organs or tissues in the body for integrating and 
controlling functions. 

According to Brodal^ structural organization of the 
central nervous system exists in an orderly manner. 
Groups of neurons subserving a single function are 
organized at different hierarchical levels. Though each 
group subserves a special function in the broad sense, 
each neuron of the group has primarily a particular role. 
This is easily understood from the location in relation 
to other neurons in the same functional group and 
also in other related functional groups, connections 
and the chemicals synthesized for transmission of 
impulses. 
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Divisions of the central nervous system 

The central nervous system (CNS) consists of the spinal 
cord, medulla, pons, midbrain, diencephalon, basal 
ganglia, cerebral cortex and cerebellum (Figure 1). 

Spinal cord 

Spinal cord is the lowest part of the CNS housed in the 
vertebral canal and is tubular Jn shape. When traced 
upwards it merges with the medulla, which forms the 
lowest part of the brain located inside the skull. Spinal 
cord receives and transmits all the information to and 
fro between the body and the higher centres of the CNS. 
Information is passed along discretely arranged 
processes of the neurons, which form fibre tracts. Spinal 
cord contains the neurons which command the motor 
activities of the limbs and the trunk and also neurons 
which give rise to processes for transmitting most of the 
sensory modalities to the higher centres. 

Medulla, pons and midbrain 

These three regions of the CNS are collectively termed 
as the brain stem. This area too has similar functions as 
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the spinal cord and caters to the head, face and neck 
regions. In addition, there are other neuronal groups and 
fibre tracts which contribute and integrate other 
functions. 

Brain stem is occupied by a significantly large central 
core occupied by a reticulum of neuronal processes and 
cell bodies. Because of the structure, it is named 
reticular formation. Structurally, it is difficult to pin¬ 
point functional regions in the reticular formation unlike 
other parts of the brain. However, there is a definite 
orderliness in the input from the fibre tracts passing 
through the brain stem. The reticular formation has 
connections with the higher centres, conveying all the 
information at a slower pace from the lower centres. 

Diencephalon 

This part can be divided into thalamus and hypo¬ 
thalamus. Thalamus functions as a relay station for 
sensory input from the lower centres to the cerebral 
cortex and also for special senses like sight, hearing and 
taste. Further, thalamus acts as a nodal point for 
transmission of information from subcortical motor 
centres to the motor cortex. 

Hypothalamus integrates the activities of all the 
organs in the body which are not under voluntary 
control through descending connections. Hypothalamus 
also controls hormonal secretions of the various 
endocrine glands. 

Basal ganglia 

These are a group of nuclei (each nucleus is made up of 
a large number of neurons with similar functions) which 
are concerned with body movements. These nuclei have 
to-and-ffo connections with the cerebral cortex. 

Cerebral cortex 

This part of the CNS is maximally developed in the 
human. It is concerned with perceptual, cognitive and 
motor functions. Functional areas are demarcated by 
certain landmarks. Structurally, cortex is divided into 
lobes by well-defined grooves or sulci. Thus, we have 
frontal, parietal, occipital and temporal lobes. Frontal 
lobes control motor activity of the whole body, 
including that of the eyes and speech. Prefrontal cortex 
is a large area of the frontal lobe, the function of most of 
which is still under speculation. This is considered to be 
the decision-making area in the brain and receives input 
from all the other parts. Parietal lobe is concerned with 
sensory perception and association functions of general 
sensations. Occipital lobe is mainly concerned with 
perception of vision. Temporal lobe is for hearing and 
memory. Adjacent areas of temporal, occipital and 
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parietal lobes function as association area for vision, 
hearing and speech. Emotional or visceral brain is 
contributed by parts of the cerebral cortex, hypotha¬ 
lamus and also some other nuclear groups. 

Cerebellum 

This is also known as the small brain. In short, it means 
that all the information received by the lower and higher 
centres is also reaching the cerebellum. It is primarily 
concerned with regulation of posture, balance and 
coordination and velocity of movements. Cerebellum is 
considered to have a control on initiation of motor 
movements by the motor cortex. Special senses are also 
represented in the cerebellum. 

Special senses 

Special senses like vision, hearing, taste and smell have 
well-organized individual pathway from the peripheral 
receptor region to the cerebral cortex for their conscious 
perception. For example, visual pathway is responsible 
for identifying objects in space and tracking movements 
of objects in motion. Retinal neurons are individually 
programmed for shape, movement in space and basic 
colours. Neurons have serial and parallel connections to 
perform the functions effectively. Spatial representation 
of the visual field perceived by each eye is apparent 
throughout the visual pathway. There is a partial cross¬ 
over of the fibres at one point to facilitate binocular 
vision: The lateral geniculate body, a part of the 
diencephalon, forms an important relay station for the 
visual impulses. Fibres from the lateral geniculate body 
reach the occipital cortex, where the visual functions are 
processed. Each fibre ends on neurons in a specific 
region of the cortex. These neurons set up connections 
with adjacent neurons located in a vertical strip of the 
cortex. This segment of the cortex forms a column 
responsible for a particular function from a specific part 
of the retina. Thus, the cortex is divided into many such 
vertical strips. Coordinated activity of such columns in 
the visual cortex is responsible for the stereoptic and 
binocular vision. 


Neuron 

Neuron is the structural and functional unit of the 
nervous system. Each neuron, besides the cell body, has 
processes. One of the processes is the axon, which is 
slender and has uniform diameter. It also branches, at 
right angles. Other processes, the dendrites, may be 
single or multiple. These branch at acute or obtuse 
angles and taper towards the terminal part. Many of 
them have tiny projections, termed spines, which appear 
as thorns on the rose bush. Axon conveys information 
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Figure 2. Different neurons are drawn from Golgi-stained 
preparations. 


from one neuron to the other. The dendrites, on the 
other hand, receive information brought by the axons. 
There are multitudes of such axonal endings on a single 
neuron. Spines increase the surface area of a neuron and 
form contact points in addition to the somal and 
nonspinous surface of the dendrites. Neurons are of 
different sizes and shapes and the processes spread in 
predetermined directions designed for specific functions 
(Figure 2). 

The points of communication among neurons are 
specialized junctions and are termed as synapses. Here 
the cells are not in contact but are separated by a cleft. 
When message arrives at the axonal end of the synapse, 
there are intense molecular activities which help in 
releasing a neurotransmitter into the cleft between the 
releasing and the receiving ends. This ligand-receptor 
complex sparks off a volley of reactions to generate and 
propagate a fresh impulse to the next station (refer to the 
diagram in P. N. Tandon’s article). 

Connections 

In the CNS, interneuronal connections are serial or 
parallel. Information transmitted from the lower to the 
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higher centres through serial connections. Transmission 
of pain sensation from the body to the cortex can be 
taken as an example. Free nerve endings in the periphery 
transduce the pain sensation to electrical impulses. 
Fibres which carry pain sensation relay on certain 
neurons in the spinal cord or medulla through synapses, 
where chemical transmission takes place. These relay 
neurons get an input from the midbrain, which has a 
modulatory effect on pain. Fibres from these neurons 
cross over to the opposite side and form a discrete tract. 
This tract gives branches to the diffuse reticular 
formation in the brain stem. The reticular formation in 
turn sets up a slow alternate route for pain transmission 
to the cerebral cortex. The direct tract relays in the 
thalamus and thereafter reaches the sensory cortex, 
which is responsible for perceiving pain. The sensory 
cortex represents different parts of the body. Thus, the 
body representation for sensation is in a strip of the 
cortex in the parietal lobe (refer to the diagram showing 
body representation in the cortex in the article by 
P. N. Tandon). Each segment representing a part of the 
body is made up of small vertical columns of neurons, 
which receives the input from a tiny area of the 
periphery. Thus, one vertical column gets more or less 
one fibre carrying pain sensation. Such columns in the 
cerebral cortex are integrated together for perception of 
pain, its quality and nature and the location in the body^. 

Alternate pathway for pain through the reticular 
formation forms a parallel connection to the main path¬ 
way. This is concerned with behavioural modulations 
caused by pain. 

Thus, there are serial and parallel connections in the 
central nervous system. Each has a number of relay 
stations, at which modulation of the functional modality 
takes place. This modulatory process gets increasingly 
refined towards the final destination. For example, the 
quality of the pain and the precise site at which the pain 
is felt is perceived only at the cortical level. 

Sensations received from the body and from the 
outside world need to be stored for future reference and 
necessary action. Temporal lobe of the cerebral cortex is 
the memory area. From the temporal lobe past 
experiences are retrieved to integrate with recent ones to 
understand the implications and formulate future action. 
This function is reportedly undertaken by the prefrontal 
area of the frontal lobe. There is precise wiring between 
temporal cortex and prefrontal area to help in memory 
and decision-making functions. 

For execution of a motor function or movement, motor 
cortex needs input with information regarding the state 
of the muscle, position of the joints on which the 
muscles act and the status of the immediate environ¬ 
ment. Sensory cortex, which receives and perceives the 
necessary information, conveys it to motor cortex. Basal 
ganglia, which have a major role in the gross movements 
of the body, and the cerebellum, which regulates the 
balance of the body and head, velocity of movements 
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Figure 3. Diagram to show connections for motor activity. 


and coordination of the muscular activities, have also 
connections with the motor cortex. Motor cortex in turn 
controls the neurons in the lower centres which are 
directly involved with innervating the muscles and thus 
initiating the movements (Figure 3). 

Over and above the circuitry described so far between 
higher centres and lower centres, there are local circuits 
set up for reflex activity. Like other circuitry, there are 
input and output neurons and neurons interposed 
between them. This type of connections are seen at all 
levels. 

On gross examination brain appears bilaterally 
symmetrical. However, one half of the brain is dominant 
for specific functions. The left half of the cerebral 
cortex is dominant in right-handed persons and is also 
considered to be controlling the motor speech irres¬ 
pective of left- or right-handedness. In spite of the 
dominance, information is shared by both halves through 
fibre connections. 

Study of the structure of the nervous system 

It is not easy to perceive the structure of the brain by 
conventional methods. Naked-eye observation gives 
only the gross structure of the brain and not the compli¬ 
cated connections. Even with the sophisticated methods 
now available, it is difficult to demonstrate the entire 
structural pattern. Figure 4 represents a reconstruction 
of the structure of the CNS. 

With conventional staining techniques we can only 
perceive the cell bodies of the neurons and the 
supporting glial cells. Among the cell bodies are the 
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blood channels supplying nutrition needed for the 
continuous activity of the neurons. On using specialized 
staining techniques with silver salts, neurons can be 
fully impregnated so that the cell bodies along with the 
processes are fully visible. Golgi established this 
technique in the 19th century, which is still in vogue to 
demonstrate a neuron in its entirety. The size, shape and 
the dendritic tree and its branching pattern differ from 
neuron to neuron. Dendritic spread and the axonal 
trajectory determine the extent and type of connection of 
each neuron. 

During the early days connections in the nervous 
system were studied by transecting the fibres and 
localizing the neurons and their target by tracing the 
degenerative changes. This was not an easy task as it 
was time-consuming and the degenerative process was 
normally limited at the first synaptic junction. Visual 
system is the only exception. Thus, this method has only 
a limited application in studying connections in the 
nervous system. 

Now there are tracing techniques which demonstrate 
the precise wiring pattern of the neurons. Substances can 
be introduced into the target organ or in the fibres. 
These substances could be a protein or a fluorescent dye 
or a radiolabelled material which is normally utilized by 
the cell, for its metabolic activities. These can be 
localized by different methods in the cells and processes 
and at a few sites across the synapses, thus delineating 
the complete pathway. Electrophysiological recordings 


from identified neurons have helped in delineating the 
function of the neuron. Thus, pattern-driven neurons and 
movement-driven modules in the visual system have 
been established. It has been easier to study the visual 
system because of its accessibility at the periphery and 
comparatively simpler connections. 

Recently, neuronal connections and pathways have 
been studied in fomalin-fixed human brains obtained at 
autopsy with dyes which spread in the lipid moiety of 
the membranes. This has opened up the possibility to 
confirm and trace the tracts in human brain which so far 
have been extrapolated from experiments in lower 
mammals. 

Another way of studying ijeurons and their 
connectivity is by their chemical nature. Each neuron 
has its own specific neurotransmitter. More than one 
neurotransmitter can be encountered in one neuron. 
Often, some of these are peptides. These can function as 
transmitters at the synapses or as modulators for 
synaptic activity. Specific antibodies against these 
chemical components can be used to trace the cell 
bodies and processes. With different chromogens or 
fluorescent dyes, double labelling of a single neuron can 
be done to locate different connections. 

Detailed information on each of the identified 
components can be studied by electron microscope. 
Labelling with electron-dense substances like gold, 
silver or other chemicals can be used to study ultra¬ 
structure and chemical nature and thus the ^function of 
each component. 

All the above studies refer to observations in- two 
dimensions. Previously, reconstructiQn df two-dimens¬ 
ional observations was laboriously done for spatial 
spread and connections of the neurons. This process is 
made easy now by sophisticated programmes and 
computer facility. Dedicated programmes process serial 
images and store and reconstruct them, and provide 
accurate spread and connections of the neurons in three 
dimensions. New confocal microscope can scan and 
photograph very thick sections at different depths so that 
spatial orientation of the neurons and their processes is 
more accurately recorded than with the conventional 
method of collecting information from serial sections'^. 

In conclusion, brain is an organ with complicated and 
intricate wiring pattern. All the activities in the body are 
integrated and controlled by the brain through 
information input and command output. Structure of the 
brain can be unravelled to some extent by conventional 
and modern techniques. 
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Problems and prospects in neurochemistry 


P. S. Sastry 

Department of Biochemistry, Indian Institute of Science, Bangalore 560 012, India 


The importance of neurochemistry in understanding 
the functional basis of the nervous system was 
emphasized. Attention was drawn to the role of 
lipids, particularly the sphingolipids, whose 
metabolic abnormalities lead to ‘sphingolipidosis’ in 
the brain and to gangliosides, which show growth- 
promoting and neuritogenic properties. Several 
questions that remain to be answered in this area 
were enumerated. It was pointed out that neurons 
make a large number of proteins, an order of 
magnitude higher than other cells, and several of 
these are yet to be characterized and their functional 
significance established. Myelination and synapto- 
genesis are two fundamental processes in brain 
development. Although much is known about myelin 
lipids and proteins, it is not known what signals the 
glial cell receives to initiate myelin synthesis around 
the axon. In fact, the process of myelination provides 
an excellent system for studying membrane 
biogenesis and cell-cell interaction. Great strides 
were made in the understanding of neurotransmitter 
receptors and their function in synaptic trans¬ 
mission, but how neurons make synapses with other 
specific neurons in a preprogrammed manner is not 
known and requires immediate study. In this context, 
it was stressed that developmental neurobiology 
of the human brain could be most profitably done in 
India. The importance and complexity of signal 
transduction mechanisms in the brain was explained 
and many fundamental questions that remain to be 
answered were discussed. In conclusion, several 
other areas of contemporary research interest in the 
nervous system were mentioned and it was suggested 
that a ^National Committee for Brain Research’ be 
constituted to identify and intensify research 
programmes in this vital field. 


About four years ago, I was asked to review the past 
and present of neurochemical research activities in 
India. There I wrote: ‘All phenomena which characterize 
life processes should ultimately be amenable to explana¬ 
tion in chemical and physical terms. The functioning of 
the nervous system, the most challenging one among the 
biological phenomena, is no exception. Even higher 
functions of the brain such as thought and memory will 
have to be explained eventually in terms of the 
chemistry of the constituent molecules and their physical 
properties. Therefore, neurochemistry - the chemical 
approach to the study of the nervous system - would be 
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vital to our understanding of the nervous system\ Even 
‘consciousness’ is likely to have a molecular basis. 

The chemical exploration of the brain began at the 
turn of the century. The basic biochemical components 
of the nervous system are now identified and we can 
account for almost 100% of the mass of the neuron. It is 
unlikely that any new class of organic molecules 
peculiar to the nervous system will be discovered in 
future. This means that the special functions of the 
nervous system will have to be explained in terms of the 
molecules that are already known. Much has been 
discovered regarding the biochemistry of the brain. Its 
continuous dependence on the blood supply of glucose 
is now well known and the metabolic pathways of 
carbohydrates are also well established. Brain contains a 
very large amount of lipid and a bewildering variety of 
lipid components exist in it^. While no particular lipid 
component is characteristic of the nervous tissue, some 
lipids occur in large amounts in the brain. Their 
functional significance is unknown at present. The 
sphingolipids occur in high concentrations in the brain 
and their abnormal metabolism, usually due to the lack 
of a particular catabolic enzyme, leads to their 
accumulation specifically in the nervous tissue, causing 
a number of diseases, commonly known as ‘sphingo¬ 
lipidosis’, which result in severe mental retardation. 
Why should the accumulation of a single sphingolipid 
component lead to mental retardation? What role does it 
play in neural communication and eventually in thought 
and higher functions of the brain? 

Ethanolamine and choline plasmalogens are major 
phospholipid components in the nervous tissue and in 
muscle. Do they have any role in excitability of the 
membranes? Similar questions can be asked of many 
other lipids. Interestingly, gangliosides - another major 
group of lipids in the brain, have been implicated in 
cellular recognition as adjuncts at receptor sites and 
show growth-promoting and neuritogenic properties. 
Much remains to be discovered about the function of 
these complex lipids in the brain. By far, proteins are 
the most important molecules with an array of biological 
functions. It appears that gene expression is maximal in 
neurons among the various cells, i.e. species of mRNA 
that are found in neurons are about an order of 
magnitude higher than in other cells. This means that a 
very large number of proteins are made and most of 
these are yet to be identified. While several of them are 
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for house-keeping functions, undoubtedly there are 
many proteins specific to the nervous tissue. Their 
isolation, characterization and determination of func¬ 
tional significance remains a challenging task for the 
neurochemist. 

Myelination and synaptogenesis are two fundamental 
neurobiological processes on which the ultimate 
functional ability of the brain depends. In the last two 
decades, significant progress has been made in the 
molecular biology of myelin. We have established the 
biosynthesis of ethanolamine plasmalogens, the main 
phospholipid components of the myelin membrane, and 
in this context demonstrated for the first time the ability 
of the developing brain to synthesize long-chain 
alcohols which are precursors of these ether lipids. The 
enzymes for the biosynthesis of ether lipids as well as 
that of other myelin lipids such as sulfatides and 
cerebrosides increase enormously during the active 
period of myelination. In many of the myelin-deficient 
mice such as the quaking, Jimpy Shriverer mutants, 
myelin lipids are not synthesized at adequate rates. 
Excellent procedures for myelin isolation are now 
available which have helped in the isolation of myelin 
proteins and study of their synthesis. A great deal of 
information is now available on the structure of myelin 
proteins, their genes and the various gene products 
obtained by alternate splicing^. However, it is not known 
what signals the glial cell receives to initiate myelin 
synthesis around the axon. Our recent experiments have 
indicated that the Wolfgram protein may have a role in 
the initiation of myelin synthesis, but many important 
questions remain to be answered on myelination and on 
the causes of demyelination. In addition, we now know 
that several myelin proteins are post-translationally 
modified. They undergo phosphorylation, acetylation 
and acylation. What is the importance of these 
alterations in myelin function? For a long time myelin 
was believed to be an inert membrane merely acting as 
an insulating material around the axon, facilitating 
saltatory conduction. This view is no more true. A large 
number of enzymes which include some of the signal 
transduction pathways and some receptors have recently 
been found in myelin, necessitating a radically new look 
at myelin function. In fact, the process of myelination 
provides an excellent opportunity to understand 
membrane biogenesis, cell-cell interaction and many 
other fundamental phenomena. 

Crucial to the function of neural network is synapto¬ 
genesis and the events that occur at the synapse. In fact, 
this is one of the most active and promising areas of 
current research. Several neurotransmitters are now 
known, and their metabolism has been worked out. The 
mechanistic details of their release, re-uptake or 
degradation are also known. It is the variety of receptors 
with which neurotransmitters bind to elicit their action 
that is now attracting the attention of the neurochemist. 
For each neurotransmitter a set of distinct receptors 


have now been recognized and their molecular biology 
is beginning to be understood. Great strides have been 
made in the recent past in delineating the structure- 
activity relationship and in localizing them within the 
synaptic membrane. Simultaneously, similar information 
is also becoming available on ion channels such as the 
sodium channel of the neural membrane. The application 
of molecular biology techniques to this area is yielding 
valuable information. However, how neurons make 
synapses with other specific neurons in a seemingly 
preprogrammed manner is still unclear and this is an 
area that requires immediate attention. In this context, 
we observed a few years ago that much of the 
muscarinic cholinergic receptor ontogeny in the human 
brain occurs in the third trimester of foetal life. During 
this period the high affinity dopaminergic receptors also 
arise in the human brain. Such studies on human foetal 
brains are extremely important. In fact, developmental 
neurobiology of the human brain could be most 
profitably done in India as facilities such as foetal brain 
repositories have already been initiated. 

For some time it has been known that there are two 
main pathways for signal transduction, viz. the cyclic 
AMP pathway and the phosphatidyl inositol pathway. 
The latter is now recognized as more versatile and the 
recent advances made in this area are very fascinating 
and extremely complex. In this pathway, in addition to 
the receptor proteins, GTP-binding proteins (G 
proteins), phospholipase C, diglyceride kinase, protein 
kinase C and an intracellular receptor for inositol- 
triphosphate (IP3) participate. In the neural tissues, it 
has now been shown that in addition to IP3, a number of 
inositolpolyphosphates are generated depending upon 
the brain area and the neurotransmitter. However, so far, 
a receptor for only IP3 has been identified. What then is 
the role of all the other inositolpolyphosphates 
generated within the cell? How do they regulate the 
intracellular calcium level? There appear to be several G 
proteins - some of them are characteristic of specific 
areas of the brain. Similarly, several isoenzymes of 
phospholipase C, diglyceride kinase and protein kinase 
C have now been identified. They have a specific 
distribution within the nervous system. Recent studies 
on the structure of the IP3 receptor within the brain have 
shown that several isomeric proteins arise due to 
alternate splicing of a single gene and these show 
distinct differences in their binding properties with IP3 
and show characteristic distribution in various areas of 
the brain"^. Therefore, an enormous number of permuta¬ 
tions and combinations of the various elements of the 
phosphatidylinositol signal pathway is possible and the 
expression of a particular set in a given neuron would 
make it unique. This area continues to be an active area 
for further research. 

In conclusion, many other areas of contem¬ 
porary research interest may be mentioned. Some of 
these are: 
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1. Molecular biology of early response genes and 
transcriptional regulation of CNS development and 
function. 

2. Molecular determinants of neural regeneration. 

3. Cytokines: their relation to neurotrophic and neurite 
growth. 

4. Molecular ^signalling for cell growth. 

5. Role of protein tyrosine phosphorylation in neural 
tissues. 

6. Calcium dynamics and neural function. 

7. Molecular biology of myelin: the glial-neural 
relationship. 

8. Excitability - its regulation by eicosanoids and other 
lipid mediators. 

9. Monitoring cellular biochemistry in intact neuronal 
systems. 

10. Ageing of the brain. 


Unfortunately, the research effort in any of these areas 
in India is subcritical. There is no need to emphasize the 
importance of brain research. I wish to suggest that a 
‘National Committee for Brain Research’ be constituted 
to identify and encourage research programmes in this 
vital field. 
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X-Ray studies on the bilayer structure of 
trypsin-treated rat brain myelin 

S. Ramakumar^ *, M. A. Viswamitra^ ^ P. Maruthi Mohan^ and P. S. Sastry^ 

^Department of Physics, ^Department of Biochemistry, ^Jawaharlal Nehru Centre for Advanced Scientific Research, Indian Institute of Science, 
Bangalore 560 012, India 


Trypsin-treated rat brain myelin was subjected to 
biochemical and X-ray studies. Untreated myelin 
gave rise to a pattern of three rings with a funda¬ 
mental repeat period of 155 A consisting of two 
bilayers per repeat period, whereas myelin treated 
with trypsin showed a fundamental repeat period of 
75 A with one bilayer per repeat period. The 
integrated raw intensity of the /r = 4 reflection with 
respect to the A = 2 reflection is 0.38 for untreated 
myelin. The corresponding value reduced to 0.23, 
0.18, 0.17 for myelin treated with 5, 10, 40 units of 
trypsin per mg of myelin, respectively, for 30 min at 
30°C. The decrease in relative raw intensity of the 


higher-order reflection relative to the lower-order 
reflection is suggestive of a disordering of the 
phosphate groups upon trypsin treatment or an 
increased mosaicity of the membrane or a combination 
of both these effects. However, trypsin treatment 
does not lead to a complete breakdown of the 
membrane. The integrated intensity of the h-\ 
reflection, though weak, is above the measurable 
threshold for untreated myelin, whereas the corres¬ 
ponding intensity is below the measurable threshold 
for trypsin-treated myelin, indicating a possible asym¬ 
metric to symmetric transition of the myelin bilayer 
structure about its centre after trypsin treatment. 


Several studies have been made on the susceptibility of 
the proteins in the myelin membrane to various 
proteases since proteases are thought to be involved in 
the etiology of demyelinating diseases such as multiple 
sclerosis and experimental allergic encephalomyelitis 
causing disruption of the myelin structure. Supporting 
this contention, Cammer et al}'^ have demonstrated that 
neutral proteases secreted by macrophages degrade the 


*For correspondence. 


basic proteins in the myelin membrane. Myelin basic 
proteins were also shown to be markedly hydrolysed by 
endogeneous neutral proteases of the brain^, myelin"^* , 
serum^ and leukocytes^. Therefore, it would be of 
interest to study the effect of proteases on the bilayer 
structure of myelin. 

X-ray diffraction studies on a variety of myelinated 
nerves from both the peripheral nervous system (PNS) 
and the central nervous system (CNS) have been 
reported^. Similar studies on PNS myelin at 10 A 
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resolution^, at 7 A resolution'^ and on other myelin 
samples’’"’^ have also been carried out. X-ray 
diffraction studies on the effect of protease treatment on 
frog sciatic nerve myelin'"' indicated that the enzyme- 
digested membrane moves irreversibly into the 
separated state or into the condensed state or into a 
mixture of these two states. Electron microscopy'^ of 
trypsin-digested mice sciatic nerve myelin showed that 
the main dense line was split, making it difficult to 
distinguish between the intraperiod and interperiod 
lines. However, the microscope studies of Yu and 
Bungeon peripheral nerve myelin showed that enzyme 
treatment does not lead to a complete breakdown of 
myelin, though it damages the myelin sheath. Thus, most 
of the detailed X-ray and microscope studies were on 
PNS myelin and similar data on CNS myelin are rather 
meagre'^ despite the fact that CNS myelin is implicated 
in demyelinating diseases. We have carried out bio¬ 
chemical and small-angle X-ray scattering experiments 
in vitro on the effect of trypsin on the composition and 
structure of rat brain myelin; the results of this study are 
reported here. A preliminary account of this work has 
been presented in reference 18. 


WP^ 

WP-t 

PLP-> 

LBP^ 

SBP^ 



1 2 3 4 5 


Materials and methods 

Trypsin (TPCK-treated, 10,000 BAEE units/mg protein) 
was purchased from Sigma Chemical Company, USA. 
Nitrocellulose was obtained from Schleiser and SchuL, 
West Germany. 


Figure 1. SDS-Polyacrylamide gel electrophoresis (12%) analysis of 
myelin subjected to tryptic digestion. Lane 1, control (without 
trypsin); Lane 2-5, trypsin-digested samples (5, 10, 20 and 40 units 
of trypsin/mg of myelin, respectively). WP, Wolfgram protein; WP-t, 
product of WP degradation by trypsin; PLP, proteolipid protein; 
LBP, large basic protein; SBP, small basic protein. 


Preparation of myelin 

Rat brain myelin was prepared according to the method 
of Norton and Poduslo'^ and stored as lyophilized 
powder under desiccation at -20°C. In some experi- 
inents freshly prepared myelin was also used. 

Incubation of myelin with trypsin 

Myelin was subjected to controlled tryptic hydrolysis as 
described earlier^''. Briefly, lyophilized myelin (20 mg, 
i.e., 5 mg of myelin protein) was suspended by mild 
homogenization in 2 ml of 20 mM phosphate buffer, pH 
7.0, and incubated at 30°C for 30 min with the requisite 
amount of trypsin. After incubation, an aliquot (0.5 ml) 
was removed, delipidated, solubilized in the sample 
buffer containing 2% SDS, 50 mM Tris-HCl (pH 7.4), 
10% glycerol and 1% mercaptoethanol and subjected to 
SDS-polyacrylamide gel electrophoresis (12%) accord¬ 
ing to Laemmli^'. To the rest of the material, cold 
distilled water was added and centrifuged at 10,000 rpm 
in a Sorvall centrifuge using a SS-34 rotor for 5 min and 
the wet pellet was used for X-ray analysis. 
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X-ray diffraction 

The wet pellet was loaded into a 1 mm diameter thin- 
walled (1 mm) glass capillary tube along with a few 
drops of distilled water. Both the ends of the capillary 
were sealed with a low-melting-point sealing wax. Thus, 
it was ensured that all the samples are subject to 
diffraction under similar conditions of hydration. All the 
X-ray experiments were conducted at room temperature 
(25°C). 

Small-angle X-ray diffraction patterns were recorded 
using a Searle small-angle camera (Marconi, Avionics, 
England) equipped with Frank’s mirrors to focus the 
beam in both horizontal and vertical directions. The 
doubly focused beam was used for diffraction 
experiments, the other beams being eliminated using 
slits capable of moving in both the horizontal and 
vertical directions. 

The X-ray source used was a GX-18 rotating-anode 
X-ray generator operated at 30 kV, 30 mA, with a 
100 p.m focal cup in the point focus mode. The CuKa 
radiation was nickel-filtered before being incident on 
the focusing mirrors. The specimen-to-film distance was 
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maintained at 98 mm using a precalibrated set of 
spacers. Exposure times were typically of the order of 
30 h. Two circular X-ray films (A, B) were used per 
pack. A Carl Zeiss MD 100 microdensitometer was used 
for tracing the X-ray patterns. The repeat periods were 
measured to an';accuracy of 1%. The background 
scattering was subtracted from the patterns and the 
integrated intensities were estimated by measuring the 
area under the curves. The films (A, B) included per 
pack were scaled together to yield the final set of 
integrated intensities. The intensity range covered in the 
present X-ray experiments is 200 :1. 

Results and discussion 

SDS-PAGE analysis of myelin subjected to trypsin 
digestion 

Figure I shows the SDS electrophoresis pattern of 
myelin subjected to various concentrations of trypsin. It 
may be noted that there is a progressive degradation of 
myelin proteins with increased concentration of trypsin 
and that there was an almost complete digestion of 
myelin proteins with 40 units of trypsin per mg of 
myelin, in 30 min (Figure 1, lane 5). It may be noted 
further that (lanes 2-4) the basic proteins and the 
Wolfgram proteins were degraded more rapidly than 
proteolipid proteins. A new protein band (35 k, Wp-t) 
has arisen from Wolfgram protein as was reported 
earlier^®. 

To ensure that there was no further degradation of 
proteins during the 30 h exposure to X-rays used to 


obtain the X-ray diffraction pattern, the following 
experiment was done. Aliquots of myelin treated with 
various concentrations of trypsin as described above 
were analysed by SDS-electrophoresis immediately or 
after 30 h of storage at room temperature (25°C) without 
and with soya bean trypsin inhibitor (50 mg). These 
experiments indicated that no further degradation of 
proteins occurred after the initial incubation. 
Worthington et al. have found that the lamellar 
structure of myelin at 17 A resolution does not change 
due to mere incubation at 37°C for 6 h. 

X-ray diffraction analysis 

The X-ray photograph of the untreated myelin is shown 
in Figure 2. The background-subtracted densitometer 
tracings of the A films of untreated myelin and trypsin- 
treated myelin are shown in Figure 3. A comparison of 
the relative integrated intensities of the reflections from 
untreated and tryspin-treated myelins is made in Table 1. 

The diffraction pattern of hydrated untreated myelin 
consists of three orders of diffraction with a funda¬ 
mental repeat period of 155 A and with h indices of 1, 2 
and 4 (rings A, B and C with d spacings of 155 A, 
77.5 A and 38.8 A, respectively). The strongest 
reflection was from the order h = 2 (ring B) and the 
pattern is comparable to that obtained from rat optic 
nerve^ and other central nervous system myelin^. The 
intensity of the reflection corresponding to the A ring 
was below the observable threshold in all the trypsin- 
treated samples. The d spacings for the B and C rings 
were found to be 75 A and 37.5 A, respectively. 



Figure 2. Small-angle X-ray diffraction photograph of hydrated untreated myelin isolated 
from rat brain. The most intense ring corresponds tostd spacing of 77.5 A. The d spacings of 
the rings A, B and C correspond to 155 A, 77.5 A and 38.8 A, respectively. 
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Figure 3. Background-subtracted densitometric tracings of the X- 
ray diffraction patterns of myelin, a. Untreated myelin; A, c and d are 
myelin treated with 5, 10, 40 units of trypsin/mg myelin, respectively 
(h = 4k sin (9/A) (A"*). 


The d spacings for the reflections from trypsin-treatec 
myelin samples are consistently less than those from 
untreated myelin. From these data it appears that the 
155 A fundamental repeat period representing two 
bilayers is not present in trypsin-treated myelins and 
only the 75 A repeat period representing one bilayer is 
preserved. The repeat period for two bilayers in trypsin- 
treated myelin is 150 A. Apparently, the rat brain myelin 
moves into a condensed state upon trypsin treatment. 
According to Worthington et al}^^ PNS myelin mem¬ 
brane moves irreversibly into either the separated state 
or the condensed state or a mixture of these two states, 
the major difference between the two states being the 
width of the fluid layer between adjacent myelin layers. 

It may be seen from Table 1 that the integrated 
intensity of the C ring relative to the B ring, which is 
0.38 for untreated myelin, reduces to 0.23, 0.18, 0.17 
for myelin treated with 5, 10, 40 units of trypsin per mg 
of myelin, respectively. 

Small-angle X-ray diffraction studies of Wood et al?^ 
on trypsin-treated myelin did not show any change in the 
diffraction pattern. However, our studies on the small- 
angle X-ray diffraction of myelin treated with various 
quantities of trypsin showed reproducible changes in the 
diffraction pattern, such as a decrease in the funda¬ 
mental repeat period and in the relative intensity of the 
higher-order reflection (C ring) with respect to the 
lower-order reflection (B ring). A decrease in the inte- 
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Table 1. Comparison of the relative integrated raw intensities of 
rings A, B and C (Figure 2) of isolated rat brain myelin before 
and after trypsin treatment (I, untreated myelin; 11, III and IV are 
myelin treated with 5, 10, 40 units of trypsin uhits/mg myelin, 
respectively, as described in text) 



A 

B 

•C 

I 

0.04 

I.O 

0.38 

II 

* 

1.0 

0.23 

III 

* 

I.O . 

0.18 

IV 

* 

1.0 

0.17 


♦Indicates that the intensity of the A ring was below the 
measureable threshold for all the trypsin-treated myelin samples. 


grated intensity of the A ring below the measurable 
threshold for all trypsin-treated myelins was also noticed 
(Table 1) in the present experiment. 

It is remarkable that the multilayer structure of 
isolated rat brain myelin is preserved even after trypsin 
treatment. The presence of the multilayer structure is 
confirmed by X-ray diffraction experiments, which 
showed the occurrence of multilayer reflections that can 
be indexed on a lattice. This is in accordance with the 
observations of Yu and Bunge'^ and Peterson^^, whose 
electron microscope studies showed that the damage to 
PNS myelin sheath caused by trypsin does not lead to a 
complete breakdown of the membrane, Worthington et 
al}"^ have also recorded multilayer reflections from 
enzyme-treated frog sciatic nerve. The preservation of 
the multilayer structure could be due to the fact that the 
peptide fragments of myelin protein are still retained 
within the membrane and these prevent a complete 
breakdown of the membrane structure. 

It is of interest to compare the electron density 
profiles of untreated myelin with those of trypsin-treated 
myelin. Since the signs of reflections for rat brain 
myelin are not explicitly available, we have used the 
signs of reflections from rat optic nerve myelin, which is 
a CNS myelin of comparable fundamental repeat period 
(156 A, ref. 9). The signs of the first five structure 
amplitudes were found to be invariant for frog sciatic 
nerve, rat sciatic nerve and rat optic nerve^. The sign 
assignments agree with those of McIntosh and 
Worthington^^, i.e., -, + and-for the orders 1,2 
and 4 of untreated myelin (A, B and C rings). The sign + 
and - were assigned to the first two observed reflections 
of trypsin-treated myelins (B and C rings). 

The structure amplitudes (|F(/ 2 )|) were calculated 
from the integrated intensities I{K) using the formula^ 
The centrosymmetric Fourier trans¬ 
forms were calculated and were scaled with respect to 
each other by the following empirical procedure. In 
general, Pabsoiute = scale factor • (Aeiative + an additive 
constant), i.e., pabs + ^ (Aei + where p is the electron 
density. 

The electron density at the hydrocarbon chain may be 
assumed to be 0.27 ^/A^ in all the samples studied and 
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Angstroms 


Figure 4. Electron density profiles. The origin of the unit cell is 
located at the centre of the hydrocarbon region: a, untreated myelin; 
b, c and d are myelin treated with 5, 10, 40 units of trypsin/mg 
myelin, respectively. 

that at the interbilayer space to be 0.33 e/A^, These two 
conditions are sufficient to evaluate the constants K and 
a for any given sample. Even though this method does 
not provide a quantitative estimate of the electron 
densities, it enables at least a qualitative comparison of 
the electron density profiles from different samples. A 
similar method has been used by Murthy et 

The electron density profiles of the untreated myelin 
and those of trypsin-treated myelins are depicted in 
Figure 4. From a comparison of the profiles, it is clear 
that the electron density associated with the lipid phos¬ 
phate groups has decreased for all the trypsin-treated 
myelins relative to the untreated myelin. Independent of 
the electron density profiles, the decrease in relative 
intensity of the higher-order reflection (C ring) relative 
to the lower-order reflection (B ring) for trypsin-treated 
myelin may be looked upon as being due to an increased 
disorder or thermal vibrations of the phosphate groups, 
which are the main scatterers of X-rays in myelin. 
Alternatively, trypsin treatment induces an increased 
mosaicity of the membrane, without, however, leading 
to its complete breakdown. All these effects could also 
occur in combination. 

The absence of odd-ordered reflection (h= 1) (A ring) 
from trypsin-treated myelin suggests that CNS myelin, 
which is normally asymmetric, becomes symmetric upon 
enzyme treatment. This is in accordance with the obser¬ 
vation of Worthington et al}^ that PNS myelin (frog 
sciatic nerve myelin), which is normally asymmetric, 
becomes symmetric about its centre presumably because 
of a redistribution of protein components after treatment 
with trypsin or pronase. Such an asymmetric-to- 
symmetric transition of myelin membrane after enzyme 


treatment was supported by electron microscopic obser¬ 
vations also^^’ However, it must be noted that the 
conclusions regarding the asymmetric-to-symmetric 
transition in rat brain myelin have been arrived at on the 
basis of the lowest-order odd reflection. Higher-order 
odd reflections were not observed even in untreated rat 
brain myelin. 

Conclusions 

X-ray diffraction studies on rat brain myelin subjected 
to controlled trypsin digestion in vitro indicated the 
following: 

a) The fundamental repeat period of untreated rat 
brain myelin, which is 155 A with two bilayers per 
repeat period, changes to 75 A with one bilayer per 
repeat period. However, the enzyme treatment does not 
lead to a complete breakdown of the multilayer structure 
of the membrane. 

b) The ratio of the relative raw integrated intensity of 
the higher-order reflection (C ring) with respect to the 
lower-order reflection (B ring) decreases upon trypsin 
treatment. This might be due to an increased disorder of 
the phosphate group or an increased mosaicity of the 
membrane or a combination of these effects. 

c) Within the limits of accuracy available in the 
present experiment, rat brain myelin, which is normally 
asymmetric, becomes symmetric about its centre after 
treatment with trypsin. 

It may be speculated that similar changes might occur 
in myelin in vivo when it is acted upon by enzymes in 
multiple sclerosis or experimental allergic encephalo¬ 
myelitis. The structural and other alterations in myelin 
might affect its performance as an insulator and thereby 
impair the conduction of electrical signals in nerve 
fibres. 
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Significance of pharmacological study of 
neurotransmitter receptors in brain research 


B. N. Dhawan 

Central Drug Research Institute, Lucknow 226 001, India 


Studies of the various aspects of receptor structure 
and their modulation by pharmacological agents 
represent a major area of current thrust in 
neurosciences at the cellular and subcellular level as 
well as at the behavioural level. The pharma¬ 
cological criteria for receptor characterization have 
been used extensively not only to classify the 
receptors but also to understand the physio¬ 
logical roles of various neurotransmitters and help in 
the development of new drugs. The information 
obtained using procedures of molecular biology is 
complementary and a proper characterization of a 
receptor needs both types of information. 

The thrust area for neurotransmitter receptor 
research should include basic studies to obtain 
receptor in a pure form, techniques to solubilize 
them, mapping of neurotransmitter receptors in 
healthy and diseased brain and their interactions 
with drugs. Ligands need to be discovered for 
orphan receptors, and the suitability of using peri¬ 
pheral receptors in lymphocytes, platelets, etc., as 
well as invertebrate receptors as indicators of CNS 
receptors should receive top priority in research. 


The term receptor has been used by pharmacologists 
and physiologists for over a century, but the concept, the 
definition and the functions have undergone major 
changes during the last decade. There has been a 
tremendous growth in information about drug-receptor 
interactions and about receptor per se, and in 1987 the 
International Union of Pharmacological Sciences 
appointed a Committee to rationalize the nomenclature 


of receptors. The Committee has, in principle, accepted 
a broad-based operational definition of receptor. Briefly 
stated, a receptor must recognize a distinct chemical 
entity and translate this information into a form that the 
cell can read and alter its overt state by initiation of a 
biochemical process, by alteration in an ongoing bio¬ 
chemical process or by modulation of the action of an 
indigenous effector. This definition ascribes the function 
of both recognition and transduction to a receptor. 

Historical development of the receptor concept 

Waldeyer in 1891 coined the term neurone^ and Langley 
in 1909 further developing the concept of drug-receptor 
interaction, stated that drugs could form a dissociable 
complex with the receptor and that receptive substances 
(receptors) on cells had a clearly defined physiological 
function^. Around the same time, Hill^ analysed the 
action of nicotine and curare on frog skeletal muscle to 
provide evidence that drug action could be antagonized 
also by interaction at the receptor level. 

Most of the early studies, even though employing 
pharmacological agents, were qualitative. Clark"^’ ^ 
pioneered the concept of dose-response relationship and 
initiated a quantitative study of drug-receptor interac¬ 
tion. Schild^ further extended the quantitation to drug 
antagonism at receptors and used the negative log 
of molecular concentration of an antagonist (pAx), 
which would reduce the effect of multiple dose of an 
agonist to that of a single dose in the absence of the 
antagonist^. 
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Importance of receptor study in neurobiology 

Studies of the various aspects of receptor structure and 
function and their modulation by pharmacological 
agents constitute a major and vital part of the current 
thrust area in neuroscience research. This may be 
broadly divided into the following main areas. 

Molecular neurobiology 

The following research problems are covered under this 
subject: 

1. Assay of molecules associated with transmitter 
synthesis, storage, release and response, particularly for 
the rapidly expanding number of neuropeptides. 

2. Amino acid sequence of neurotransmitter recep¬ 
tors to distinguish ion channel receptors from signal 
transductors, to identify the sites of action of endo¬ 
genous ligands and to provide natural template for 
rational drug design. This is beyond the purview of the 
present discussion. 

3. Regulation of growth factors, initiating or prevent¬ 
ing repair and plasticity responses. 

Cellular neurobiology 

Cellular studies are vital for the understanding of 
neuronal interactions. At the interneuronal level, they 
will be involved in information processing involving 
transduction mechanisms. They are also important for 
analysing neuronal-glial interactions. 

Major attention has been paid to the vertebrate 
nervous system. It is now being realized that brain 
neural organization in the non-vertebrates is much 
simpler and the receptor studies are easier to conduct. 
Attention is also being paid to neurotransmitter recep¬ 
tors in pathogenic helminths like ascaris, filaria, etc. 

Behavioural research 

Receptor study has contributed significantly to the 
understanding of the integration of neurones, glia and 
vasculature into an ensemble for behavioural tasks. They 
are valuable for understanding the regulation of 
autonomic activities and immune functions by the 
central nervous system (CNS) and in elucidating the site 
and mechanism of drug action. 

Pharmacological criteria for receptor 
characterization 

The use of agonists and antagonists plays an important 
role in elucidating the receptor type and its function, the 
major emphasis being on the ability of antagonists to 
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prevent or reverse agonist-induced or physiological 
response. A major advantage in using antagonists is the 
utilization of in vitro assay procedure of the type 
developed by Gaddum^ or Schild^ or radioligand¬ 
binding assay^, but measurements must be made under 
equilibrium conditions and the regression should be 
linear with unit slope over a considerable concentration 
range'®. There can be several complicating factors, some 
of which are equally so in the use of agonists. The three 
major complicating factors are: 

(i) Receptors sufficiently precoupled to G-proteins 
and antagonists may interfere with receptor-coupling- 
protein interaction". 

(ii) The antagonist may bind to only one of the 
several binding domains for an agonist, each of which 
may be classified as a unique receptor. 

(iii) The agonist affinity may be modified by receptor 
environment due to flexibility of the receptor, specially 
if transduction occurs. 

The relative potency of several agonists in the same 
tissue can be used as a receptor fingerprint, but the 
picture may change if different tissues are involved and 
several agonists are used. The main complicating factors 
in such a situation are: 

(i) Intrinsic activity. Ariens'^ postulated that dose 
response depends on affinity as well as on intrinsic 
activity. According to this concept, a full agonist will 
have an intrinsic activity of 1, a complete antagonist will 
be devoid of intrinsic activity and a partial agonist will 
be in between. 

(ii) Spare receptors. Nickerson'^ showed that with 
lower concentrations of irreversible antagonists the 
dose-response curve shifted to the right but the maxima 
remained unchanged, whereas with very high concen¬ 
trations the maxima might not be achieved. This was 
explained on the basis of spare receptors. 

(iii) Transduction. In several cases agonist binding to 
the receptor may be non-cooperative'"', and the effect is 
transmitted to events regulating a response by a trans¬ 
ducer molecule'^, which may act either by a biochemi¬ 
cal mechanism, e.g. involving a second messenger, or 
by a conformational change, like opening of an ion 
channel. 

(iv) Stereochemical considerations have got to be 
constantly taken into account while using drugs for 
receptor analysis. The enantiomeric pairs are not only 
good probes for details of a cell surface, they also may 
help in discriminating between receptor subtypes. 

Some case studies 

During the last two decades, we have made extensive 
use of pharmacological agents to characterize CNS 
receptors. A few case studies are being presented here to 
bring out the advantages of such an approach. 
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The earliest study^^ on characterization of adreno¬ 
ceptors involved in facilitation of the flexor reflex using 
specific agonists, a- and b-adrenoceptor antagonists and 
partial agonists established the presence of a-adreno- 
ceptors. A battery of a- and b-agonists and antagonists 
was also employed to characterize similarly the adreno¬ 
ceptors involved in thermoregulation in rabbit, found to 
be a-adrenoceptors^^. In pigeon a-adrenoceptor stimu¬ 
lation produced hypothermia. Interestingly, dopamine 
effect was shown^^ to be mediated by two types of 
receptors, one blocked by haloperidol and the other by 
ergometrine. To demonstrate the physiological role of 
these neurotransmitters, the effect was studied in 
Mastomys natalensis at different ambient tempe¬ 
ratures^^. The involvement of dopamine receptor could 
also be demonstrated in hypothermic effect of 
amphetamine in the Mastomys^^. The involvement of 
adrenoceptors in central cardiovascular control has also 
been analysed. Employing techniques like microinjec¬ 
tions, topical application, effect on reflex and direct 
exactability of central vasomotor locii, central lesions 
and selective adrenoceptor antagonists or toxins like 6- 
hydroxydopamine, an excitatory role of a-adrenoceptors 
has been demonstrated at various sites^^‘^^. 

Studies were also initiated to utilize peripheral 
receptors for predicting the status of CNS receptors. 
Thus, platelet dopamine receptors were studied in 40 
cases of Parkinson’s disease. Two subpopulations of 
patients were detected, one with a significantly reduced 
number of receptors and the other with a much higher 
number. The patient of the second subgroup showed a 
good response to L-Dopa therapy and the binding 
returned to normal. Similarly, a poor response in the 
other group was associated with little change in 
dopamine binding^^. 

Lack of space precludes a discussion of other similar 
studies undertaken by us to characterize the receptors 
involved in stereotyped behaviour^^"^^ and in regulation 
of blood brain barrier^®, and to analyse the central 
hypotensive effect of clonidine^^’ 

Use of newer technologies for receptor 
characterization 

Several powerful technologies have become available 
during the last 10-15 years which can be utilized 
effectively for characterization of the CNS receptors. A 
detailed discussion is not possible but a listing of major 
useful technologies is given below: 

1, PET. Position emission tomography can be 
conveniently used to study the distribution of suitably 
labelled biologically active natural ligands and thereby 
help in quantitation and elucidation of biochemical 
characteristics of neurotransmitter receptors in the brain, 
including in the human brain. 
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Similar studies with labelled drugs will lead to a 
better understanding of the differences in receptor 
density and/or affinity between the responders and the 
non-responders and of more basic information about 
concentration versus receptor alterations in disease 
states. 

2. Magnetic imaging. Magnetic resonance imaging 
(MRI) gives better resolution than PET for mapping of 
receptors binding to specific drugs, e.g. benzo¬ 
diazepines. Neuromagnetic imaging (NMR) helps in 
study of changes in neural signals due to brain activities 
and their modification by drugs acting on specific 
receptors. The SQUIDs have been particularly useful. 
NMR and MRI can be judiciously combined for dual 
imaging. 

3. Computer modelling. This has been utilized 
extensively and for diverse purposes. It has helped in 
identification of pharmacophones and three-dimensional 
receptor structure and in analysing drug-receptor inter¬ 
actions. It has also been valuable in designing of rigid 
analogues and biosters of agonists and antagonists for a 
better understanding of the receptor conformation and 
function. 

Thrust areas for receptor research 

In 1988 the National Advisory Mental Health Council of 
NIMH submitted a report^^ to the US Congress listing 
50 important questions to be answered during the next 
decade (the decade of the brain). It is significant that 12 
of these are directly or indirectly related to studies on 
neurotransmitter receptors. The thrust areas for receptor 
research are: 

1. Basic studies, (i) Major effort is required to obtain 
receptors in a pure form and use techniques to solubilize 
them. This will help in identification and characteri¬ 
zation of the binding sites and in better understanding of 
the drug and neurotransmitter interactions with the 
receptor, (ii) A detailed receptor mapping for various 
neurotransmitters and neuromodulators in normal as 
well as diseased brain is important, (iii) The receptors 
involved in modulation of brain activity by neuro¬ 
peptides, hormones and microglial secretion need to be 
identified and characterized, and their interaction with 
the neurotransmitters/drugs studied. 

2. Physiological and pathological roles, specially in 
cotransmission, consolidation of memory and mental 
illnesses. 

3. Peripheral receptors e.g. in platelets, lymphocytes, 
etc., as indicators of central receptors as well as 
receptors in invertebrates. 

4. In vitro receptor interaction for development of 
new drugs, using a battery of neurotransmitter receptor 
assays. 

5. Orphan receptors. Identification of suitable natural 
ligands. 
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Concluding remarks 

The foregoing review indicates clearly that a judicious 
use of pharmacological agents can not only help 
rationally characterize the receptors but also contribute 
materially to elucidate the physiological role of the 
various neurotransmitters and receptor subtypes. Such 
studies are valuable in analysing drug action and in 
generating data for rational synthesis of more effective 
and selective drugs. A number of new powerful tools 
will complement these pharmacological studies to 
generate better and more expeditious information. 

The system of pharmacological characterization will 
continue to be important since it establishes the unique 
pharmacological profile based on response to specific 
agonists and antagonists. It also demonstrates the 
presence of an endogenous agonist and possible 
physiological effects of receptor stimulation using a 
variety of models, from conscious animals to in vitro 
preparations, as has been demonstrated clearly in the 
foregoing section. At the same time, in the last decade a 
vast amount of information has been obtained from the 
alternative method of molecular biology for the study of 
receptor structure by determining the amino acid 
sequence and cloning. This has resulted in identification 
of a very large number of receptor types and subtypes, 
many without even an identified ligand and, therefore, 
termed as orphan receptors. The physiological role of 
such receptors also remains obscure. A complete chara¬ 
cterization of receptor will need both types of infor¬ 
mation, since they are complementary to each other. 
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Clinical neurophysiology: Evolution and prospects 


M. Gourie-Devi 
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In the diagnostic armamentarium of neurological 
disorders, clinical neurophysiology has attained a 
critical role as it provides useful information on the 
functional integrity of the central and peripheral 
nervous system and localization of the lesion. With 
sophistication of instrumentation, major advances in 
electronics and computer technology have been 
translated into clinical application, facilitating a 
more precise understanding of the functional state of 
the nervous system. The noninvasive approach of 
many of the electrophysiological procedures, like 
electroencephalography, electromyography, nerve 
conduction and evoked potential studies, has made 
them acceptable in routine clinical practice for 
evaluating the functional status of brain, special 
sensory, motor and somatic sensory pathways, 
peripheral nerves, neuromuscular junction and 
muscle in various states of health and disease. In the 
recent years, for studying the central motor 
pathways, electrical stimulation has been replaced by 
magnetic stimulation. Another new development, still 
under evaluation, is magnetoencephalography, which 
recognizes a tangentially oriented electrical source 
and may become a complementary tool to the 
conventional electroencephalography. In the Indian 
context, there is an urgent need for a closer 
interaction of the scientists in the fields of basic 
physical sciences and neurosciences to foster mutual 
growth and promote new developments in clinical 
neurophysiology. 


Clinical neurophysiology, in the current practice of 
neurology, has become an invaluable tool for diagnosis, 
localization of the lesion in the neuraxis, monitoring of 
its functional status during drug therapy, intervention 
and neurosurgical procedures as well as determination 
of brain death crucial for transplant surgery. Better 
understanding of the physiology of the central and the 
peripheral nervous system has been possible because of 
concomitant developments in the fields of electronics 
and computers, leading to sophisticated instrumentation. 
Functional evaluation of muscle, neuromuscular 
junction, peripheral nerves (motor, sensory, autonomic), 
plexus, roots, spinal cord and cerebrum has now become 
a routine practice in clinical neurology using techniques 
of electromyography (EMG), nerve conduction, 
electroencephalography (EEG) and evoked potentials. In 
the recent years, attempts have been made to overcome 
the limitations of the traditional methods, which are 


chiefly, qualitative, by quantitative analysis of data. 
Recording of EEG at a distance (telemetry), electric and 
magnetic stimulation of the brain for determining central 
motor conduction, expert systems in EMG and magneto¬ 
electroencephalography are some new additions in the 
field of electrophysiology. 

History 

The emergence of clinical neurophysiology as a distinct 
discipline in the last 50 years owes its origin to the 
epoch-making researches of Galvani in 1791 when the 
first claims for intrinsic animal electricity were made as 
a culmination of years of experimentation. Nearly 80 
years later, in a landmark paper in 1875, Caton^ 
reported electrical currents of the brain in animals, thus 
laying the foundation of electroencephalography (EEG). 
His astute observation of the changes in cerebral 
potentials evoked by sensory stimulation is the concept 
basic to the current use of evoked potentials in clinical 
practice. At the turn of the century, Hans Berger 
confirmed the observations of Caton and further 
demonstrated similar electrical activity in human brain 
and hoped that it may be possible to learn the physical 
basis of consciousness. He introduced electro¬ 
encephalogram (EEG) as a diagnostic tool in clinical 
neurology. > 

Almost paralleling the development of EEG, 
Galvani’s famous experiments demonstrating twitching 
of frog legs and Du Bois-Reymond’s observation of 
electrical potentials from the surface of muscle on 
contraction in man laid * the foundation for 
electromyography (EMG). Development of induction 
coil by Du Bois-Reymonds sensitive enough to detect 
the changes in potential when an impulse passes along a 
nerve and the instrument designed by Helmholtz in 1850 
for measuring conduction velocity led to its practical 
application in the diagnosis of peripheral neuropathies. 

Electroencephalography 

EEG is a noninvasive method recording the space- and 
time-varying patterns of brain electrical activity by 
surface electrodes applied over the scalp. The activity 
thus recorded is of cortical origin, reflecting the 
extracellular current flow associated with excitatory and 
inhibitory postsynaptic potentials^’ ^ of chiefly the 
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pyramidal neurons, which are vertically oriented with a 
large apical dendrite projecting towards the surface of 
the brain. In the spherical model of the head, though the 
EEG sees the electrical sources in the brain oriented 
radially and located in the gyri as also the tangential 
dipole located in sulci, it is dominated by the radial 
source. The contribution from tangential source (from 
horizontally oriented cortical cells) is negligible"^. The 
rh 3 d:hmicity of cortical activity depends on the 
functional integrity of thalamic nuclei, which have an 
inherent rhythmic activity (facultative pacemaker 
theory) and which impose upon the cortex in a pattern 
determined by the specific thalamocortical projections 
from the relay and association nuclei^. This thalamic 
rhythmicity is under the influence of inputs from the 
brainstem^ and afferent spinal pathways^. Cortical spike 
is the abnormal waveform characteristic of epileptiform 
discharge and is associated with synchronous 
paroxysmal depolarizing burst followed by prolonged 
after-hyperpolarization resulting in a slow wave^. 

In clinical practice EEG is very useful in the 
investigation and management of epilepsy, coma, 
metabolic and infective disorders, in particular, herpes 
simplex, subacute sclerosing pan-encephalitis and 
localizing in structural lesions. It is also used in 
determination of cerebral death and is helpful in the 
study of sleep and its disorders. In the recent years EEG 
is being increasingly utilized for evaluation of the new 
born and premature infants. It has now become possible, 
with reasonable confidence, to assess the level of 
brain maturation by analysis of ontogenesis of electri¬ 
cal activity and correlate it with behavioural develop¬ 
ment^. 

In evaluation of intractable epilepsy long-term 
monitoring with video-EEG has been found to be a 
valuable asset in determining the need for neurosurgical 
intervention. Introduction of ambulatory cassette EEG 
and telemetric EEG has provided a means to study brain 
electrical activity under various physiological states and 
normal daily activities. 

Electromyography and nerve conduction 

The recording of electrical activity of muscles (electro¬ 
myography - EMG) provides a tool for determining the 
status of motor unit in health and disease states. In. 
combination with nerve conduction studies, EMG 
permits localization of the disease process to muscle, 
neuromuscular junction, peripheral nerve, plexus, roots 
and anterior horn cell. By the conventional technique of 
concentric needle EMG (CNEMG) 10-15 muscle fibres 
of a motor unit in a 1 mm radius can be evaluated. 
Analysis of muscle activity at rest, on weak and strong 
voluntary effort, along with analysis of the morphology 
of motor unit potential, provides evidence for either a 
primary lesion of muscle (myopathic process) or 
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secondary to disease of lower motor neuron and 
peripheral nerve (neurogenic process). The laborious 
manual process of characterizing the motor unit by the 
duration, amplitude, spike area, phases, and the number 
of satellites has now been replaced by quick automatic 
analysis. The frequency spectrum of action potential and 
the recruitment pattern have also been automated. 

Introduction of single-fibre EMG (SFEMG) using a 
needle with lead-off area of 25 jim has permitted the 
recording of electrical activity derived from a single 
muscle fibre and the area covered is about 300 jum 
radius. With SFEMG, muscle fibre density, a measure of 
the clustering of fibres within a motor unit, can be 
determined, which was not possible with CNEMG. Fibre 
density provides valuable information regarding reinner¬ 
vation of muscles^®. Using SFEMG technique, "jitter’ - 
as determined by the latency variability following 
repetitive nerve stimulation - provides a sensitive index 
of transmission defect at neuromuscular junction and 
also conduction defects of nerve and muscle^ \ 

The CNEMG and SFEMG do not reflect the electrical 
activity of an entire motor unit since the motor unit 
territory ranges from 5-10 mm and the radius of 
electrical activity recorded by these techniques is much 
smaller. Using a special needle, macro-EMG and 
averaging techniques, it is possible to extract the 
electrical activity from all muscle fibres belonging to 
one motor unit. The three techniques, concentric, single 
fibre and macro-electromyography, are complementary 
and provide comprehensive information about the motor 
unit. 

The physiological basis of nerve conduction is the 
generation of action potential following electrical 
stimulation. Essentially, there are two phases; the 
subthreshold event is the local current produced due to 
changes in transmembrane potential. When the 
depolarization reaches the threshold, an action potential 
occurs^^. This is an all or none response, a resultant of 
complex energy-dependent processes involving mole¬ 
cular changes of sodium and potassium channels which 
affect sodium and potassium conductance across the 
membrane. The predominant localization of sodium 
channels to the nodes of Ranvier and the distribution of 
potassium channels along the internodes has been 
delineated by voltage clamp experiments^^’ Motor and 
sensory functions of a peripheral nerve are assessed by 
nerve conduction studies and were first described for 
clinical use in 1948 to 1949 (refs. 15, 16). Electrical 
stimulation of nerve initiates an impulse, the conduction 
characteristics being dependent on the integrity of the 
nerve and determined by analysing evoked response 
elicited from the muscle which it innervates for motor 
conduction and the nerve itself for sensory conduction 
studies. Detection of signals within the expected noise 
level of the system, which was not possible by 
conventional techniques of photographic superimposi- 
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tion, has now been achieved by digital averaging. Any 
peripheral nerve accessible for electrical stimulation can 
be examined and be stimulated at multiple sites along its 
course to determine focal lesions due to compressive or 
demyelinating pathology. The choice of nerves for 
conduction studies is dictated by the clinical condition. 
In leprosy, sensory conduction of the greater auricular 
nerve and dorsal cutaneous branch of the ulnar nerve 
were found to be particularly useful and provided 
evidence of nerve dysfunctionIn Guillain-Barre 
syndrome, phrenic nerve conduction time was found to 
be a more sensitive parameter than vital capacity or 
median nerve motor conduction velocity in assessing the 
severity of the disease and predicting impending 
ventilatory failure^®. 

The parameters derived from conventional nerve 
conduction studies do not reflect faithfully the early 
abnormality of the excitability cycle of the axon since a 
diseased nerve may conduct at normal velocity but not 
at normal frequency^^ Refractory period assessment has 
been demonstrated to be a sensitive parameter for study 
of axon excitability^^. FoHowing the initiation and 
propagation of a nerve impulse, the nerve is inexcitable 
to a second impulse for a period of time which is termed 
as the refractory period. The techniques of assessment 
of the refractory period have found clinical application 
in the study of peripheral neuropathy^^’ 

Evoked potentials 

In addition to spontaneous electrical activity of the brain 
(EEG), potentials can be evoked in specific regions of 
the brain by sensory stimuli such as visual, auditory and 
somatic stimuli. The technique of recording evoked 
potentials allows assessment of the function of less 
accessible regions of the brain and in case of 
somatosensory evoked potentials the proximal portion of 
the peripheral nerve can also be studied^^’ A special 
application of this technique is in monitoring of evoked 
potentials during neurosurgical procedures so as to 
avoid or minimize the damage to the nervous system. 
Brainstem auditory evoked response studies, in addition 
to EEG, are useful for evaluation of coma and brain 
death. The evoked potential occurs at short latency after 
the stimulus and is very brief, necessitating rapid 
acquisition and storage and also requires averaging 
technique to improve the signal-to-noise ratio. 

Somatosensory evoked potential studies provided 
information of the afferent pathway and till recently 
there were no techniques available to examine the 
integrity of central motor pathways and the proximal 
segments of peripheral motor pathways. Electrical or 
magnetic stimuli applied to the intact surface of the 
scalp, spinal cord and lumbosacral enlargement have 
been shown to evoke a compound muscle action 
potential from the hand or leg muscles^^’^^. Since 


discomfort is experienced with electrical stimulation, 
magnetic stimulation is now preferred. The central 
motor conduction time can be determined by subtracting 
the peripheral latency from the total conduction time, 
which is the latency to the scalp evoked muscle action 
potential. Motor evoked potential studies have been 
found useful in the diagnosis of multiple sclerosis, 
cerebral infarct, degenerative disorders and spinal cord 
compression. 

Computers in EEG and evoked potentials 

Analysis of EEG and evoked potentials using computers 
is now slowly replacing the traditional methods of visual 
interpretation, which is often qualitative and subjective. 
Digitizing the continuous analog EEG signal, spectral 
analysis, signal averaging, identification of transient 
activity such as spike, minimizing and rejecting artefacts 
have increased the precision in analysis and correlation 
of time with events and in following the time course of 
different components of the signal. Frequency domain 
analysis, sequential and three-dimensional mapping with 
topographic display of several EEG channels allows a 
better understanding of the spatial relationship. 
Computers have also replaced the tedious and expensive 
traditional long-term monitoring of EEG in epilepsy or 
automatic sleep staging. 

Magnetoencephalography 

Magnetoencephalography (MEG), a noninvasive tool, is 
a new addition to the armamentarium of neuro¬ 
physiological techniques, but its clinical application is 
yet to be proved^®. The electrical currents produced 
from the brain also produce a magnetic field, termed as 
‘neuromagnetic field’ and recording this has been used 
to determine the location of activity in terms of dipole^^ 
Although, superficially, MEG resembles EEG, it 
provides different information about the electrical 
activity from the EEG and is, therefore, complementary 
to EEG"^. MEG recognizes electrical sources oriented 
tangentially unlike EEG, which sees both radial and 
tangential sources, preferentially the former ones. The 
cost of MEG at present is prohibitive and requires a 
magnetically shielded room-. MEG and MEG-EEG 
combination have a future for accurate dipole 
localization of epileptogenic area and need to be 
compared with intracranial recordings. 

Status iu India 

It is heartening to note from the recent exhaustive 
review of the status of clinical neurophysiology in India 
that most of the tecfiniques discussed in the present 
paper are being routinely used in clinical neurological 
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practice in the country^^. What seems to be lacking is a 
close interaction of scientists in the fields of electronics, 
computers and allied disciplines with clinical neuro¬ 
scientists, which is crucial for the emergence of new 
developments in the field of clinical neurophysiology. 
Mechanisms need to be evolved to promote and foster 
such interactions in the country. 
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Nuclear magnetic resonance: Molecules, cells 
and animals 
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Since its discovery in 1945, nuclear magnetic 
resonance (NMR) has developed into one of the most 
important techniques utilized in almost all branches 
of science. In the field of life sciences itself, NMR 
applications cover problems at almost all levels: 
structure and function of biological molecules, 
cellular metabolism, morphology and chemistry of 
intact organs such as brain, heart and liver, micro¬ 
scopy of tissues, and as a diagnostic tool in medicine. 
I propose to give some information on the current 
status of the developments in diverse areas of bio¬ 
logical NMR, with particular attention to interests of 


neuroscientists. The future trends in biological NMR 
will also be presented. For those interested in details, 
several general references have been appended. 


What is NMR, MRI and MRS? 

The principle of NMR is based on the fact that nuclei 
having non-zero spins I (e.g. and which 

have /= 1/2) act like tiny magnets with magnetic 
moments (jif) and have nondegenerate energy states in 
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an external magnetic field {Bq), For example, for spin 
1/2 system, there are two states corresponding to the 
nuclear magnets aligned parallel and antiparallel to the 
magnetic field and characterized by mi — Ml or —1/2. 
The energy difference between the two states (A£) is 
given by the relation 

AE = IflnBn. 

The resonance frequency v, which is related to AE by 
V = AE/h, is therefore given by 

v=2fj^Jh. ( 1 ) 

Equation (1) implies that the resonance frequency is 
proportional to the magnetic field at the site of the 
nucleus (j^n) and to the nuclear magnetic moment (^), 
and is, therefore, different for different nuclei. Typical 
magnetic fields used in NMR experiments range 
between 1 and 17 T. At IT, the resonance frequencies 
of ’H, and ^‘P are 42.9, 10.9 and 17.2 MHz, 
respectively. The resonance frequencies thus lie in the 
radiofrequency (rf) range. NMR experiments are 
usually performed by placing the subject under 
investigation in a magnetic and a radiofrequency field, 
and placing a detector coil such that the three are in 
orthogonal directions. When the frequency (v) of the rf 
field satisfies equation (1), resonance absorption of 
energy by the ensemble of nuclear spins takes place, 
which, in turn, induces a current in the pick-up coil of 
the detector system. 

The second important feature of NMR arises from the 
fact that the samples of interest are not the nuclei 
themselves but nuclei embedded in molecules. In view 
of the magnetic fields produced by the electrons, the 
magnetic field at the site of the nucleus (Rn) differs 
somewhat from the applied magnetic field (Bq). One 
such difference arises from the direct screening of the 
magnetic fields by the electronic cloud surrounding the 
nucleus (oi,): 

B, = Boil-<Jn) (2) 

Equation (2) gives rise to the phenomenon of 
chemical shifts. For example, for ethyl alcohol, one 
observes three lines in the spectrum since the 
screening constants (<Jn) corresponding to the CH3, CH2 
and OH protons are slightly different. The order of 
magnitude of chemical shift (AcTn) is 10“^ for and 
and 10"^ for The chemical shifts are, therefore, 
often expressed in parts per million (ppm). The total 
spectral width for ^HNMR is about 10 ppm, about 
20 ppm for and around 200 ppm for In terms of 
frequencies, however, the signals of chemically distinct 
nuclei are separated by Act * Bq and the ranges of 
spectral windows cover a few kHz. 

The next point of interest is the signal intensity. Since 
during the NMR experiments we excite the ensemble of 
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nuclear spins from the ground to the excited state, the 
intensity depend on the population difference of nuclear 
spins between the two states (/w/= 1/2 and iW/ = -l/2), 
which, in turn is given by 

/«+ = expi-AE/RT ) « /RT, (3) 

The signal intensity is proportional to «+ - «_, and since 
AE is very small, this difference is only of the order of 
10“^. Thus, by its very nature, NMR is not a very 
sensitive technique. It is obvious from equation (3) that 
sensitivity will be better if higher magnetic fields are 
used. At a constant magnetic field, the signal intensity is 
proportional to the total number of spins («+ + «_). For 
example, in the case of ethyl alcohol the three signals 
mentioned above are in the ratio of 3 :2 : 1. 

Finally, we talk of relaxation of nuclear spins. Once 
the system is excited, the nuclear spins transfer their 
energy to the surroundings in a complicated manner and 
return to thermal equilibrium as defined by equation (3). 
The relaxation behaviour of nuclear spins depends on a 
number of factors, one of which is the molecular motion. 

While there are a number of other factors which are of 
interest to NMR physicists, the above four are of 
paramount interest from the viewpoint of biologists. A 
word about terminology. Chemists generally use the 
term NMR to distinguish this phenomenon from other 
techniques in magnetic resonance such as ESR, NQR, 
etc. Unfortunately, the biomedical community has 
dropped ‘nuclear’ and one talks of magnetic resonance 
imaging (MRI) and magnetic resonance spectroscopy 
(MRS). The three abbreviations are, at best, dialects of 
the same basic language. 

Problems in NMR studies of biological systems 

The co-discoverer of NMR, Felix Bloch had observed 
proton NMR signal from his finger when it was inserted 
in the NMR probe. Thus, in a way the study of living 
systems by NMR is as old as the field of NMR itself. 
However, it took almost three decades for NMR to 
become an indispensable tool in life sciences. Even in 
the early seventies, when we were making a case for the 
purchase of an NMR instrument at TIFR for bio- 
molecular studies, some of the professional molecular 
biologists felt that NMR could never become a tool for 
studies in life sciences. What were the reasons for this 
pessimism, and how have these problems been 
surmounted? 

The entire development of NMR is related to 
advancement in sensitivity. In the early sixties it was 
usual for chemists to work with neat liquids or solutions 
of concentrations in molar (M) ranges. Obviously, it is 
difficult to obtain such large quantities of biological 
materials. Due to the development of a new technique in 
NMR, called the Fourier transform (or FT, for which 
Richard Erast was awarded the 1991 Nobel prize), 
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coupled with better magnet technologies, and the use of 
higher magnetic fields and better electronics, millimolar 
(mM) concentrations of samples can be used today 
without any difficulty. This means that mg quantities of 
proteins and nucleic acids are sufficient for NMR work. 
Further, several molecules are present in living systems 
in mM concentrations and these can now be detected 
using in vivo NMR. 

The next problem is related to resolution. In any 
biological macromolecule, there are thousands of 
protons all resonating in a small spectral window of 
10 ppm. The problem is further complicated by the fact 
that the line widths in biological systems are usually 
larger than those in organic molecules in biochemical 
problems. The problem of resolution has been countered 
through the use of very high magnetic fields. Here we 
make use of the greater dispersion of signals at higher 
fields. For example, the 10 ppm spread of 
frequencies is equivalent to about 430 Hz at IT but 
4300 Hz at 10 T. Another major development is the 
emergence of what is called multidimensional FT NMR. 
Using such techniques, the spectral information is 
spread in two or three dimensions of spectral space. 
Such techniques also provide valuable information on 
structural parameters. 

The third problem relates to the assignment of spectral 
peaks to specific nuclei in the system. This problem is 
also manageable today, thanks to the new developments 
in multidimensional NMR and the ease with which 
biomolecules can be labelled with and using 
gene cloning and microbiological techniques. 

Finally, we have the problem of undesirable signals. 
The milieu of biology is water. Thus, signals arising 
fi-om mM concentrations of biological molecules have to 
be viewed against the background of huge water signal 
(about 110 M, since water has two identical protons). In 
living systems, another undesirable signal is that arising 
from the CH 2 groups of fatty acids present in different 
forms. Today, solvent suppression techniques have been 
developed which are able to eliminate undesirable 
signals so that problems of interest can be studied 
conveniently. 

Structure aud dynamics of biological 
macromolecules 

One of the most fruitful areas of NMR continues to be 
molecular structure, dynamics and function. The 
problems of sensitivity, resolution and assignments have 
been largely resolved through the use of recently 
developed two- and three-dimensional FT NMR. 
Proteins, nucleic acids and other biomolecules up to 
molecular weights of 15 kD can be conveniently handled 
with 5-10 mg of pure material. The basic structural 
parameters obtained from NMR studies are the chemical 
shifts, coupling constants (which are related to the 
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torsional angles) and the nuclear Overhauser effect 
(which provides information on interatomic distances). 
Computer algorithms are available to transform this 
information (often with the help of distance geometry 
algorithms, molecular dynamics simulations or energy 
minimization techniques) into three-dimensional 
structure of the molecule. Thus, there exists a possibility 
for neuroscientists to use NMR for structural deter¬ 
mination of neurotransmitters, neural receptors and their 
interactions. Since both NMR and X-ray crystallography 
are used for the purpose of structure determination, 
some comparative points may be mentioned. NMR 
provides structure in aqueous solutions, the milieu of 
biological systems. Parameters such as pH, ionic 
strength, substrate concentration, etc., can be easily 
adjusted. The structure is, therefore, not affected by 
environmental forces. X-ray diffraction is used in solid 
state, where the molecules are constrained by crystal 
forces. One of the rate-determining steps in X-ray 
crystallography is the availability of suitable crystals. In 
NMR, once a suitable amount of the pure material is 
available, work can start without further delays. Solution 
conformations are generally found to be more flexible 
than the crystal structures. On the other hand, in terms 
of the size of molecule, the limits for X-rays is much 
higher. Also, NMR builds up the structure from local 
conformations while X-ray looks at it from a global 
angle and generally provides more precise information. 

Good facilities are available for biomolecuiar NMR 
both at TIFR, Bombay, and IISc, Bangalore. In this 
field, our country has done as well as any other reputed 
laboratory in the world. 

Cellular NMR 

Cells derive their energy by oxidation of fuels such as 
sugars, fats and amino acids. In the process of 
glycolysis, the end product is lactate. Under aerobic 
conditions, the final products are CO 2 and water. The 
energy generated in these processes is used in the 
synthesis of ATP from ADP and in the production of 
phosphocreatine (PCr). Thus, ^^P NMR can be used to 
detect levels of ADP, ATP, PCr, etc., and hence also the 
metabolic activities of the cells. The position of 
inorganic phosphate peak provides a convenient handle 
in the measurement of cellular pH. Use of NMR 
using ^^C-labelled glucose has provided valuable 
information on products of cell metabolism. Finally, 
water-suppressed ^H NMR can provide information on 
metabolic levels of lactate, precursors of lipid and 
protein synthesis, and certain neurotransmitters. Cellular 
NMR can thus provide information on the chemistry of 
neuronal cells as influenced by a variety of conditions: 
malignancy, presence or absence of oxygen, pH, 
blockers of metabolic pathways, drugs and effect of 
toxic compounds. 
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In India, work on different cellular systems is going 
on at TIFR, Bombay, and CDRI, Lucknow. Since this is 
an active area of research globally, our success depends 
on the choice of unique cell lines and asking questions 
not addressed earlier. 

Magnetic resonance imaging (MRI) 

In 1973, a new technique, commonly known as MRI, 
was proposed by Lauterbur. Here one looks at a single 
strong resonance signal, often that due to in water. 
Thus, the problems of sensitivity, resolution and 
assignment do not arise. The spatial resolution of water 
present in different parts of a body (e.g. brain) can be 
achieved by placing it in a magnetic field, the strength 
of which is varied in a predetermined way in different 
parts of the body. The resonance of water, therefore, 
occurs at different frequencies [equation (1)]. If water in 
different regions has different characteristics (as 
reflected, for example, in relaxation rates) then such 
properties can be utilized to obtain an image of the 
body. NMR imaging techniques have revolutionalized 
biomedical research as well as diagnostics. Unlike the 
techniques of CT and PET scans, NMR methods do not 
use ionizing radiations or chemicals injurious to health. 
Using NMR, pictures of brain can be obtained from any 
desired direction (e.g. saggital, transverse, axial or 
coronal). In the past few years, the contrast of such 
images has improved significantly. NMR is particularly 
suited for viewing soft tissues (c.f. from CT scan, which 
is better for skeleton regions), and for distinguishing 
between grey and white matter in the brain. The NMR 
imaging technique is now well established as a diagnos¬ 
tic tool in neurosurgery, complex fractures, arthritis, 
cardiovascular diseases, malignancy, ischaemia, infarc¬ 
tion and a variety of other clinical disorders. MRI makes 
it possible to monitor the efficacy of novel drugs and 
their toxicology and is thus an important tool in drug 
development. 

The equipment for such techniques is now available in 
all major cities in India. In addition to clinical work, 
such facilities have also been utilized in biomedical 
research. 

Magnetic resonance spectroscopy (MRS) 

It is now possible to obtain spectroscopic pictures of 
organs such as brain. It is desirable not to have spectra 
from the entire brain, which may not be very useful, but 
use small selected volumes. Localized spectroscopy 
allows volumes of interest as small as 1 cm^ to be 
selected to obtain and spectra from such regions. 
Using NMR, one can obtain estimates of ATP, ADP, 
PCr and pH of such selected areas. Using water- 
suppressed localized ^H NMR, molecules such as 
lactate, alanine, iY-acetyl aspartate (NAA), glutamate, 
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glutamine, aspartate, y-amino butyric acid, creatine, 
phosphocreatine, phosphatidylcholine and inositol 
phosphates can be studied using spectral accumulation 
times of a few minutes. Even though the precise role of 
NAA (the most abundant biochemical in the central 
nervous system) is not known, it is generally agreed that 
its level is related to the density of healthy neurons. On 
the other hand, a normal brain contains a very small 
amount of lactate and a strong lactate signal generally 
indicates disturbed metabolism. Phosphomonoesters 
(PME) signal is prominent in situations where cells 
divide fast, e.g. the brain of growing babies or in case of 
malignancies. Thus, MRS is now advanced enough to 
allow a study of the chemistry of the brain in healthy 
and diseased states. A further development is the 
technique of chemical shift imaging, whereby water 
images can be supplemented with images corresponding 
to ATP, ADP, lactate, NAA, choline, PCr, etc. 

MRS is perhaps one of the most promising areas for 
future research. Unlike PET, NMR provides complete 
information on the chemistry of the brain, not just 
changes in glucose levels during metabolism. Unfor¬ 
tunately, we still have to develop strong activities in this 
area in our country. 

NMR microscopy 

A technique which seems to have a future is the 
microscopy of tissues using NMR. Such techniques may 
prove useful in studying myelin morphology, nerve 
endings and related problems. Typically, samples of 
0.01 mm^ can be studied by NMR microscopy. How¬ 
ever, the resolution in NMR microscopy has not 
developed as fast as was expected a few years back, 
mainly because of the problem of sensitivity. At the 
same time, new techniques such as confocal Raman 
microscopy, use of fluorescent probes, tunelling electron 
microscopy, low-angle X-rays and others provide a 
better resolution. 

Future trends 

New multidimensional NMR techniques coupled with 
the ability to produce large quantities of and 
labelled proteins through genetic methods has brought 
biomolecular and cellular NMR to a stage where it has 
become a technique of choice. Magnetic fields as high 
as 17 T are commercially available for such studies and 
higher-field spectrometers are under development. 

The future directions in human and animal NMR will 
be closely linked to further advances in sensitivity. One 
of the ways in which this can be achieved is, of course, 
through the use of better electronics and higher 
magnetic fields so that smaller localized volumes can be 
used and better dispersion in spectroscopy can be 
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obtained. However, this raises the question of safety, 
particularly, while dealing with humans. As far as MRJ 
is concerned, the use of fields beyond 2 T are anyway 
not very useful as water relaxation times tend to flatten 
out at higher fields and the contrast is thus lost. 
However, magnetic fields as high as 4 T are being used 
for animals and humans in MRS. At these high fields, 
subjects feel discomfort and nausea (possibly due to 
eddy currents from field gradient coils), but, otherwise, 
there are no clinical symptoms. A more serious problem, 
however, is the heating due to the use of high rf powers. 
Fat is a good absorber of rf radiation and the use of 
high powers can bum the tissues. The decision of 
doing imaging at 2 T and spectroscopy at 4 T is also 
influenced by the costs of having two different 
machines. 

Quantitative estimation of metabolites from the NMR 
intensities poses certain problems in in vivo studies. 
Better spectral editing techniques are being developed 
to overcome such difficulties. 

Attempts are being made to develop fast images. This 
problem is particularly important when one wants to 
obtain dynamic images of moving organs, such as the 
heart, so as to obtain a time profile. Time resolution of 
about 100 ms can be obtained at present. 

Recently, NMR imaging has been extended to other 
nuclei such as and The former is useful in 

studies of molecular pharmacology of fluorinated drugs. 
The use of ^a NMR monitors alteration in regional 
Na contents and pathophysiology of neoplasia and 
stroke. 

The first NMR Group in India was established by 
Prof S. S. Dharmatti and Prof. H. J. Bhabha in 1953. 
Since then, NMR techniques have come a long way in 
biology. While developing future research programmes 
in our country, several points should be kept in mind. 
Wnhtile the clinical relevance of a problem requires the 
use of non-invasive clinical model, experimental 
controls and monitoring are not so easy. On the other 
hand, NMR studies of cell cultures and perfused organs 


can be done at very high fields and experimental 
controls are much better. Expertise in NMR methods 
and electronics is as important for the success of a 
biomedical NMR research progranune as the choice 
of the right problems. This requires a collaborative 
effort between NMR spectroscopists, biochemists 
and neuroscientists. Will we succeed in developing 
such multidisciplinary teams? I do hope that our 
country, which has a long tradition in NMR, will be 
able to initiate challenging problems in biomedical 
NMR. 
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Neural networks 
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The attempts by the neuroscientists, computer 
scientists and physicists to capture the computa¬ 
tional architecture and processes of the human brain 
and their implementation in silicon devices are now 
giving encouraging results. The studies of model 
neural networks and their properties are now at a 
very exciting stage. We start with a brief intro¬ 
duction of the developments made in neural network 
modelling. The current research activities in this 
field in India (to the best of author’s knowledge) are 
then discussed and some suggestions regarding the 
future course of action indicated. 


The overwhelming superiority of human brain over 
digital computers in almost every task (e.g. faster 
recognition of objects, faces, processing visual 
information, etc.) motivates studies on the design and 
performance of artificial intelligence (AI) models of the 
brain, to capture the essential processes of neural 
computation. The prospect of implementing the basic 
architecture of the human brain (consisting of about 10^^ 
neurons working in parallel and each operating in a 
typical millisecond time scale) in high-speed electronic 
computers (presently employing about 10^® constituent 
transistors operating typically in nanosecond time scale, 
with sequential operation program) is proving to be a 
new reality. What are the possible tasks an artificial 
neural network can do? Expectations from such simple 
networks are enormous: 

i) Such networks should evolve in a flexible way - to be 
able to Team’ and accommodate themselves to new 
environments and need not be programmed. 

ii) Should be able to process informations which are 
fuzzy, probabilistic, noisy or even inconsistent. 

iii) Should be fault-tolerant (robust) and compact 
(efficient). 

Neural networks have emerged as an alternative 
paradigm for computation. Instead of the processing 
being sequential, as in the usual von Neumann archite¬ 
cture of computers, the instructions can be distributed 
amongst the different computing units of a neural 
network. Their potential applications lie mainly in 
computer science and engineering, in addition to their 
use as a paradigm for modelling in neuroscience and in 
sensory and cognitive psychology. They will also open 
an avenue to new investigations, by simulating processes 
that cannot be studied in live brain. 


Brief review and state of the art 

It is now more than a hundred years that the basic 
building blocks (or atoms), called neurons, of the neural 
network (in the human brain) were identified and 
discovered by Cajal in 1888 (see e.g. reference 1). Fifty 
years back (in 1943), McCulloch and Pitts^, inspired by 
the knowledge gathered already in neurobiology, 
proposed a model for the (nonlinear) dynamics of the 
(state of) activity of a neuron interacting (via synaptic 
connections ) with other neurons in the network. 
They introduced a simplistic binary-state (active and 
passive) threshold neuron model. If the state of the ith 
neuron is denoted as nj(t) at (discrete) time t (where 
/ == 1, 2, ..., A, A being the total number of neurons in 
the network) then the dynamical law for the change of 
state for the model neuron is 

mit + 1) = 0(A,(0 - (/>,), / = 1, 2, ..., A, (1) 

where the net input on the ith neuron 

hi(t) = ly Wij rtj (0 (y ij =1,2,...,?/). 

The threshold function ©(x) = 1 for x > 0 and 0(x) = 0 
for X < 0. denotes the threshold for the neuron /, such 
that it is in an active state («/ = 1) if the net input {hi) to 
it exceeds (j>i and remains inactive («, = 0) otherwise. 
McCulloch and Pitts^ suggested that, with a suitable 
choice for the synaptic strengths Wjj, such networks can 
carry out any imaginable computation. With this started 
the investigations of artificial neural networks^"^^. 

Around 1960, Rosenblatt and coworkers^ studied a 
specific network architecture, called perceptrons, with a 
layered structure and feed-forward connections, Wjj, 
appropriate for a particular type of computational task 
(similar to processing of sensory information or 
perception). A severe criticism on the limitations of the 
(one-layer) perceptron model, by Minsky an4: Papert"^, 
left this model abandoned (virtually dead) for' almost 
twenty years. In a very significant development in the 
last decade, the group led by Rumelhart et al.^ redis¬ 
covered independently the merits of an (optimization) 
algorithm called back propagation (first found by 
Werbos^ in 1974) to find the Wt/s in a multilayer 
perceptron. Most of the successfol implementations 
today of the neural network architecture for recognizing 
complicated patterns and quasichaotic time series 
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employ this back propagation algorithm and its 
extensions. Some examples are: 

(i) NETtalk (Sejnowski and Rosenberg^), having a 
three-layer feed-forward network (with 80 ‘hidden’ 
units), could ‘learn’ (like a child) to pronounce written 
text. This, of course, is a compromise (solution) to the 
much harder (reverse) problem of speech recognition. 
The network was trained to associate a phonetic value 
with a certain group of letters provided by an example 
set of 1024 English words. After completion of the 
‘training’ (typically 50 cycles or iterations), it could 
accurately pronounce 95% of the words from the 
training set and about 80% of the words from ‘unseen’ 
texts. 

(ii) The primary structure of a protein consists of a 
linear sequence of amino acids, chosen from 20 
possibilities, like a text with an alphabet of 20 letters. 
The secondary structure determines the local 
stereochemical form of the amino acid chain (e.g. a 
helix, (3 sheet, P turn or random coil). In an obvious 
parallel to NETtalk, Sejnowski and Rosenberg^ and 
Bohr et al.^ developed independently neural networks 
which learned from a set of samples and then predicted 
the secondary structure of the central sequence. The best 
reported accuracy is 62% for the training set and about 
53% for ‘unseen’ sequences. One recognizes, therefore, 
the ability of such networks to extract the functional 
relations that have so far escaped human intelligence! 

(iii) There are now multilayer networks (using 
essentially back propagation) for navigation of a car (so 
that the car could drive on a road through a wooded 
area), signal prediction and time series (e.g. sunspot 
activity series) prediction with impressive reported 
success (over non-network and even human attempts). 

There has been another root of development of the 
McCulloch and Pitts^ type of network^^^. In 1955, 
Cragg and Temperley^ identified the McCulloch-Pitts 
(two-state) neurons as (Ising) spins or magnetic 
moments. Attempts were also made by Little^^ and 
others (in 1970s) to implement Hebb’s^^ ideas about 
learning in the brain, to construct the synaptic conne¬ 
ctions Wiji Wi/s take positive (excitory) and negative 
(inhibitory) values determined by the patterns to be 
learned. However, the coupled dynamical equations 
were still not amenable to statistical physics. Hopfield in 
1982 made a ‘clever step backward’ and assumed 
Wij = Wji (which is not correct biologically) in a model 
network and introduced the ‘energy function’ or the 
‘hamiltonian’ for the network. Memories were then 
identified as metasfable minima (acting as local attractor 
fixed points in the dynamics) in the ‘energy landscape’. 

The energy function or the hamiltonian being very 
similar to that of spin glasses (in statistical physics), a 
remarkable understanding developed and most of the 
recently acquired ideas about the free-energy landscape 
of spin glasses were translated to those of such 
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networks. These led to quite rigorous and formal 
theoriesregarding the network (loading) capabilities 
for associative memory. Extensions of such networks for 
learning, storing and recalling temporal sequences of 
patterns (replacing fixed points by limit cycles) have 
also been made. The ability of such Hopfield-type 
networks to associate local minima with the (desired or 
learned) patterns has been utilized by Hopfield and 
Tank^^ to suggest a neural-network approach for 
locating the (degenerate) solutions of TRAVELLING 
Salesman type of combinatorial optimization problems: 
the cost function, to be minimized, determines the 
synaptic connections. This brilliant idea (of utilizing the 
parallel functions of the neurons in the network to 
look for the associative solution of such NP-hard 
problems) has, so far, not led to any reasonable success 
(compared to that obtained using other non-network 
approaches). 

Hardware implementations of the Hopfield model in 
the analog VLSI circuits have been achieved, and chips 
with (N =) 256 fully connected units or neurons, using 
about 130,000 (= 2A^) resistors to simulate Wj/s, have 
been made^^. These connections (Wj/s) are difficult to 
achieve in silicon technology (where units or the 
neurons are simpler to construct, using nonlinear 
amplifiers), which is reverse in optical technology. 
Mead and coworkers have developed an electronic 
model of the retina of the visual system of the vertebrate 
animals: with 48 x 48 nearest-neighbour connected 
photosensors. The chip is reported to be able to perform 
the basic tasks of image processing for discontinuity and 
motion detection, in a manner quite similar to biological 
retina. 

Criticism 

There has been, however, some serious (mathematical 
and philosophical) criticism to the ultimate goal of such 
artificial intelligence research. Can such artificially 
intelligent systems (networks) be ‘really intelligent’? 
Can such networks ever ‘be aware of, or understand’ 
what it is doing? Can it have its own mind (be self- 
conscious)? Penrose^^ argues that an extended Godel’s 
incompleteness theorem holds and that may preclude 
such possibilities. 

Current work in India 

Presently, there are many groups in various computer 
science, electrical engineering and physics departments 
of IITs, institutes and universities interested in neural 
network research. To my knowledge, there are groups in 
the computer science departments of TIER (Bombay), 
IISc (Bangalore), ISI (Calcutta), IIT (Delhi and 
Kharagpur) where various neural network architectures 
for several kinds of pattern recognition problems are 
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being investigated. A piece of such work investigated by 
one of these groups (see e.g, reference 20) uses fuzzy 
sets for replacing the binary-state neurons in a multi¬ 
layer perceptron network, for the classification of fuzzy 
(linguistic) patterns. A couple of physics groups, e.g., in 
IISc (Bangalore) and in SINP (Calcutta), are involved in 
the (statistical) physics of such networks^^’ For 
example, an extended associative memory model for 
processing EEG oscillations was utilized to process the 
epilepsy-generating ‘kindling’ in the laboratory 
animals^^ The predicting capacity of a perceptron (3- 
layer; using back propagation) was investigated^^ for 
quasichaotic (time series) sunspot data. Recent investi¬ 
gations of extending the Hopfleld-Tank type of network 
for finding the optimal solutions of (randomly diluted) 
lattice version of the TRAVELLING Salesman’s 
problem^^ have indicated encouraging possibilities. 
Physics groups in various universities (JNU, NEHU, 
etc.) are also showing keen interest in neural-network 
research. One of such groups (in JNU) is studying 
the time-dependent properties of neural networks 
with continuous spin variables. A few defence 
laboratories (e.g. DRDO, Hyderabad) are also doing 
research in pattern recognition aspects of neural 
networks. 

This report on the Indian Work is certainly 
incomplete, as much of the work being done in various 
places has started recently (reports not yet published) 
and there is no regular interaction yet among the various 
groups in the community. 

Future perspective 

As discussed earlier, the interest in the functioning of 
the human brain exists not only for understanding man’s 
superb ability to survive, but also this acquired 
knowledge will have profound implications in the 
development of (the next generation) computer. It will 
also have potential applications in neurobiology (in the 
sense of simulating live processes) and in medical 
treatments. 

This multidisciplinary science of neural networks is 
presently at the threshold of development^^. Its scope is 
thus enormous. The subject is truly multidisciplinary in 
nature: it involves neurobiology, computer science, 
(statistical) physics, mathematics, etc. This multidisci¬ 
plinary nature is inherent to the subject. Here lies its 


strength and also perhaps the weakness (in the absence 
of regular dialogue across the disciplines)! 

Suggestions 

The DST may consider sponsoring the following: 

(i) Multidisciplinary interaction meetings/workshops 
involving interested investigators, about once a year. 

(ii) Funds for procuring books, journals for the investi¬ 
gator groups. (In most cases the university/institute 
libraries cannot procure them, as there are no precise 
groups of faculty engaged in such research.) 

(iii) Funds for research fellows/associates, where 
necessary, and a minimal grant for procuring necessary 
capital instruments (e.g. dedicated workstations in 
physics groups). 
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This paper presents an introduction to neuro¬ 
computers and an overview of the history of 
neurocomputers. Direct implementation methods of 
neurocomputers using techniques from micro¬ 
electronics and photonics are discussed. Emulation 
methods using special-purpose hardware are high¬ 
lighted. The role of parallel computing systems for 
improved performance is introduced. Some commer¬ 
cially available neurocomputers and performance 
issues of such systems are also presented. 


From the advent of the first useful electronic digital 
computer (ENIAC) in 1946 until the late 1980s, 
essentially all information processing applications used 
a single basic approach: programmed connputing. Solv¬ 
ing a problem using programmed computing involves 
devising an algorithm and/or a set of rules for solving 
the problem and then correctly coding these in software 
(and making necessary revisions and improvements). 

A new approach to information processing that does 
not require algorithm or rule development and that often 
reduces significantly the quantity of software that must 
be developed has recently become available^ This 
approach, called neurocomputing, allows for some types 
of problems (typically in areas such as sensor process¬ 
ing, pattern recognition, data analysis and control), the 
development of information processing capabilities for 
which the algorithms or rules are not known (or where 
they might be known but the software to implement 
them would be too expensive, time-consuming or 
inconvenient to develop). Since current computers 
operate on a totally logical basis, software must be 
virtually perfect if it is to work. The exhaustive design, 
testing and iterative improvement that routine software 
development demands makes it a lengthy and expensive 
process. The computer-aided software engineering 
(CASE) tools often used with neurocomputing systems 
can frequently be utilized to build these routine software 
modules in a few hours. These properties make neuro¬ 
computing an interesting alternative to programmed 
computing, at least for those areas where it is applic¬ 
able. 

Formally, neurocomputing is the engineering 
discipline concerned with nonprogrammed adaptive 
information processing systems - neutral networks - 
that autonomously develop operational capabilities in 
adaptive response to an information environment. 
Instead of being given a step-by-step procedure for 
carrying out the desired transformation, the neural 


network itself generates its own internal rules governing 
the association and refines those rules by mapping or 
associations of objects or representations in one set 
(such as written words) with objects or representations 
in another set (such as spoken sounds). Through trial 
and error, the network literally teaches itself how to do 
the task. 

In the sections to follow, we describe the history of 
neurocomputing, architectures of neurocomputers and 
practical implementation attempts. 

History of neurocomputers 

The first proposal to use neural networks as a basis for 
computation was made in 1943 by McCulloch and Pitts, 
who proposed to describe neural computation by a 
network of binary threshold elements. More specifically, 
each element could compute a weighted sum of inputs 
from other elements and output a 0 or a 1 according to 
whether this sum was below or above a certain thres¬ 
hold. 

In 1957 the perceptron was invented by Frank 
Rosenblatt. In addition to the discovery of the 
perceptron and his visionary view of the future of 
neurocomputing, Rosenblatt also designed and helped to 
build the first successful neurocomputer, the Mark I 
Perceptron, which functioned as a character recognizer. 
It was built and successfully demonstrated in 1957 and 
1958. 

One of the first approaches to an electronic model of 
the neuron was an adaptive circuit theory pioneered by 
Bernard Widrow iii the early 1960s. Widrow worked on 
a simple model of a neuron for pattern recognition and 
signal processing (Adaline). While Adaline’s capab¬ 
ilities were impressive, its initial applications were 
limited because each neuron required an operator to 
adjust its weights. John Hopfield was one of the first to 
cast neural designs into microchips. His analog-to- 
digital converter uses the principle of energy minimi¬ 
zation, in which neural networks maintain a state of 
lowest energy. The only inherent limitation for this 
design method is the power dissipation cost created by 
the resistive interconnections. Resistors create heat, and 
because these circuits require high degree of inter¬ 
connection - every amplifier must be connected through 
a resistor to every other amplifier - heat dissipation in 
the interconnect grid is the limiting factor on this sort of 
cognizer chip. 
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Most of the components in Hopfield’s simple design 
already exist in other integrated circuits; hence, the 
methods of constructing them are well established. 
Accurate resistors, however, are often not needed and 
the problem of building them into microchip silicon had 
never been fully addressed. A team of Bell Lab’s 
technicians, however, found one way of building such 
resistive interconnects with advanced semiconductor 
research apparatus. This newly developed method has 
allowed Bell Lab’s researchers to build a 512-neuron 
chip with over 256,000 connections. The 512 amplifiers 
are arranged in blocks of 128 around the edges of the 
chip. Resistors are built vertically at the 256,000 
intersections of a central wire grid. A special low- 
temperature ion beam process was used to place the 
resistors. 

To build Hopfield-style chips, different microchip 
manufacturing techniques are being tried at other 
research labs. Carver Mead fabricated an associative 
memory chip that included several clever design 
features. The chip consisted of 22 analog amplifiers 
arranged along the diagonal of a 22 x 22 cell array. In 
1986, Robert Hecht-Nielsen built the first commercial 
neural network, which is described later. 

Research in ways to capture neural network in silicon 
has made remarkable progress in the last few years, and 
with major research efforts being made in the United 
States, Europe and Japan, even more progress will be 
forthcoming. 

Implementation aspects of neurocomputers 

The progress of neurocomputing is inexorably related to 
the progress in neurocomputer design. Historically, the 
first real-world applications of neurocomputing became 
possible only with the advent of sufficiently powerful 
implementation hardware. Most future applications are 
likely to require ever more powerful neurocomputers. 
This section discusses the implementation of neuro¬ 
computers and their performance measures. 

The fact that Artificial Neural Networks (ANN) are 
composed of a very large number of comparatively 
simple processing elements leads us to the conclusion 
that present-day digital computers may not be 
particularly well suited as an implementation medium 
for neural nets. Neurocomputers can be built either as 
hard-wired machines (direct implementation techniques) 
capable of implementing only a limited set of neural 
network architectures, or as flexible, reconfigurable 
machines (emulation approach) that can run a wide 
variety of neural network architectures. For those 
applications where running multiple network types is 
important, reconfigurability is essential. However, 
hardware designed expressly for running a specific 
network architecture can sometimes be more efficient. 
We will begin this section with a definition and a brief 


analysis of direct ANN implementation approaches; we 
will then define and focus on emulation-based imple¬ 
mentations. 

Direct implementatioii techniques 

In direct implementation of ANNs, individual physical 
elements (such as wires, transistors, light-emitting 
diodes, etc.) are allocated to represent each element of 
the neural network. Such an implementation is 
inherently parallel, in that each implementation element 
processes information simultaneously with respect to 
other elements. The most commonly encountered direct 
implementation schemes are based on optical or analog 
electronic mechanisms. 

In analog VLSI (Very Large Scale Integration) 
microelectronics, semiconductor technology is used to 
produce integrated circuits containing a large number of 
analog components (amplifiers, comparators, etc.). Such 
circuits operate on continuous-valued signals, rather 
than on discrete-valued binary data. This makes analog 
VLSI attractive as an implementation medium for neural 
networks, which also usually operate on continuous¬ 
valued signals. Unfortunately, analog microelectronics 
techniques face severe technological hurdles in neural- 
network implementation. The existing and the projected 
circuit technologies impose severe constraints in wiring 
together large networks. As these and other 
technological constraints are addressed, analog VLSI 
will become an increasingly attractive means of 
realizing artificial neural networks. Prof Carver Mead 
of Caltech and Synaptics Inc. has applied this analog 
technology in the realization of several innovative 
biologically inspired processing systems, including an 
artificial ear and an artificial retina (see Figure 1). This 



Figure 1. Analog VLSI retina chip. 
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vision-processing chip consists of an array of 
interconnected analog circuits, each of which captures 
the operation of the neural circuitry contained in a small 
path of retina. Because this chip is a direct neural- 
neuvork implementation, it exhibits the real-time 
processing speed which is possible with true parallel 
implementations. Mead’s work exemplifies the value of 
biology in guiding ANN applications development. 

If analog VLSI faces severe hurdles as an ANN direct- 
implementation medium, optical methods are perhaps 
even less well developed. Optical ANN implementations 
suffer from spatial-resolution problems (engendered, for 
example, bv optical diffraction limits), which restrict the 
number of neural elements which may be implemented. 
Also, there are very few optical mechanisms for 
implementing the long-term memory required by adap¬ 
tive neural nets. Optical methods exploit the fact that 
light beams can pass through one another without 
destroying their information content (though there are 
possible interference effects). This opens up the 
possibility of using optics as a high-capacity communi¬ 
cation medium for implementing the links which connect 
the nodes (processing elements) of a neural network. 

One type of optical neural-net implementation is 
illustrated in Figure 2. This example uses a hybrid 
electronic/optic system, in which the input and output 
signals for the net are implemented electronically. The 
inputs are produced by a set of electrically driven light- 
emitting diodes (LEDs). The light produced by each of 
these elements is conveyed to the appropriate elements 
of a \/eight matrix by lenses or by optical fibres. The 
weight matrix is simply a transparent optica! mask 
whose matrix elements consist of regions shaded or 
tinted to a degree that corresponds to the desired matrix 
weight. To form an associate system, these outputs must 
be fed back to the net’s inputs as shown in Figure 2. 

Typical optical ANN implementation involves large 
arrays of light-emitting diodes and photodiodes, or 



complex nonlinear optical elements, ail of w'hich are 
difficult to produce. Besides the initial expenses of this 
exotic technology, there appears to be no w'ay to signifi¬ 
cantly cost-reduce such systems, as would be required in 
high-volume ANN applications. 

Direct ANN implementation is a dilflcult task. It is 
probable that direct implementations of specific 
carefully chosen applications will be realized in the near 
future. However, these techniques are not likely to soon 
provide an attractive means of realizing general ANN 
applications. As an alternative to direct implementation, 
w'e turn to digital emulation techniques. 


Network emulation techniques 

Netw^ork emulation techniques are quite general, per¬ 
mitting the implementation of arbitrary network models 
and arbitrary network organizations. While emulation 
lacks speed and perhaps the low cost characteristic of 
some direct implementations, it is extremely versatile 
and builds on the existing digital technology. This is the 
approach taken by most of the existing ANN companies. 
Figure 3 shows several methods of pursuing an emula¬ 
tion approach to neural-network implementation. 

Emulating neural netw^ork using a standard Von 
Neumann computer approach suffers from both speed 
and memory utilization constraints, which can severely 
limit the real-world applications of neural networks. 
Even so, this approach is a logical and attainable 
starting point for neurocomputer development. It may be 
sufficient for certain neural network applications which 
do not require large nets or high processing throughput. 

Another possible type of emulation is the use of 
numeric coprocessors or an array processor attached to 
the host system. Most of the neurocomputers that have 
been built are configured as coprocessors to a standard 
computer acting as a host (Figure 4). As a coprocessor, 
a neurocomputer can be thought of as just another type 
of peripheral (like a printer) attached to a computer. 
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Figure 4. Ncuroconipuliiig coprocessor. 


Hetch-Nielsen Neurocomputers Inc. (HNC)" offers a 
neurocomputing coprocessor card for IBM PCs and 
clones (ANZA). This coprocessor is a fairly simple 
numeric-oriented computer which can exchange data and 
control information with its host PC. Its utility derives 
from its hardware support for such numerically intensive 
signal processing operations as sum-of-products, which 
are extensively used in neural-net emulation. The 
processing performance of the ANZA is derived from 
the on-board 20 MHz Motorola MC68020 micro¬ 
processor plus its associated 68881 numeric coprocessor 
chip. Data memory and program memory are imple¬ 
mented in 4 MB (4 million bytes) of RAM. Several 
ANZA cards (or its successor ANZA Plus) are 
installable within one host PC, increasing the size of the 
nets which may be emulated. The ANZA was designed 
to make easy neurocomputing integration into existing 
software environments. Interaction between user 
software on the ANZA is accomplished through a set of 
callable subroutines that comprise the User Interface 
Subroutine Library (UISL). The UISL provides access 
to all of the ANZA’s network data structures and 
functions. This allows the user to add quickly and easily 
neural network capability to new or existing software. 
As a general-purpose neurocomputing coprocessor, the 
ANZA can implement anyone of the known network 
paradigms. 

As a third alternative to the emulation techniques, 
multiprocessor systems are used. Each processor in such 
a configuration is much faster than a microprocessor- 
based numeric coprocessor, and each processor also has 
a much larger amount of local storage (and thus the 
ability to describe a larger piece of network). However, 
such a machine is also much more expensive than a 
coprocessor-based system. Some of the multiprocessor 
systems used for neural-network implementation include 
the transputer-based computing surface with 40 
transputers, the WARP machine, the BBN Butterfly, the 
connection machine, the hypernet and the hierarchical 
network of hypercubes. In the next section, we discuss 
some of these architectures for the simulation of neural 
networks. 


The BBN Butterfly machine is characterized by a higher 
degree of hardware parallelism, and by the nature of the 
communication mechanism which links its constituent 
processors. Such a machine is much more expensive 
than a neurocomputing coprocessor, but is also signifi¬ 
cantly more powerful. This class of machines is also 
typically general-purpose, rather than being specialized 
for neurocomputing. The Butterfly machine usually 
contains 4 to 128 individual processing nodes. Each 
such node is a complete computer containing a Motorola 
68020 processing unit .and an optional numeric 
coprocessor, local data memory and local program 
memory. ANN emulation can take advantage of many of 
the Butterfly’s architectural features, provided that the 
needed supporting software is available. As in any 
general-purpose system, however, neural-network 
emulation can be even better implemented on a parallel 
system which is architecturally specialized for such a 
task. 

Hypercube architecture 

Let us now consider hypercube machines, yet another 
type of parallel digital computers which are potentially 
useful for neural-network emulation^. Like Butterfly, 
existing hypercubes consist of a few tens to a few 
hundred processing nodes. Each such node is like the 
nodes used in the Butterfly (i.e. each contains a 
processor, memory, etc.). The price of a hypercube is 
also similar to that of a Butterfly containing a like 
number of processor nodes. The distinction between 
these classes of architectures revolves around the nature 
of the internode communication mechanism. The 
Butterfly uses a particular type of nonblocking multiport 
message switches, whereas the hypercube machines use 
high-speed point-to-point serial communication links 
between nodes. In an /7-dimensional hypercube design, 
each processing node has a dedicated link to n 
neighbouring nodes. Most hypercube machines are of 
degree 5 or 6; each node has direct links to 5 or 6 other 
nodes. 

Like the Butterfly machine, hypercubes are usually 
implemented as general-purpose computers. ANN 
simulation may be readily performed on such machines, 
given the necessary software. While the parallelism of 
hypercubes makes them attractive for neural-network 
emulation, their communication mechanism is less than 
ideal for this task. 

Hierarchical network of hypercubes 

The hierarchical network of hypercube proposed by 
Kumar et alf^ is a low-cost, expandable and fault- 
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Tabic L Comparison of backpropagation implementa¬ 
tions on different systems 


Computer 

Performance 
in CUPS** 

Connection machine 2 

280 M 

Wy\RP(10) 

17 M 

ANZA Plus 

10 M 

Butterflv 64 

8 M 

SUN 3 

250 K 

EH (3. 2) 

9.45 K 

EH (3. 3) 

60-64 K* 

EH (3, 4) 

400-480 K* 


^*CUPS: Connection updates per second. 
^Estimated values. 


hderant parallel architecture suitable for neural-network 
sinuiiation. A hierarchical network of hypercubes is 
represented by EH(^, /), where EH stands for Extended 
Hypercube, k is the dimension of the basic module and 
there are / + 1 levels of hierarchy in the network (/ is 
often referred to as the degree of EH). Several neural 
network paradigms have been simulated on this 
architecture with significantly improved performance 
compared to that obtained on CM-2 and iWARP 
machines. Table 1 compares the backpropagation imple¬ 
mentations on different systems. 

TMI connection machine 

We will briefly consider one more parallel computer 
which is usable in ANM emulation: the Thinking 
machines, Inc. (TMI) Connection Machine. This system 
is quite different from any other machine considered 
previously. The Connection Machine is architecturally 
quite innovative, but acceptance of the machine has 
been relatively slow. (Writing software for this system 
has proven challenging.) It is an expensive machine. The 
connection machine is a true massively parallel 
computer, consisting of up to 64 K (65,536) individual 
processing nodes, each of which is much simpler than a 
full stand-alone computer. In fact, each such node 
contains a bit-serial processor (i.e. one which performs 
its operations, such as addition, one bit at a time) as well 
as a small amount of memory. The resulting processing 
nodes are small enough for several of them to be built 
on a single chip. The overall machine contains many 
such processing-element chips. The processing nodes do 
not contain enough local memory to emulate a 
reasonably large chunk of network, forcing an extensive 
use of slow serial interprocess communication. Pro¬ 
gramming the machine is difficult, though software 
support is increasing. Finally, the connection machine is 
so large and expensive that its use is impractical for 
many interesting neural-network applications (e.g. 
military signal processing systems, or embedded 
machine controllers). 
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Performance measures of nenrocompoters 

A number of neurocomputer performance measures that 
have been found to be useful in assessing the capabil¬ 
ities and costs are presented in the following paragraphs. 

Capacity 

There are two measures of capacity. The first concerns 
the sizes of specified types of networks that can be 
implemented by the neurocomputer. The second 
measure of capacity is the total number of networks of 
specified types and sizes that can be stored ready for 
immediate use within the neurocomputer. This second 
measure of capacity is important, since most appli¬ 
cations of neurocomputing require multiple networks, 
and since loading networks into a neurocomputer over 
an interface is usually a time-consuming process. 

Speed 

Speed is rated by how quickly a specified network of a 
specified size can update the interconnections. Commer¬ 
cial neurocompiiters are typically benchmarked using a 
large backpropagation network of a stated number of 
layers and processing elements per layer. The total 
number of interconnections that can be updated in one 
second is often used as the speed metric. 

Cost 

Cost is one of the most difficult performance measures 
to determine in a fair and accurate way. Further, there 
are legitimately different approaches to cost measure¬ 
ment. The measurement approach that most compre¬ 
hensively incorporates ail of the costs involved is the 
calculation of the deiivered-capability cost. Given a 
neural network of a certain type and size that is 
activated from software, the deiivered-capability cost is 
the total cost of running that network through some 
stated number of update iterations. This cost should 
include the purchase price of the neurocomputer 
(including any taxes), the cost of any required software, 
neurosoftware languages, cables, LAN hardware, and so 
on, and neurocomputer system administration costs. 
Maintenance costs during the useful life of the machine 
must also be incorporated. 

Accuracy 

Accuracy is a neurocomputer capability performance 
measure that assesses the numerical accuracy of the 
machine in terms of the needs of certain specified 
networks. The measure is typically binary. Either the 
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neurocomputer can implement a particular specified 
neural network to the necessary degree of accuracy, or it 
cannot do so. 

Generality 

Some neurocomputers are suitable for implementing 
only certain neural-network architectures. Other neuro¬ 
computers can implement essentially any architecture. 
Given a specific list of architectures, generality is the 
binary measurement of whether the neurocomputer can 
or cannot implement those network types. 

Software interface provisions 

For software programs to be able to call neural networks 
as subroutines, it is necessary to have software routines 
that can be linked with the user software and then called 
whenever needed to control the neurocomputer. The 
simplicity and ease of use of these software interface 
provisions are of great importance. 

Configuration provision 

For a computer to be used, it must be configured to run 
the desired neural networks. There are two basic 
approaches to this problem. First, most of the commonly 
used neural networks should be available in highly 
efficient (in other words, microcoded or otherwise 
optimized) prepackaged form. This coding efficiency 


ensures that the networks used most often execute at 
maximum possible speed on the hardware. As with 
software interface provisions, configuration provisions 
are best judged on a relative-merit basis. The availa¬ 
bility of a general-purpose neural network description 
language capable of describing a large percentage of 
neural-network architectures efficiently for use with the 
neurocomputer is an important consideration 
Table 2 shows the different neurocomputers built so 
far, their performance in terms of speed and capacity, 
and the year introduced. 

Conclusions 

We discussed here the different approaches for 
implementing neurocomputers. The future development 
of neurocomputers will be governed by the development 
of accurate mathematical models for artificial neurons. 
Since it is predicted that the models will involve more 
of analog computations, it is hoped that more emphasis 
will be laid on analog hardware design and photonic 
computing for the design of efficient neurocomputers. 
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Mathematical modelling of neurons and neural 
networks 
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The basic concepts and techniques involved in the 
development and analysis of mathematical models for 
individual neurons and networks of neurons are 
reviewed. Some of the interesting results obtained 
from recent work in this field are described. The 
current status of research in this field in India is 
discussed. 


The development of an understanding how the human 
brain functions is one of the most important and 
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challenging tasks faced by modern science. During 
recent years, a great deal of progress has been made in 
experimental neurobiology. At the same time, efforts 
towards the development of mathematical models for 
some of the experimentally observed phenomena have 
gained momentum. Neurosciences cover a vast range of 
phenomena extending from the molecular to the 
behavioural level. In this paper, I have made an attempt 
to provide a brief overview of the concepts and 
techniques involved in the development and analysis of 
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mathematical models of individual neurons and neural 
networks. The molecular biophysical aspects of 
neurobiology are not dealt with here. To begin with, the 
basic framework for a mathematical description of the 
functioning of individual neurons is described and 
illustrated with a number of results obtained from recent 
studies. The next section is devoted to modelling of 
networks consisting of a large number of neurons. This 
kind of modelling has attracted a great deal of attention 
in the recent years. A large number of researchers from 
widely varying disciplines, such as neurobiology, 
computer science, electrical engineering, physics and 
mathematics, are currently working in this general area. 
Instead of trying to provide a comprehensive review of 
this newly emerging interdisciplinary field, I have 
concentrated in the section on neural networks only on 
those aspects which are relevant to neurobiology. 
This section contains a description of the basic 
ingredients of neural network modelling, a rough 
classification of the existing models on the basis of the 
degree of ‘biological realism’ incorporated in the 
modelling and a review of some of the important results 
obtained from recent studies in this area. Finally, the 
status of research in this field in India is discussed 
briefly. 

Modelling of the individual neurons 

Although neurons in the central nervous system show a 
wide range of variation in their morphology and 
function, the basic mechanism underlying their working 
is essentially the same for all of them. Neurons function 
electrochemically through the passage of different ions 
(Na*^, K"^, Ca^"^, Cl”, etc.) through the cell membrane. It 
is, therefore, possible to model a neuron as an electrical 
device by constructing an equivalent electrical circuit. A 
segment of a cell membrane is represented in this circuit 
by several electrical elements. These are: (i) an 
electromotive force (or in other words, a battery) 
associated with each active ion channel, arising from the 
difference in ion concentration maintained across the 
membrane; (ii) a membrane conductance associated with 
each active ion channel, describing the passage of 
specific ions across the membrane; (iii) a leakage 
resistance that describes the passive leakage of 
unspecified ions across the membrane; (iv) a trans¬ 
membrane capacitor describing the capacitance between 
the inner and outer walls of the membrane; and (v) 
internal and external resistances describing the 
transport of charge along the inner and outer walls of the 
membrane. Thus, a number of parameters are needed to 
characterize the electrical properties of a membrane 
element. Since these parameters have different values in 
different regions of the cell, an equivalent electrical 
circuit is usually obtained by dividing the cell into a 
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number of compartments and using different sets of 
parameters to describe the electrical properties of the 
membrane in different compartments. The appropriate 
set of circuit equations are then solved to determine the 
electrochemical properties of the cell. An important 
feature which complicates the analysis of the circuit 
equations arises from the fact that the values of some of 
the membrane parameters (most importantly, the 
membrane conductances) are themselves dependent on 
the membrane potential. An example of the kind of 
dependence to be incorporated in the model may be 
found in the classic work of Hodgkin and Huxley^ on the 
mechanism of generation of the action potential. Such 
dependences make the circuit equations nonlinear and, 
therefore, difficult to solve analytically. These equations 
are usually solved numerically by using computers. A 
good example of this kind of computer modelling may 
be found in the work of Traub and Miles^ on the 
pyramidal cells of the hippocampus. They have 
developed a computer model of hippocampal CA 3 
neurons, in which ionic, ohmic and capacitative currents 
are calculated explicitly in 41 compartments repre¬ 
senting the soma, the initial segment and the dendrites. 
The dendritic tree is represented in this model as a 
collection of equivalent cylinders. Somatic active 
currents are modelled using Hodgkin-Huxley-like Na"^ 
and fast K'*’ conductances. Dendritic conductances 
include a Ca^^ conductance and a slow calcium- 
activated potassium conductance. This model is found to 
reproduce quite accurately, the complex slow and fast 
spikes observed experimentally during the intrinsic 
bursting of the CA3 cells. It is clear from this work and 
other studies of a similar nature that the basic processes 
involved in the electrochemical behaviour of individual 
neurons are fairly well understood now. Packages of 
computer programmes for simulating the electrical 
properties of isolated neurons are now available^ and 
integrated circuits which reproduce quite accurately the 
electrical characteristics of neurons have recently been 
fabricated"^. 

The models described above are deterministic, in the 
sense that they always produce the same outcome for a 
given set of parameter values and initial conditions. In 
reality, however, the behaviour of neurons is not 
completely predictable. The experimentally observed 
response of a neuron to a particular set of externally 
specified conditions is not always the same. It is, 
therefore, necessary to include an element of 
stochasticity (noise) in the dynamics of neurons. An 
interesting example that illustrates the importance of 
noise in neural dynamics may be found in a recent work 
of Longtin et al^. They consider an experiment in which 
a single auditory nerve fibre of a squirrel monkey is 
stimulated with a sinusoidal sound stimulus of period To 
and the time intervals between successive spikes 
generated by the neuron are recorded. The histogram of 

163 




SPECIAL ISSUE ON 


the distribution of the interspike interval shows sharp 
peaks at integral multiples of Tq, The probability of the 
interspike interval having a value nT(^ {n= 1, 2, 3,...) is 
found to fall off exponentially with increasing n. In 
order to explain these observations, Longtin et al^ 
consider a very simple model that involves the motion of 
a particle in a one-dimensional bistable potential in the 
presence of a periodic driving force and a Gaussian 
white noise. The two minima of the bistable potential 
used in the model are supposed to represent the 
quiescent and firing states of the neuron. Their 
calculations show that the distribution of the time 
interval between successive transitions between the two 
minima of the potential exhibits all the substantive 
features of the experimentally observed interspike 
interval distribution. This simple calculation, thus, 
illustrates nicely the importance of including a noise 
term in the description of neural dynamics. It also 
serves the important purpose of showing that simple 
models in which many microscopic details are left 
out may indeed be adequate for explaining certain 
features of the experimentally observed behaviour of 
neurons. 

It is clear from the discussion above that a lot of 
progress has been made in the modelling of the 
electrochemical properties of isolated neurons. This, 
however, is only a small part of the full story because 
neurons in the nervous system do not function in 
isolation. They receive inputs from and provide outputs 
to many other neurons through synaptic junctions. It is, 
therefore, necessary to look at models of the collective 
behaviour of networks of neurons in order to develop an 
understanding of brain functions. Certain properties of 
the individual neurons which govern the mechanism of 
communication between different neurons play an 
important role in determining the network behaviour. 
Although the basic processes involved in synaptic 
transmission of signals from one neuron to the other are 
fairly well understood now, many details are yet to be 
worked out. In particular, many questions related to the 
development of the dendritic tree, formation and 
subsequent modification (through learning) of synaptic 
junctions, specific neurotransmitters/receptors involved 
in synaptic plasticity, and so on, remain unanswered at 
the present time. This is one of the most active areas of 
current research and a lot of new results are expected in 
the near future. 

Modelling of neural networks 

The subject of neural network modelling has witnessed a 
spectacular growth in the recent years. It is a truly 
interdisciplinary field in which researchers from a wide 
range of backgrounds are involved. Since the term 
neural network carries different meanings for 
researchers from different disciplines, it would be useful 

164 


to begin with a fairly general definition of this term. A 
neural network may be defined as a large, highly 
interconnected assembly of model neurons which are 
computing elements with a specified input-output 
relation. Each neuron in the network receives inputs 
from and provides output to a large number of other 
neurons. The collective dynamics of the network endows 
it with nontrivial computing abilities. The connectivity 
of the network is specified by a synaptic interaction 
matrix. The computations to be performed by the 
network are encoded in this matrix through an 
appropriate learning process. The time evolution of the 
network is governed by an assumed dynamic rule which 
specifies how the state of a model neuron depends on 
the net input it receives from the other neurons. A time- 
persistent state reached by the network in the course of 
its time evolution represents the result of the 
computation performed by it. 

There are several reasons for the current interest in 
models of this kind. In the neurobiological context, 
these systems serve as models (highly simplified in most 
cases) of some of the collective computational 
properties of the brain. The properties of the model 
neurons and their interconnections assumed in neural 
network models do resemble, although in a highly 
schematic way in most cases, some of the charac¬ 
teristics of their biological counterparts. Also, these 
models exhibit a number of features (such as parallel 
processing, fault tolerance, ability to learn, etc.) which 
are believed to be essential elements of biological 
computation. Physicists are interested in these models 
mainly because they are examples of interacting systems 
with complex dynamic behaviour. These models form an 
important part of a newly emerging subfield of physics 
that involves studies of complexity. At a more practical 
level, neural networks provide a new paradigm of 
parallel computation with numerous applications in 
practical problems involving pattern recognition and 
multivariable optimization. This is the primary reason 
for the interest of electrical engineers and computer 
scientists in this subject. 

In this paper, I will concentrate on neural network 
modelling of neurobiological phenomena. A question 
that arises at the very beginning of any attempt at 
developing a model of this kind is that how much 
neurobiological detail should one incorporate in the 
model. Opinions on this issue vary a great deal. Many 
researchers in neurobiology argue that models in which 
many biological details are left out are much too simple 
to be of any use in the study of real neurobiological 
phenomena. On the other hand, many other researchers 
in this field feel that some of the microscopic details left 
out in the simpler neural network models may not be 
crucial in understanding some of the collective 
properties of biological networks. The debate on this 
issue is continuing. As a result, the existing neural 
network models show a great deal of variation in the 
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degree of ‘biological realism’ incorporated in the 
modelling. Using this aspect as a criterion, one may 
roughly classify the existing models into the following 
three categories. 

Abstract models 

In models of this kind, all microscopic details about the 
working of the individual neurons are left out. The state 
of a neuron in these models is described by a single 
variable v which may be interpreted as the firing rate 
(the rate at which an action potential is generated). The 
value of V for a particular model neuron is supposed to 
be a simple sigmoid function of the net input (membrane 
potential in the biological interpretation) it receives 
from the other neurons in the network. In some models, 
a further simplification is obtained by approximating the 
sigmoid function by a step function. The variable v in 
these models takes only two values, 0 and 1, repre¬ 
senting, respectively, the quiescent and firing states of 
the model neuron. The pattern of synaptic connections 
and the values of the elements of the synaptic matrix 
used in models of this kind bear little resemblance to 
what is observed in biological networks. These network 
characteristics are usually chosen to maximize the 
efficiency of the network in performing the compu¬ 
tational task it is designed for. The main advantage of 
networks of this kind is their relative simplicity, which 
often makes them amenable to analytic study. Physicists 
have played an important role in the development of 
analytic theories of such networks. A number of analytic 
methods developed by theoretical physicists in studies 
of statistical mechanics of disordered systems have been 
extremely useful in analysing the behaviour of these 
networks^. In cases where analytic treatments are too 
difficult, numerical simulations of the behaviour of such 
models can be performed rather easily. Analog imple¬ 
mentations of networks of this kind are also possible. 
Most of the work carried out by physicists and engineers 
in the field of neural networks involves models of this 
kind. However, the connection of these models with 
neurobiology is rather tenuous. The only thing common 
between these models and real neuronal networks 
existing in the brain is a possible similarity in their basic 
working principles. For this reason, abstract models of 
this kind are sometimes called artificial neural networks 
to distinguish them from biological networks. 

Models of this kind may be loosely classified into two 
categories: feed-forward networks (sometimes called 
multilayer perceptrons) and multiply connected net¬ 
works. Feed-forward networks have a layered structure 
in which neurons in the wth layer receive inputs from 
those in the (w-i)th layer and provide inputs to those in 
the (m+l)th layer. Networks of this kind are primarily 
used for tasks involving recognition and classification of 


patterns. A subset of the data to be classified is used 
first to ‘train’ the network. The trained network can then 
generalize the information contained in the training set 
and use this information to classify new data with a high 
degree of accuracy^. Multiply connected networks, 
which have feedback loops in the synaptic conpections, 
are used mostly as models of associative memory. A 
system behaves as an associative memory if it can 
retrieve patterns stored in it from ‘hints’, .representing a 
partial knowledge of the stored information. Human 
memory is known to be associative in this sense. In 
neural network models of associative memory, the 
connection matrix is chosen in suph a way that network 
states representing the stored memories become locally 
stable attractors of the underlying dynamics. An initial 
state close to one of these attractors, representing partial 
knowledge of the stored information, is driven to the 
attractor itself in the course of the collective dynamics 
of the network. The complete information is thus 
retrieved. The Hopfield model* is perhaps the most well- 
known neural network model of this kind. Networks of a 
similar nature are also being used^ with a considerable 
amount of success in finding near-optimal solutions of 
complex optimization problems involving many vari¬ 
ables. It is interesting to note that computations which 
are performed more efficiently by neural networks than 
by conventional digital computers are also the ones at 
which the human brain excels. This observation suggests 
that the basic principles underlying the functioning of 
these models may indeed have some similarities with 
those used by the brain for carrying out various 
computational tasks. 

Intermediate level models 

In models belonging to this category, each neuron is still 
treated as a simple input-output device with no internal 
structure. However, a number of experimentally 
observed features are incorporated in the architecture 
and synaptic connectivity pattern of the network. The 
main advantage of studying models of this kind lies in 
the fact that due to their relative simplicity, analytic 
treatments are possible in some cases and numerical 
simulations can be carried out rather easily. At the same 
time, one can make some contact with experiments 
because these models are at least plausible biologically. 
Of course, comparisons with experimental data can be 
carried out only at the qualitative level because these 
models are not realistic enough. Also, models of this 
kind are obviously not appropriate for descriptions of 
neurobiological phenomena, in which properties of 
individual neurons play an important role. Nevertheless, 
many researchers in this field believe that studies of 
models of this kind do provide a lot of information and 
insight about the collective behaviour of biological 
networks. 
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Examples of models of this kind may be found in a 
large number of recent studies^^ of biologically 
plausible models of associative memory. These models 
go beyond the simple Hopfield model in trying to 
incorporate different experimentally observed features 
in the structure of the network. The features which have 
been incorporated in the modelling include: 

1. Neuronal specificity, i.e. the so-called Dale hypo¬ 
thesis, which states that in most cases the efferent 
synapses of a particular neuron are either all excitatory 
or all inhibitory. 

2. The presence of static and dynamic synaptic noises. 

3. Limited analog depth of synaptic strengths. 

4. Hierarchical (tree-like) structures in the network 
architecture and in the stored data. 

5. Less-than-full connectivity of the network. 

6. Low average (spatial and temporal) level of activity 
of the network. 

Models which exhibit a selective erasure of old patterns 
stored in the memory (forgetting) as new information is 
learnt have also been constructed A very interesting 
result has emerged from these studies. It has been 
established that the basic functional features of the 
simple Hopfield model remain, to a large extent, 
unaffected by the inclusion of these biological details. 
This observation lends support to the expectation that 
studies of relatively simple models may indeed lead to 
useful insights into some aspects of the functioning of 
the brain. 

Another class of models which have received a lot of 
attention in the recent years involve the storage and 
recall of temporal sequences of patterns. These models 
use either a time delay mechanism or the presence of 
dynamic synaptic noise to generate a passage of the 
network through a specified sequence of patterns. 
Numerical simulations of these models have reproduced 
several features exhibited by biological central pattern 
generators'^. These are neural groups which control the 
muscles involved in a variety of rhythmic activities 
(such as locomotion, swimming and chewing) by 
repeated generation of a specific sequence of patterns. 

We have recently carried out a study^^ which may be 
classified in this category of modelling. This work 
involves the development and simulation of a neural 
network model for kindling, which describes the process 
of generation of epilepsy in laboratory animals by 
repeated electrical stimulation of certain * parts of the 
forebrain. The starting point of this study is a 
biologically plausible neural network that generates 
complicated limit cycles in the absence of any external 
stimulation. The resulting small-amplitude oscillations 
of the network activity are assumed to model the resting 
LEG. The effect of the external shocks is represented by 
changes in the postsynaptic potentials of neurons close 
to the implanted electrodes. These changes cause a large 
number of these neurons to fire. The excess activity of 
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the network is assumed to lead to the formation of new 
excitatory synaptic connections through a Hebbian 
mechanism^^ of synaptic plasticity. The formation of 
these new synapses causes more neurons to fire and this 
‘snowballing’ process leads to a rapid increase in the 
network activity, culminating in the epileptic state. 
Simulations of this model reproduce and provide some 
understanding of a large number of experimental 
observations. 

Other neurobiological phenomena for which models of 
a similar nature have been developed include synchroni¬ 
zation of oscillations in the visual cortex^^ and oscilla¬ 
tory and chaotic EEG patterns observed in the olfactory 
system^^. 

Realistic models 

In modelling of this kind, all known biophysical details 
of the individual neurons and synaptic connections 
among them are incorporated in the model. Due to their 
extreme complexity, models of this kind are not 
amenable to analytic treatments. Numerical simulations 
provide the only way of studying their properties. Such 
simulations require an extensive amount of computing 
resources. Consider, for example, a relatively small 
network consisting of 1000 neurons. As discussed 
earlier, one needs about 50 variables for a realistic 
description of the behaviour of a single neuron. Thus, a 
simulation of the properties of this network would 
involve solving a set of about 50,000 coupled nonlinear 
differential equations. This is a difficult task, even for 
the most sophisticated supercomputers available today. 
The complexity of these models sometimes makes 
interpretations of the simulation results difficult. Due to 
this reason, some researchers have raised questions 
about how much insight is actually gained from 
simulations of models which are almost as complicated 
as the physical system being studied. Nevertheless, the 
fact remains that modelling of this kind is necessary if 
one wants to make direct quantitative comparisons with 
experimental data. Work of this nature, thus, serves the 
important purpose of providing a way of validating 
theoretical ideas about how networks of neurons actually 
function. An example of modelling of this kind may be 
found in the work of Traub and collaborators^’ on 
rhythmic population oscillations observed in both the 
hippocampus (the hippocampal theta rhythm) and in 
vitro hippocampal slice preparations. Their model 
consists of 9000 excitatory pyramidal cells and 900 
inhibitory cells. The parameters describing the 
properties of the pyramidal cells are chosen such that 
when they are excited, they generate intrinsic bursts with 
long, intrinsic hyperpolarization after the burst. 
Excitatory synaptic connections among the pyramidal 
cells are assumed to be sparse and random. These 
connections are spatially restricted, in the sense that the 
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probability of two pyramidal cells being connected 
decreases exponentially with the distance between the 
cells. Half of the population of inhibitory cells is 
assumed to produce fast inhibition and the remaining 
half produces slow inhibition. Axons of the inhibitory 
cells are assumed to be spatially more restricted than 
those of the pyramidal cells. Each neuron in the network 
has, on an average, 20 excitatory inputs and 20 
inhibitory inputs. All these features incorporated in the 
model are consistent with the existing anatomical and 
physiological data. Simulations of the collective 
behaviour of the network are found to reproduce quite 
accurately a large number of experimentally observed 
results. From studies of how the network behaviour is 
affected by changes in^ the values of the various 
parameters appearing in the model, these researchers are 
able to determine the dependence of the emergent 
properties of the network on intrinsic cellular charac¬ 
teristics and on the connectivity and strength of both 
excitatory and inhibitory synapses. This study also leads 
to a number of specific predictions which can be tested 
experimentally. 

Until recently, work of this nature could be carried out 
only at a few places in the world. Due to recent 
advances in computer technology, computing resources 
necessary for carrying out simulations of this kind 
have become more readily available. As a result, a large 
number of groups are currently getting involved in 
the development of models of this type^^. This 
appears to be one of the fastest growing areas of neuro¬ 
science. 

Status of research in India 

Several groups in India are currently working in the 
field of neural networks. These groups, consisting 
mostly of physicists, mathematicians, engineers and 
computer scientists, are primarily working on the so- 
called artificial neural networks. The problems being 
studied include designing networks for specific 
computational tasks, testing the performance of different 
networks and analysis of the collective properties of the 


various network models. Apart from a few isolated 
attempts, essentially no research is being carried out in 
India on modelling of neurobiological phenomena. This 
is probably due to the fact that there is hardly any 
interaction between the people involved in the 
modelling and those doing experimental research in 
neurobiology. A close collaboration between these two 
groups of researchers is essential for the development of 
a successful research programme in the area of neuro¬ 
biological modelling. It would be worthwhile to initiate 
a programme which would foster the development of 
such collaborations. 
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An attempt is made to present some challenging 
problems (mainly to the technically minded 
researchers) in the development of computational 
models for certain (visual) processes which are 
executed with, apparently, deceptive ease by the 
human visual system. However, in the interest of 
simplicity (and with a nonmathematical audience in 
mind), the presentation is almost completely devoid 
of mathematical formalism. Some of the findings in 
biological vision are presented in order to provoke 
some approaches to their computational models. The 
development of ideas is not complete, and the vast 
literature on biological and computational vision 
cannot be reviewed here. A related but rather 
specific aspect of computational vision (namely, 
detection of edges) has been discussed by Zucker\ 
who brings out some of the difOculties experienced in 
the classical approaches. 

Space limitations here preclude any detailed 
analysis of even the elementary aspects of infor¬ 
mation processing in biological vision. However, the 
main purpose of the present paper is to highlight 
some of the fascinating problems in the frontier area 
of modelling mathematically the human vision 
system. 

‘Facts not yet accounted for by available theories are of 
particular value for science, since it is on them that its 
development primarily depends .' 

A. Butlerov^ 

Seeing is obvious to us, as human beings. However, on 
careful examination, we discover that the problem of 
how we identify objects-how we are able to tell cats 
from dogs, chairs from tables - is a fundamental one. 
Hebb^ was one of the early workers to have made a 
serious attempt to analyse it. 

Recognizing patterns (and taking action on the basis 
of the recognition) is the principal thing that most living 
systems do. It appears that one can learn much from a 
study of the way biological systems operate. Perhaps for 
this reason, vision has always been a paradigm problem 
for artificial intelligence (AI). Of course, there exists a 
considerable knowledge of the physiology of nerve 
cells'^ and the neuroanatomy of certain insects and 
mammals (including man)^, but this has not yet provided 
us with an implementable logical design for the brain, 
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not even for one aspect like vision. One constantly 
wonders whether we can treat the eye as the ‘window’ 
through which we can examine more efficiently the 
workings of the brain!! 

In this context, it is appropriate to look back and 
analyse Turing’s classic essay^, which provides an 
affirmative answer to the question ‘Can machines 
think?’ He suggests that the machines (namely, digital 
computers) can be built which will be able to ‘compete 
with men in all purely intellectual fields’. Turing begins 
with an attempt to define the meaning of the terms 
‘machine’ and ‘think’, and decides, in the interest of 
avoiding ambiguity, to replace the question by another 
which is relatively unambiguous, involving an ‘imitation 
game’, in which three objects participate: a computer, a 
human being and an interrogator. The goal of the 
imitation game is to be able to distinguish between the 
human being and the machine, by querying both of them 
appropriately. 

It is also known that the operations of the nervous 
system in processing information are fundamentally 
different from those a computer would perform under a 
similar situation^. Moreover, the operations the nervous 
system performs apparently lack logical precision and 
arithmetical depth. Nevertheless, the brain executes 
complicated tasks, using its own logic and arithmetic, 
with an efficiency unmatched by any known automaton. 
A comparison between the brain and the computer 
should refer to their (hardware or physical) components 
and their organization, as well as the representation and 
transmission of information: 

• In the digital computer, the paradigm (which 
dominates computation) is that information must be 
digitized to guard against noise and degradation. Note 
that digitization imposes precision on an inherently 
imprecise physical system. A neuron, in contrast, is 
an analog device: its computations are based on 
smoothly varying ion currents rather than on bits (on- 
off) representing discrete ones and zeros. Yet, neural 
systems are generally accepted to be superbly 
efficient information processors. 

• The connections among the neurons are numerous - 
any neuron may receive many thousands of inputs in a 
three-dimensional distribution. In contrast, the 
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connections in a digital computer are limited to a 
small number, in a two-dimensional distribution. 

• While the neurons operate about a million times more 
slowly than silicon chips, they are capable of doing 
millions of operations simultaneously, while the 
computer operates in a serial, one-step-at-a-time 
fashion. 

• The individual neurons in the retina consume one ten- 
millionth as much power as the digital counterparts 
do. 

• Neurons operate with far less precision than the 
digital computer. 

Therefore, biological computation is very different 
from its digital counterpart, and any modelling of the 
former is to be made only in terms of the tasks of 
information processing that they pcxform. In other 
words, the visual processing tasks are to be decoupled 
from the hardware that performs them (see note 1). 

Turing-type question for vision 

The Turing question of relevance to vision is: Can 
machines see (see notes 2 and 3)? 

If our goal is to understand the information processing 
aspects of vision, we need to distinguish, according to 
Marr^, among three levels of analysis: 

1. Computational theory. What is the problem of vision, 
and in what manner can (and do) the physical cons¬ 
traints enable a unique solution to be determined? 

2. Algorithm. A clear procedure to implement the 
computational theory. 

3. Implementation. Hardware or neural-ware realization 
of the algorithm. 

As far as a theoretical answer is concerned, it should 
be added here that there are many perceptual processes 
(like illusions) whose problem specification (in the 
sense of Marr) itself is not clear. 

In order to provide a practically (as distinct from 
logically) satisfying answer to this question (see note 4), 
the words ‘machine’ and ‘see’ are to be defined 
appropriately. As far as the equivalent ‘imitation game’ 
question is concerned, it has to be framed in such a way 
as to bring in a robot with cameras as eyes, as a 
participant. The human (H) and the two-eyed robot (R) 
are to be presented with questions by the interrogator 
who displays on the television screen, for both H and R, 
the same images of the various scenes. The Turing-type 
interrogation can be proposed. Both H and R are to 
answer questions related to the contents of the images 
displayed on the screen. 

In fact, one wonders whether the question and answer 
method (in the imitation game) proposed by Turing is 
appropriate for pitting the human against the machine 
for ‘seeing’. Interestingly, in Turing’s imitation game 
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the slowness and inaccuracy in arithmetic are the human 
weaknesses, and hence betray the human if he were to 
act as a machine. But not so in ‘seeing’ (see note 5)! 

In the manner of Turing’s disclaimers, it should be 
added that we should not ask whether the machines at 
present available would be able to see, but whether there 
are imaginable machines which would. The formulation 
of test questions for the imitation game in ‘seeing’ 
appears to be an interesting research problem by itself. 
A typical question could, for instance, be: Given an 
image of a scene as an input (for example, the image of 
Figure I), can the machine print out on a typewriter a 
statement about what objects the scene contains and 
where they are? 

Recognition of patterns and machine vision 

In any attempt to automate recognition capabilities of 
biological vision, we should analyse how we (as 
humans) recognize the difference between, say, a square 
and a circle? Or, in general, how does a biological 
organism abstract the attribute of shape of an object (see 
note 6)? Observe that a square is recognizable as such, 
by humans, in different sizes and orientations and in 
different parts of the visual field. (In terms of biology, 
the recognition of a square is obviously independent of 
the particular groups of retinal cells excited.) 

A visual image on the retina is nothing more than a 
pattern of light, and patterns are a collection of contours 
and edges, which in turn are defined as regions of sharp 
changes in intensity of light falling on the retina. One of 
the basic properties of the visual system is its sensitivity 
to contrast, the ability to detect an edge or a contour, 
which is determined by a change in brightness and dark¬ 
ness across the visual field. It is astonishing that our 
eyes execute complicated visual tasks (like distinguish¬ 
ing between a shadow and a pothole) with phenomenal 
ease. In fact, the human retina is estimated to perform 
more than 10 billion calculations per second before an 
image even reaches the optic nerve. 

The major goal in machine vision is automatic 
recognition of objects, which implies that a corres¬ 
pondence be found between elements of the image and 
an a priori representation of objects in the world. It is 
not yet clear what type of prior world knowledge is 
really the heart of the matter. A recent paper by 
Pavlidis^^ offers some subjective comments on the 
reasons for the relatively slow rate of progress in 
machine vision in the last quarter of the century. 

If the literature is any guide, whatever systems have 
been designed and built in the various laboratories of 
the world work in specialized domains only, requiring 
careful lighting and imaging conditions. For instance, 
bin-picking (i.e. picking objects jumbled together in a 
bin, not laid out flat without occlusion) is still beyond 
our reach. There appears to be nothing of significance in 
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Figure la. Aerial image of a part of the Earth’s surface. 
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Figure 16. Satellite image of a hilly terrain on the Earth’s surface. 


machine vision except for some very special appli¬ 
cations in controlled environments like the OCR (optical 
character recognition) and industrial inspection of 
specific parts or objects. 

However, we read in journals and newspapers that 
robots aided by image processors are doing wonderful 
things: car manufacture, packaging chips, and inspecting 
medicines, to name a few. Yet, it is to be emphasized 
that these automatons accomplish these jobs only under 
controlled conditions: lighting must be strictly modu¬ 
lated and objects must be carefully positioned to avoid 
ambiguities. If robots are to replace humans in every¬ 
day-life - on farms, construction sites and the like-they 
must be able to cope with a far more bewildering array 
of sensory data. 
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Biological vision 

The human visual mechanism operates at an incredible 
speed of 3-6 ms to form a coherent image during the 
day, and 100 ms to form an image at night. Therefore, to 
the human eye, vision seems instantaneous, and we are 
usually unaware of the visual processing that is taking 
place. 

In some primitive creatures, much of the information 
processing is done by the eye itself, and hence the eye 
can be called a mini-brain! However, more advanced 
creatures actually ‘see’ with their brains, since the 
trigger cells that respond to specific shapes and colours 
are found in the visual cortex itself. But even the human 
eye edits the visual information that comes to it. Each 
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eye has approximately 125 million photoreceptors, but 
there are only one million ganglion cells leading to the 
optic nerve that forwards the visual signals to the brain 
(Figure 2). Much of what the eye sees never reaches the 
brain. 

From the physics of the human vision system, it is 
evident that the images formed on our retinas are upside 
down. From two such inverted two-dimensional 
projections of the three-dimensional world, the brain 
interprets the image ‘right-side-up’ and in three 
dimensions! Of course, the eye also uses visual cues, 
such as distance and texture, to make sense of the 
images it receives. 

Neural architecture 

In humans, the cerebral cortex almost completely 
envelops the rest of the brain. It is very complex, not 
only structurally but also in its functions. Vision is 
supposed to provide the brain with nine-tenths (?) of the 
information coming from all the senses. Humans per¬ 
form recognition and other related activities (including 
locomotion) in a highly complex world of nonstationary 
objects under variable lighting conditions. The two 
special characteristics of the human visual system are: 

• Visual processing is done not in a single stage but in 
multiple stages, not just hierarchically (see note 7) 
but rather heterarchically (Figure 3). This is a 
consequence of the physiological structuring^ (or 
architecture) of the retina - visual pathway - visual 
cortex mechanisms (Figure 2d). 

• Massively parallel computation. 

The hierarchy refers to the representation of visual 
data in increasing abstraction - from the image intensity 
on the retina to changes in (i) intensity (used for stereo 
perception), (ii) surface composition, (iii) location, (iv) 
orientation, (v) end points of features, (vi) distance, (vii) 
reflectance and the like to the symbolic interpretation of 
the visual scene. Some intermediate representations are 
believed to be necessary before object recognition takes 
place. This seems to be one of the ways to achieve 
reliable correlation between our perceptions and the 
objects in the world, in spite of varying illumination and 
other factors. However, the contribution of high-level 
knowledge and inferential procedures to the vision 
process is not clear. 

In this multilayered structure, two types of flow of 
information are involved: 

• The (direct) flow of information is from the receptors 
(in the retina) through early processing to higher- 
level vision. These computations are organized as 

Figure 2. a. Block schematic representation of the human visual 
system; A, essential elements of the visual pathway; c, some details 
of the retinal structure; d, block schematic of the visual pathway. 
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Figure 3. Hierarchical analysis of the image data. 
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in the form of 
zero crossings 


channels { or different ’scales' ) 


(spatial - frequency tuned ) 


Early stage of visual information processing 
Figure 4. Multichannel processing of the retinal image. 

sequences of filter-like operations within a set of 
parallel channels (Figure 4). At this level (or levels), 
signal processing operations can be handled in terms 
of linear (and nonlinear) systems and information 
theory. 


• The feedback flow .of information is from the later 

stages of processing, which modify and control the 

earlier stages (Figure 3). 

Interactions between direct (or afferent) and feedback 
(or efferent) processes can be regarded as a form of 
cooperative computation, which forms the basis for 
some of the present-day models of visual processes. 

Structure of the visual pathway 

The output from each eye is conveyed to the brain by 
about a million nerve fibres grouped together in the 
optic nerve. These fibres are the axons of the ganglion 
cells of the retina, (Figure 2 c). The messages from the 
light-sensitive elements, the rods and cones, pass 
through two to four synapses, and involve four other 
types of retinal cells before they reach the ganglion 
cells. In this path, a certain amount of analysis of retinal 
image takes place. 

A large fraction of the optic-nerve fibres pass 
uninterrupted to two nests of cells deep in the brain 
called the lateral geniculate nuclei, where they make 
synapses (Figure 2d). The lateral geniculate cells, in 
turn, send their axons directly to the primary visual 
cortex. However, the primary visual cortex is, probably, 
an early stage in processing the signals in terms of the 
degree of abstraction involved. Each geniculate and 
each cortex receives input from both the eyes, and each 
is concerned with the opposite half of the visual world. 
One subdivision of the cortex is the primary visual 
cortex (also known as the striate cortex or area 17), the 
most elementary of the cortical regions concerned with 
vision. The cortex is subdivided into areas having 
widely different but, in general, ordered functions. The 
flow of visual information is first to a primary cortical 
area and from there, either directly or via the thalamus, 
to a succession of other more specialized and complex 
cortical areas. 


Neural processing 

The retina of the (human or a biological) eye converts 
raw light into the nerve signals that the brain interprets 
as visual images. It is by comparing the signals from an 
array of visual cells that the retina and the brain build up 
a picture of the colour, shape and brightness of the 
outside world. 

Rods are sensitive to low light levels and cones to 
higher ones. Furthermore, the cones themselves can alter 
the range of light intensities to which they respond, 
depending upon the average long-term brightness in a 
scene. This is an adaptive mechanism and accounts for 
the fact that when we step into bright sunlight from 
semidarkness, we experience the scene as washed out 
and overexposed. 
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Figure 5. Centre-surround configuration: on-off, off-on cells. 


The bipolar cells do not respond to the absolute 
brightness of the scene but only to the difference 
between the photoreceptor signal and the local average 
signal as computed by the horizontal cell network. 

Real vision needs movement-sensitive and edge¬ 
enhancing functions of the amacrine and ganglion cells. 
Additional neural circuits are needed to recognize the 
patterns that the retina generates. 

It has been found by electrophysiological experiments 
that both retinal ganglion and geniculate cells respond 
best to a roughly circular spot of light of a particular 
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size in a particular part of the visual field. Each cell’s 
receptive field (the patch of retinal receptor cells 
supplying the cell) is divided, with an excitatory centre 
and an inhibitory surround (an ‘on-centre’ cell) or 
exactly the reverse configuration (an ‘off-centre’ cell). 

This is the centre-surround configuration (Figure 5). 

Because these cells have circular symmetry, they 
respond to a line stimulus (a bar of light), whatever its 
orientation. 

The signals from neighbouring visual cells may 
interact with each other; they may be added together so 
that their sensitivity is the sum of their receptive areas 
or they may inhibit each other. The signal from a group 
of cells or facets may be inhibited when cells 
surrounding their receptive field receive the same kind 
of stimulus (phenomenon of lateral inhibition). The 
signal produced by a patch of light falling on the central 
field will increase as the area of the patch increases until 
it fills exactly the receptive area. Henceforth, as the 
patch is increased further, the signal will actually 
decrease when the light begins to impinge on the 
inhibitory surround. The centre-surround organization is 
believed to enhance contrast perception, but to leave 
visual acuity unaffected. i 

The various salient features of the pattern - moving 
edges, either dark or light, the presence of moving dark 
spots, characteristic spatial frequencies in the pattern, 
and edges or spots moving in particular directions - are 
abstracted by the neural retina and transmitted inwards 
to the brain. The task of the cortex for the processing of 
visual information is different from that of the eye as an 
optical system. The eye, retina and lateral geniculate 
nucleus preserve essentially the spatial arrangement of 
the retinal image; the cortex transforms this geometry ^ 

into abstract concepts. 

Interestingly, it was found, based on the work of Cajal 
and de No (see reference 5), using the Golgi method, 
that the operations the cortex performs on the infor¬ 
mation it receives are local. Further, the brain’s wiring 
pattern ensures that closely related information is 
mapped onto neighbouring groups of neurons. As an 
example, the cortical areas that perform the early 
processing of visual information preserve the spatial 'i 
relations of the image. 

The information on vision is relayed from one cortical ; 

area to the next, and the mapping of information f 
becomes progressively more blurred, and the infor¬ 
mation carried more abstract. 

There is a wide variety of cell types in the cortex, j 
some simpler and some more complex in their response 
properties, the simpler cells feeding the more complex ^ 
ones. Simple cells are orientation-specific and sensitive , 
to the location of the oriented line. According to some 
researchers, these simple cells have receptive fields 
composed of several parallel elongated excitatory and 
inhibitory regions, modelled mathematically by the so- 
called Gabor function. Each receptive field can be 
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characterized by a (radial) spatial frequency, corres¬ 
ponding to the inverse of the distance between bright 
bars, and by an orientation. The cell responds to a range 
of frequencies and orientations about its centre values. 
An important discovery is that the receptive field of 
each cell occupies a patch that is mych smaller than the 
total frequency region to which the ensemble of cells is 
sensitive (see note 8). 

More numerous are the orientation-specific complex 
cells, which are less particular about the exact position 
of a line. Complex cells behave as though they received 
input from a number of simple cells, all with the same 
receptive-field orientation but differing slightly in the 
exact location of their fields (see note 9) [see Reference 
5b for the results of experiments (using micro¬ 
electrodes) on the visual brain of the cat]. Certain brain 
cells respond to specific patterns at the eye, other brain 
cells to other patterns; some cells respond to movement 


in one direction but not the opposite or any very | 
different direction; other cells respond to lines oriented | 
at a certain angle and others to corners. | 

Hubei and Wiesel^ have also found that pattern | 
information of various kinds is brought together in | 
‘columns’ arranged at right angles to the clearly visible 
layers of the striate cortex. Such a structure seems to 
solve the problem of how the brain relates together not i 
only three spatial dimensions but also colour, movement 
and other object characteristics. 

Stereo vision 

The visual cortex also combines the inputs from the two 
eyes. If two objects are separated in depth from the 
viewer, then the relative positions of their images will 
differ in the two eyes. The process of stereo vision,, in 
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Figure 7. Natural images of objects. 


essence, measures this difference in relative positions, 
called the disparity, and uses it to compute depth 
information for surfaces in the scene. 

In primates and other species, binocular vision leads 
to depth perception, which is achieved in part by 
comparing the images from the two eyes. It has been 
discovered by Julesz^"^, using some ingenious experi¬ 
ments, that form perception does not precede depth 
perception and that only ‘local’ contrast or texture 
comparisons are needed. Julesz achieved this by 
presenting each eye of a human subject with the same 
pattern of random dots, except that a region of dots in 
one, image was displaced horizontally. The region so 
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displaced is perceived by the subject as a surface at a 
different depth than its surround. See Figure 6 for the 
stereo pair which has to be seen by a stereoscope for 
perception of the three-dimensional multiple plane 
structure shown in the lower half of the figure. 

Mathematical modelling of vision 

The realization among researchers in vision now is that 
an understanding of biological vision is important in the 
attempt to create robots endowed with vision. Therefore, 
it is not surprising that vision system builders are 
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looking for inspiration in biology. Mathematical modell¬ 
ing of vision is based on psychophysical/neurophysio¬ 
logical experiments on a biological system. 

The scientific results emanating from neurophysiology 
and psychology usually do not address themselves 
directly to the issues arising out of the analysis of the 
so-called real and natural scenes (of the type shown in 
Figures 1 and 7). In neurophysiology, the input stimulus 
signals generally used are rectangular on-off pulse 
trains of light, simple periodic sinusoidal variations or 
moving versions of these. Such inputs present a very 
confused picture to anyone wishing to specify a 
computer model for perception. Here the emphasis is on 
monochromatic stimuli such as small objects (for 
example, circles or squares) against a uniform back¬ 
ground, lights, characters and line drawings. Rarely is an 
actual picture of a Veal environment, such as an office 
scene or suburban street scene, ever employed. 

Hubei and Wiesel^ and others have experimentally 
discovered, in the visual system (in the cat and other 
mammals), networks of cells which are selectively 
responsive to such features as the direction of a contour, 
rate of change of brightness, and curvature of the 
contour. Any (perceptual) model, if it has to be 
mathematically complete, will have to assume the 
existence of modules (or banks of filters) operating on 
the input in order to extract (at least in a preliminary 
way) cues which are passed on to the next stage for 
further processing/abstraction. 

In the attempt to model the visual system, it would be 
helpful to treat the process of vision as occurring in 
three (four) stages (Figure 2 a): 


1. Optical stage, when an image of the outside world is Black 


play a key role in the process. They proposed that edge 
information is extracted in part in the retina, via lateral 
inhibition between retinal neurons, and that in the cortex 
there is an inverse process ~ lateral excitation - whereby 
the brightness of a patch of the image (bounded by 
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4. Possibly, the (last) stage that marks the consciou 
awareness of a visual display. 

The neural net modelling of various aspects of visual 
perception started with Pitts and McCulloch’s paper^^ on 
pattern recognition. Land and McCann^^ were among the 
first ones to demonstrate that edges in the retinal image 
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Figure 8. General schematic diagram for the derivation of the 
‘primal sketch’. 


More realistic conditions 


Figure 9. a. One-dimensional Gaussian and its second derivative 
(i.e. a cross-section of the Laplacian of the Gaussian): spatial and 
frequency characteristics at one ‘scale’; b, consequences of applying 
the second derivative of the Gaussian to the (cross-section) of an 
ideal and a realistic ‘step edge’. 
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edges) is computed. The principal hypothesis is that a 
major function of the visual cortex is to compute 
invariants of the scene at different levels of abstraction. 

Explicit inodeUirig results 

Perhaps as a first step towards answering the question of 
the Turing type, MarrLs book*^ investigates the question 
‘What does it mean, to see?’ His research has pro¬ 
vided quite an interesting framework for understand¬ 
ing how humans interpret visual information (see 
note 10). 

In his formulation of the model of early vision^^ the 
vision problem begins with a large grey-level intensity 
array and culminates in a description that depends on 
that array and on the purpose for which it is being 
viewed. The first step of consequence is to compute a 
primitive but restrictive description of the grey-level 
changes present in the image, and then to implement all 
subsequent computations as manipulations of that 
description. The description itself is called the primal 
sketch (as indicated in a grossly simplified schematic 
diagram in Figure 8). According to Marr and Hildretlr^, 
in their attempt to model the early processing of 
information by the human visual system, the image is 
first processed independently, through a set of different 
size operators (see note 11) whose shape is the 
Laplacian of a Gaussian A^g(x, y) (which is a rotatio- 
nally invariant second-derivative operator), where the 
function g(jc, y) is the Gaussian function of two variables 
whose size is controlled by the variance parameter <j. 
The loci, along which the convolution outputs cross 
zero, mark the positions of intensity changes at different 
resolutions. These changes often correspond to what we 
intuitively call, ‘edges’, and are the consequence of a 
change in some physical property of a surface: 
reflectance, geometry or incident illumination. See 
Figure 9 for the one-dimensional representation of the 
Laplacian of the Gaussian and for the consequences 
(also in one-dimension) of its operation on an ideal and 
a realistic ‘step’ edge. 

A sharp change in the intensity will give rise to a peak 
in the output of a first-derivative operator (see note 12), 
or, equivalently, zero crossing in the output of the 
second derivative. These zero crossings can be 
described by their position, slope of the convolution 
output across zero, and the two-dimensional orientation. 
The set of descriptions from different operator sizes 
forms the input for later visual processes, such as 
stereopsis and motion analysis. 

Distinct from the above approach, Zucker^ presents 
the new trends, involving the ‘tangent field’ for the 
detection of boundaries of objects in a scene. According 
to Zucker, these are supposed to open up ‘intrigu¬ 
ing’ biological and mathematical connections (see 
note 13). 


However, there does not seem to exist a definitive 
account of the way in which the cortex actually 
processes the edge information. 

Consider the two distinguishable patterns^^ in Figure 
10, which are synthetically generated. The essence of 
this generation is that a sinusoidal pattern (of frequency 
co\) in the horizontal direction is modulated in the 
vertical direction by another sinusoidal pattern of 
frequency oh, the amount of modulation being restricted 
by the frequencies 0)\ and oh- fhe patterns so generated 
are clearly distinguishable. But their zero crossings (or 
contours obtained according to the Marr model of 
blurring by a gaussian function, and taking the second 
derivative of the resulting image) are the same vertical 
lines. 

More generally, a drawing of a scene adequately 
represents the scene, despite the very different grey- 
level image to which it gives rise. The results of many of 
the edge detection algorithms which have been proposed 
for extracting line drawings from natural images have 
proved to be generally unsatisfactory. Doesn’t this imply 
that even an adequate line drawing of a scene cannot be 
computed unless hypotheses about what is present are 
allowed to influence processing strategies? 

Stereo-perception modelling 

Marr^ and Marr and Poggio^“ made explicit the steps 
involved in measuring stereo-disparity from the stereo 
pair of images: (i) a particular location on a surface in 
the scene is selected from one image; (ii) the same 
location is identified in the other image; and (iii) the 
disparity between the two corresponding image points is 
measured. The difficulty of the problem lies in steps (i) 
and (ii), that is, in matching the images of the same 
location, the so-called correspondence problem. 

Dev“^ and Marr and Poggio^“ proposed a neural net 
implementation of the Julesz model. In this model, 
neurons in the visual cortex (excitatory interactions of 
neighbouring units signalling the same depth, and 
inhibitory interactions otherwise) are monocularly 
driven, and can signal the depth of a local patch of the 
surface of an object. 

In this context, random-dot stereograms (of the type 
shown in Figure 6) are particularly interesting because 
when one tries to set up a correspondence between two 
arrays of dots, false targets occur in profusion. A false 
target refers to a possible but incorrect match between 
elements of the two views. In spite of such false targets, 
and in the absence of any monocular or high-level 
cues, we are able to determine the correct corres¬ 
pondence. Thus, the computational problem of human 
stereopsis reduces to that of obtaining primitive 
descriptions of locations to be matched from the images 
and solving the correspondence problem for these 
descriptions. 
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Figure 11. Patches of black and white giving rise to the perception 
of a dog. 
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Figure 12. Pattern of circles and squares. 

Mathematically difficult perceptual processes 

The human visual system has a highly developed 
capability for detecting many classes of patterns having 



Figure 13. The so-called glass pattern. 
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Figure 14. Beck’s textural image. 


properties of, for instance, symmetry, collinearity, 
parallelism and connectivity. 

A major role is played by the process of perceptual 
organization (see note 14), in which groupings are 
formed directly from the spatial structure of the image 
without prior knowledge of its contents. Refer to 
Figure 11, containing mere patches of white and black, 
but still leading to the perception of an object (dog) in 
the scene. Under this category, one includes figure- 
background phenomena, segmentation, Gestalt percep¬ 
tion and others. 

The Gestalt psychologists, in the early part of the 
century, made much play of perceptual organization, in 
which stimulus patterns are organized into ‘wholes’ 
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Figure 15. Pattern of white circles (of gradually decreasing sizes) 
against a dark background, which are perceived as surfaces. 

(Gestalten). Patterns of dots were used in an attempt to 
establish the laws of organization^"^’^. A typical 
principle is shown in Figure 12: The circles and the 
squares are seen separately, each forming rows. This 
demonstrates that similarity is a factor in perceptual 
grouping. 

In the glass pattern (Figure 13), we see and recognize 
many black dots on a white paper, but we also recognize 
circular groupings. 

The textural image of Figure 14 (ref. 26) contains 
simply u’s and inverted u’s. We can distinguish between 
the upper and the lower halves in this image. This is 
apparently accomplished by the long horizontal 
groupings (or segmentation). 

A human observer can easily understand the shapes of 
the surfaces whose images are shown in Figures 15 a, A. 
Even though some computational theories for the 
description of the above perceptual processes have been 
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proposed^^, they are not satisfactory when applied to 
natural images. 

Illusions as counterexamples (to current theories)? 

There are also instances in which we see things not in 
the image as such; these are called illusions. See, for 
example. Figure 16, wherein we perceive a bright disk 
within the lines/regions, although the luminance is the 
same throughout the image. 

Optical illusions seem to provide an important insight 
into the biological retina’s role in reducing the 
bandwidth of visual information and extracting only the 
essential features of the image (see note 15). The 
illusions are created because the retina encodes the 
visual information selectively. 

Perceptual illusions involve a wide range of stimulus 
properties, including luminance, colour, size, shape, 
orientation, distance and velocity. They are not yet fully 
understood, and the number of theories proposed to 
explain them is almost as great as the number of effects 
so far discovered. 

The first type of illusion concerns the adaptive 
response of the visual system to fields of parallel lines. 
Figure 17 a, for example, has a high degree of contour- 
directional redundancy. After looking at it for a while 
and looking away, one sees a curious pattern of wavy 
circles. 

With Figure \1 b, on the other hand, one sees wavy 
radial streamers as an afterimage. A general description 
could perhaps be that after exposure to near-parallel 
lines in one direction, the visual system seems to be 
hypersensitized to a direction roughly orthogonal to the 
direction of the stimulus. This leads to the possible 
existence of networks, in the (human) visual system, 
specifically sensitive to direction and capable of 
adapting to direction in such a way that our colour- 
sensitive mechanisms tend to adapt to colour, so that 
complementary directions tend to be seen after exposure 
to a given direction just as complementary colours tend 
to be seen after exposure to a given colour. 

The Hermann grid (Figure 18) is an array of black 
squares. Although the white grid has equal luminance 
throughout, small grey circles can be seen at each of the 
intersections. These differences in perceived luminance 
cannot be measured by a photometer; they are not 
present in the physical stimulus. We see the grey circles 
because of the way the visual system processes adjacent 
areas of dark and light. 

Artificial neuron modelling 

Extending the results of McCulloch and Pitts and 
Hebb^, the present-day connectionists hold that the 
abstraction from the given image of a scene can be 
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Figure 17. a, Ray pattern giving rise to complementary images; b, circular pattern giving rise to similar complementary images. 
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Figure 18. Hermann grid. 


Boundary 
contour system 



Figure 19. Grossberg model of human perception. 


described in terms of the synaptic strengths in the neural 
network”^. Given that the entire behavioural response is 
realized in a few hundred milliseconds (using the slow, 
also millisecond) neural circuitry of the brain, it appears 
that the connectionist models of (visual) perception 
seem to be the only way to achieve these response times. 

Perhaps, motivated by such a consideration, some 
attempts have been made to create a 'connectionistic' 
neural model for the visual cortex. For instance, von der 
Malsburg^^ considers a nerve net model (for the visual 
cortex of higher vertebrates) which consists of 338 
neurons forming a sheet analogous to the cortex. These 
neurons are connected randomly to a ‘retina’ of 19 cells. 
With the stimuli in the form of light bars, a learning 
procedure is given for the organization of orientation 
selectivity of single units. 

In a different framework, Grossberg et contend 

that some perceptual phenomena can be explained by 
their new model, consisting of three subsystems: 
boundary contour system (BCS), feature contour system 


(FCS) and object recognition system (ORG). These 
subsystems are supposed to interact to generate a 
representation of the physical world as the output of a 
sequence of operations on the human retinal image. This 
model is supposed to explain how our visual systems are 
designed to detect relatively invariant object boundaries 
in spite of noise and to recognize objects in an environ¬ 
ment subjected to occlusion. See Figure 19 for a 
schematic of the Grossberg model. 

For pre-attentive vision, Grossberg et report 

that BCS and FCS lead to emergent boundary 
segmentation and featural filling-in. This architecture is 
claimed to clarify how scenic data about boundaries, 
textures, shading, depth, motion and other types of 
information can be cooperatively synthesized in real 
time into a coherent representation of three-dimensional 
form. 

We have recently presented the actual results of some 
computational experiments on the Grossberg neural 
network model for brightness perception^^. However, on 
implementation of the brightness perception and texture 
boundary detection Grossberg models, it has been found 
that the outputs do not match the predicted results. The 
model definitely needs to be changed, but what changes 
are to be made are not known. 

Fukushima^^ has attempted to create an artificial 
neural network architecture which is ostensibly similar 
to the neuronal structure as described by Hubei and 
Wiesel^ to recognize two-dimensional patterns. It has 
been found that the performance of this is far from 
satisfactory^"^. 


Conclusions 

The success of the venture to create a machine vision 
system can lead to a bridge between neurobiology and 
information sciences. One of the new views of infor¬ 
mation processing is that analog systems may be able to 
solve problems found intractable by conventional digital 
methods. 

Many of the results in the literature on modelling of 
perceptual processes involved in the recognition of 
patterns/objects in natural scenes appear to be unsatis¬ 
factory. Some of the images which are not adequately 
analysed by the current theories of perception have been 
presented in this paper. 

With the invasion of computers into human activities, 
a topical question is: Can one design a machine to 
replace the human visual system and, more significantly, 
give ‘artificial sight' to the blind people? Conversely, 
can the mathematical analysis of the human vision 
system help us to understand the visual cortex behaviour 
itself? For related studies, see References 35-37. 
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Notes 

1. This separability is the foundation of the science of artificial 
intelligence. 

2. Some fundamental questions come up for analysis: Are ‘seeing’ 
and ‘thinking’ mathematically the same, or is one a subset of the 
other? Can ‘seeing’ also be reduced to the ‘digital’ paradigm as 
thinking, the way Turing does? 

3. It is generally accepted that the retina’s nerve cells function as 
complex analog processors. The connections between these 
cells, the characteristics of their connections and the shape of 
the cells themselves all seem to play a major role in determining 
the basic parameters of analog processing. In this context, see 
reference 8 for the analog paradigm suggested as a model for 
retinal processing. 

4. Unless, of course, one merely asserts that this question is 
equivalent to Turing’s original question. 

5. Ullmann‘If you consult a heart specialist you can be assured 
that he knows fairly accurately how the heart works, but a 
person who consults a psychiatrist has no such assurance 
concerning the brain.’ Can’t one here replace the word 
psychiatrist by psychophysicist or even a neurobiologist? 

6. Object identification is for the most part a matter of form 
perception. Form may perhaps be described as a set of properties 
that are invariant over certain transformations (like brightness 
and colour). Sometimes visual form is restricted to properties of 
contours which may be generated by discontinuities in 
psychological properties of light other than brightness, i.e. hue, 
saturation and texture. 

7. In the so-called early vision, information is represented in a 
spatial rather than symbolic form. This corresponds to the first 
few layers of the hierarchy. 

8. This is interpreted as implying the existence of multiple 
channels in the visual system. See reference 12. 

9. This is, possibly, the motivation for Fukushima’s*^ structure of 
the ‘neo-cognitron’ for pattern recognition. Discussed later and 
in Reference 34. 

10. It is curious that Marr has been quoted as having said*^. ‘He did 
not much mind if any of his theories failed to find experimental 
verification.’ True enough, patterns can be generated which are 
discriminated by humans but not by the Marr model of 
computing the zero-crossings. See Reference 18 and the 
discussion below. 

11. These findings are consistent with the discovery of Hubei and 
Wiesel^ that at each cortical location there exist many neurons 
with differing receptive field sizes. See also Reference 21. 

12. Edge detection amounts to numerical differentiation, which 
leads to (mathematically) difficult problems - the so-called ill- 
posedness. 

13. However, the illusory contour problem, which was used by 
Zucker* as an example to show the inadequacy of the classical 
approaches, is also surprisingly left out of the new framework. 

14. Any visual task performed spontaneously without effort or 
deliberation is regarded as a perceptual task. 

15. As also for isolating and investigating the sensory and cognitive 
processes associated with normal perception^*. 
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Ethology is the science of the study of animal 
behaviour. Begun as a passion and pastime of just a 
few individuals, ethology has grown into an 
elaborate scientific discipline with ever widening 
horizons. After a brief discussion of the history of 
ethology, I give a few examples of excellent 
ethological research which could easily have been 
done anywhere in India but were not! I then give a 
few examples of ethological research that were done 
in India and discuss briefly why so little ethology is 
done in India although it is an obvious choice for 
Indian biologists embarking on a research career. I 
argue that the study of animal intelligence provides a 
unique opportunity for Indian ethologists to provide 
international leadership. Ethologists have tradi¬ 
tionally avoided the question of animal intelligence. 
The main justifications for this attitude are that 
animal intelligence cannot be defined, many animals 
such as insects have too small brains for intelligence 
and that we do not have unequivocal examples of 
animal intelligence. None of these justifications are 
satisfactory and there is a strong case for the study 
of animal intelligence. I give a number of examples 
from ray study of primitively eusocial wasps that 
strongly suggest complex, intelligent behaviour and 
speculate that cognitive abilities of the wasps and 
other insects may have played an important role in 
social evolution. 


Ethology is the science of the study of animal 
behaviour. But, to quote Medawar and Medawar^ it ‘is 
not merely an alternative designation of the science of 
behaviour: it is a term that stands for a genuine revolu¬ 
tion in biological thought. Ethology is rooted in the 
observation of animal behaviour, an activity that only 
simpletons think simple. ... observation is a difficult and 
sophisticated process calling upon all the intellectual 
virtues: attention, patience, heightened awareness, caution 
in coming to conclusions, courage in framing expecta¬ 
tions’. It will be one of my endeavours to demonstrate 
that ethology has lived up to Medawars’ expectations! 

A rapid history of ethology 

A definitive history of ethology has not been written 
although it eminently deserves to be. The following is 
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then my own ad hoc history. I think it is reasonable to 
recognize five phases in the development of ethology. 
The first may be called pre-ethology and happened prior 
to about the 1940s. During this phase animal behaviour 
was the passion and pastime of a few eccentric people, 
far from an organized academic activity. Notable players 
of the game during this period were: Charles Darwin^, 
who wrote The Expression of the Emotions in Man and 
Animals; the Russian physiologist Ivan Pavlov, who 
discovered classical conditioning; the inimitable 
German, Jakob von Uexkiill^, who used the lowly tick to 
show that each animal lives in its own sensory world or 
Umwelt; and Douglas Spalding"^, a family tutor to the 
Bertrand Russell household, for whom it appears that 
the bright Russell children left enough time to do 
experiments on newly hatched chicks and prove that 
they are born with an innate ibility to peck accurately at 
grain on the ground. 

The second phase may be called classical ethology 
and lasted from about 1940 to about 1960. This period 
was characterized by two bitterly opposed schools of 
activity-the ethologists in Europe and • the 
behaviourists in North America. Niko Tinbergen and 
Konrad Lorenz, being prominent amongst the 
ethologists, formulated the systematic observational 
study of animal behaviour under natural conditions'’^. 
Behaviourists like Watson and Skinner^ sought to treat 
virtually any available animal as a black box and use it 
in extremely well-controlled artificial laboratory 
conditions with the hope eventually of understanding 
human behaviour. Not much came out of this hope but 
the experimental and statistical techniques that they and 
their followers developed are coming in handy as the 
ethologists are maturing into doing more and more 
experiments. 

The third phase is that of modern ethology, which I 
argue lasted for just about ten years in the 1960s but had 
a profound influence on the future of ethology. Two 
activities of great significance can be traced back to this 
period. One is the integration of ethology and 
neurobiology to give rise to neuroethology in the hands 
of such people as Hess^, Mailman^, Griffin^*^ and others. 
The second is the shedding of the naive interpretation of 
natural selection as acting for the good of the group or 
species and the realization that, except under very 
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special circumstances, the good of the individual 
(selfishness) overrides the good of the group (altruism). 
This idea, championed by people like Williams^^ and 
formalized by Hamiltonwas directly responsible for 
the subsequent growth, the present widespread practice 
and the glorious future expected of ethology. 

The fourth and present phase is often labelled as 
behavioural ecology and sociobiology^^~^^. I reckon its 
beginning in about 1970 and predict that it will lose its 
identity in the process of giving rise to an extremely 
multidisciplinary, as yet, unnamed field of activity 
around the turn of the century. The central theme of the 
present phase of ethology is to understand every aspect 
of animal behaviour as an efficient adaptation 
engineered by natural selection. One can get a glimpse 
of the nature of behavioural ecology and sociobiology 
by glancing at its favourite topics of research: The 
economics of animal behaviour; Prey-predator co¬ 
evolution; When to live in groups; The battle of the 
sexes; Selfishness and altruism, and so on. 

The fifth phase is that of the future, which will hardly 
be recognizable as the offspring of the previous phases. 
There is no doubt that it will draw together such 
apparently diverse fields as population biology, 
physiology, ecology, genetics, evolution, molecular 
biology, ethology, anthropology, psychology, sociology, 
botany, economics and political science. One only has to 
look at the following titles of recent research to see that 
this is no exaggeration. Consider, for example: Seed 
abortion in plants - parent-offspring conflict or sibling 
rivalry; The wave of advance model for the spread of 
agriculture; Evolution times of languages; The dynamics 
of a heroin addiction epidemic; Co-operation amongst 
nations as a prisoner’s dilemma game; B-chromosome in 
a parasitic wasp - the most selfish DNA known! 

Some fine examples of ethologicai research 

I give below four of the many possible examples of the 
finest pieces of modem ethologicai studies. The 
examples are chosen not only to justify Medawars’ 
description of ethology but to show how each one of 
them could so easily have been done by any biologist 
employed in the remotest of Indian universities. 

Competition for resources 

Competition for limited resources is a nearly universal 
fact of life for most animals. Indeed, natural selection, 
based as it is on the struggle for existence, is a direct 
consequence of such a competition. When there are 
habitats of differing qualities but none can be defended 
or monopolized, animals should be expected to adjust 
their distribution between habitats such that each 
individual enjoys the same success. This has been 
termed as ideal free distribution^^. But are animals 
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capable of distributing themselves in this fashion? 
Milinski'^ did a simple experiment with six fish in a 
tank and provided them with a certain quantity of food 
at side A and twice the quantity of food at side B of the 
tank. Within minutes there were two fish at side A and 
four at side B. When the quantities of food between the 
sides were reversed, the fish quickly adjusted them¬ 
selves so that there were four fish at side A and two at 
side B. Clearly, the fish must have kept sampling the 
rate of food yield on both sides from time to time and 
stayed at the most profitable location at any given time. 

Even when the resources can be defended, ideal free 
distribution may occur. Whitham^^ studied a gall-making 
aphid in which stem mothers settle down on the leaves 
of the narrow-leaf cotton wood Populus angustifolia to 
make galls and reproduce parthenogenetically. More 
offspring are produced on larger leaves but the number 
of offspring decreases as more and more stem mothers 
make their galls on a given leaf One should expect that 
settling dovni on a smaller leaf must sometimes be as 
good as settling down on a large but crowded leaf 
Whitham’s measurements produced the remarkable 
result that the average success of stem mothers at 
different levels of crowding was the same. This is 
because if the aphids wanted to be alone they had to 
settle for a smaller leaf and if they went for a large leaf 
they had to live with neighbours. In addition, however, 
the stem mothers arriving on a leaf engaged in sparring 
matches to occupy positions close to the mid rib, which 
has the highest amount of sap and thus leads to the 
largest number of offspring. What this means, of course, 
is that biological systems have endless richness and that 
the deeper one probes the more one understands. 

Sex change in fishes 

Many species of fish are known to change their sex 
midway through life. It is true that this is possible 
because of their labile system of sex determination, but 
what might be the evolutionary advantage of doing so? 
Even more puzzling is the fact that some species first 
become males and then females (protoandry) while 
others choose to start as females and then become males 
(protogyny). Should one treat this as a quirk or look for 
an adaptive explanation for protoandry and protogyny 
too? The philosophy of the ethologist is to keep looking 
for adaptive significance at every possible place, for 
assuming that something is just a quirk and not the result 
of natural selection amounts to giving up and ceasing to 
unravel the mysteries of nature. 

Wamer^^ and others have developed a theory of the 
evolution of such sex change. Like most other animals, 
fish grow in size as they grow older. If the advantage of 
being large is greater for one sex than for the other, then 
a winning strategy would be to be of that sex when 
young and small for which small size is not as much of a 
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disadvantage and change over to that sex when old and 
large for which large size is particularly advantageous. 
In many species larger females produce more eggs than 
smaller ones and so it is advantageous for females to be 
large. In those species where there is intense male-male 
competition, however, small males fare so poorly 
compared to large males that being a small male is much 
worse than being a small female. The prediction then is 
that in those species where male-male competition is 
intense, one should see protogyny and in those species 
where male-male competition is not so intense, one 
should see protoandry. Indeed, this does seem to be the 
pattern observed in nature. Species such as the blue¬ 
headed wrasse show intense male-male competition and 
protogyny. On the other hand, anemonefish such as 
Amphiprion show less male-male competition and 
protoandry. 

Nepotistic bee eaters 

In many species of birds such as the Florida scrub jay, 
the Galapagos mocking bird, the jungle babbler, the 
acorn woodpecker, the pied kingfisher, the splendid 
wren and the white-fronted bee eater, some individuals 
postpone breeding and help other breeding pairs of their 
species in the often difficult task of rearing chicks^®. 
Typically, helpers contribute to feeding the chicks, 
feeding the parents and guarding the nest. The obvious 
question is why should helpers help? To answer this 
question, Emlen and Wrege sexed (by laparotomy, 
because the sexes cannot be identified externally), 
individually marked and intensively observed a large 
population of the white-fronted bee eater in lake Nakuru 
in Kenya. They found that this species, which 
incidentally is a close relative of our very common small 
green bee eater (one more reason why similar research 
could easily have been done in India!), lives in extended 
family units or clans. In each breeding season numerous 
clans aggregate to form large colonies of about 200 
birds each. About 50% of all nests have at least one non¬ 
breeding helper. Every year Emlen and Wrege^^ 
painstakingly recorded, for every nest, the number of 
helpers, the identity of the breeders and that of the 
helpers, the clutch size, hatching success and fledgling 
success. In addition, they were able to determine 
the genetic relatedness between the helpers and the 
helped. 

With such data Emlen and Wrege^^ tested different 
hypotheses for how helpers might benefit from helping. 
They found no evidence that an individual increases the 
chances of its survival by being a helper, nor did they 
find that helpers are more likely to become breeders in 
the future. Those that did become breeders were not 
significantly more successful than those without prior 
experience as helpers. However, helpers significantly 
increased survival of the nestlings and helped only when 
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Figure 1. Individuals of the primitively eusocial bee Lasioglossum 
zephyrum were raised in the laboratory. In artificially constituted 
laboratory colonies guard bees were presented with intruder bees 
whom they had never encountered before. But these intruders were, 
in fact, related to the guard bees as sisters, nieces, cousins or were 
unrelated to them. The probability of acceptance into the nest of the 
intruder bee by the guard bee was significantly positively corre¬ 
lated with the average genetic relatedness between guard and 
intruder bees. After Greenberg^^ (© AAAS; reproduced with 
permission). 

they were rather closely related to the nestlings. In other 
words, Emlen and Wrege found clear evidence against 
hypotheses based on direct benefit to helpers and strong 
evidence in favour of indirect benefit to helpers 
postulated by the inclusive fitness theory of Hamilton^^ 
For more details of this study, see also reference 21 

Kin recognition 

Hamilton’s^^ inclusive fitness theory or the theory of kin 
selection, as it is often called, predicts that animals 
should be more altruistic towards their close genetic 
relatives and relatively less so to non-relatives or distant 
relatives. An obvious question then is whether animals 
can distinguish their close relatives from non-relatives 
or distant relatives. For some 15 years after the 
publication of Hamilton’s seminal papers, ethologists 
did not investigate this question: they assumed that by 
indirect factors such as familiarity or physical 
proximity, animals would automatically differentiate 
close from distant relatives. 

In 1979 Greenberg^^ set out to investigate whether 
animals have a direct way of discriminating their genetic 
relatives from non-relatives. He used the sweat bee 
Lasioglossum zephyrum that lives in colonies of several 
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female bees in nests in underground tunnels. Within the 
nest, only one bee is the fertile queen while the others 
work to rear the queen’s brood. The queen is usually the 
sister or mother of the workers. If the workers are to 
direct their altruistic labours to close genetic relatives 
only, they should ensure that no unrelated bee enters 
their nest. This task appears to be performed by one of 
the workers who takes on the role of a guard, positions 
herself at the entrance of the nest and inspects each 
incoming bee by smelling her. 

Greenberg^^ used laboratory colonies and presented 
guards with their sisters, aunts, nieces, cousins as well 
as some unrelated bees and recorded the probability of 
each of these bees being allowed to enter the nest by the 
guard. With this simple experiment he obtained the 
remarkable result that there was a statistically signi¬ 
ficant positive correlation between the probability of 
acceptance of an intruder bee by the guard bee and the 
genetic relatedness between the guard and the intruder 
(Figure 1). Thus, sweat bees have ways of assessing 
their kinship with other members of their species. 
Stimulated in part by this result, ethologists have begun 
to investigate the kin recognition abilities of a large 
number of different animal species ranging from marine 
invertebrates to humans (for reviews see references 
24-26). 

Some examples of ethological research in India 

Although I lament the great paucity of good ethological 
research carried out in India, I do not wish to leave the 
reader with the impression that nothing is being done 
here. I will, therefore, first present three examples of 
ethological research from India which rank among the 
finest pieces of ethological research done anywhere in 
the world and then will also give one example from my 
own research. 


Mother mouse sets the clock of her pup 

In a variety of animals and plants many features such as 
body temperature, rest/activity levels, hormone levels, 
etc., vary in a rhythmic fashion with a periodicity of 24 
hours. In many cases it is known that these periodic 
variations are controlled by an endogenous biological 
clock with a periodicity of about 24 hours. The 
endogenous clock is reset everyday based on the 
day/night cycles in-the environment, with the result that 
small differences in the period of the endogenous clock 
go unnoticed. By maintaining the animals or plants in 
continuous light or continuous darkness, however, these 
differences can easily be uncovered because the 
difference accumulates over a period of time. Thus, an 
endogenous rhythm is said to free-run when denied 
external cues and it is said to entrain when provided 
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with external cues. Such endogenously controlled 
rhythms are called circadian rhythms. For example, 
nocturnal mammals show a circadian rhythm in their 
rest/activity cycles such that they will be active at nights 
and will rest during the day. Their endogenous rhythm is 
normally entrained by the light/dark cycles in the 
environment caused by day and night. The newly born 
pups, however, stay in underground burrows for several 
days after birth. Moreover, they do not even open their 
eyes for many days after birth. How then do the 
circadian rhythms of these pups work? How does their 
clock reset itself? Viswanathan and Chandrashekaran^^ 
tested the hypothesis that since the mother is with the 
pups during the day, which is her time of resting, and 
away from them during the night, which is her time of 
active foraging, the pups may use the presence/absence 
cycles of the mother to entrain their clocks. First 
they showed that pups free-run in the absence of the 
mother and then by introducing the mother in a cyclic 
fashion they demonstrated that cycles of presence and 
absence of mother mouse entrain the circadian clocks of 
pups. 

Foraging trails of ants 

Leptogenys processionalis is a common ant whose long 

and branched foraging trails are inevitable companions 

of those of us who are in the habit of walking or jogging 

in the early hours of the day in parks or in other areas of 

Bangalore and its surroundings. This ant preys on 

termites and occasionally on other arthropods. The 

function of the trails is to sample as wide an area as 

28 

possible in search of prey. Ganeshaiah and Veena 
asked if the branching pattern of these foraging trails is 
so designed as to maximize efficiently the ratio of the 
area sampled to the distance travelled by the foragers. 
They traced the branching patterns of a number of trails 
and quantified them by using a method originally 
developed for studying the branching patterns of rivers. 
This method yields branching coefficients in such a way 
that the smaller the value of the coefficient, the more 
efficient is the trail system. The values obtained for 
Leptogenys processionalis ranged from 2.46 to 3.75, 
indicating that the trails of this ant are somewhat less 
efficient than the branching pattern of bronchioles in the 
human lung but more efficient than the branching 
pattern of trees or river systems. It is reasonable to 
expect that natural selection would have favoured those 
genotypes of the ant that were capable of sampling a 
large area with less effort. Ganeshaiah and Veena went 
on to show that the branching process is a result of 
independent decisions by different ants rather than a 
collective decision by the whole colony and also that the 
branch angles are a trade-off between the cost of 
increased travel necessitated by small angles and 
resistance to the flow of ants by angles close to 90°. 
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How do bats locate frogs? 

The Indian false vampire bat Megaderma lyra belongs 
to a group of echolocating bats that prey on larger 
arthropods such as moths, beetles, grasshoppers and 
cockroaches, and on smaller vertebrates such as frogs, 
geckos, lizards, fish, mice, birds and other bat species* 
A question of obvious interest is: How do these bats 
locate their prey and how are they perfectly capable of 
doing so even in the dark? Since these are echolocating 
bats, the obvious answer might be that they do so by 
echolocation. Marimuthu and Neuweiler^^ did a series of 
simple experiments, especially regarding how M. lyra 
locates frogs. Their first observation was that the bats 
detected and caught the frogs only when the latter 
moved. This automatically precluded dead frogs from 
being caught. Their next observation was that even dead 
frogs were located and caught if moved by the 
experimenter. The clinching evidence, however, came 
from an experiment which showed that when dead frogs 
were pulled over the wet surface of a glass plate to 
eliminate any noise, the bats were no longer successful 
in catching the frogs (Figure 2). Thus, even though these 
bats are capable of echolocation, they do not use it to 
catch moving prey off the ground. Additional simple 
experiments showed that the bats differentiated between 
palatable and unpalatable prey only after catching them. 
For example, noisily moved dead toads and dead frogs 
covered with toad skins were located and caught but 
soon discarded. These results pave the way for ecologi¬ 
cal investigations to understand why this bat does not 
use echolocation to locate prey on the ground. 

The mechanism of nestmate discrimination in a 
primitively eusocial wasp 

Ropalidia marginata is a primitively eusocial wasp in 
which new colonies are initiated by one or a group of 
female wasps. Female wasps eclosing on these colonies 
may either leave to initiate their own new colony or may 
stay back in their natal colonies. In all multifemale 
colonies only one individual is the queen and the others 
work to rear the queen’s offspring. Because female 
wasps are capable of starting their own single foundress 
colonies and yet so many of them prefer to remain as 
workers in multifemale colonies, we are using this 
species to try’ and understand how such altruist 
behaviour evolves^^. A widely discussed hypothesis is 
that worker behaviour is favoured by natural selection 
because of the high genetic relatedness between workers 
and the brood they rear, created by the haplodiploid 
genetics of the hymenoptera^?. To test the validity of 
this explanation, v/e measured intracolony genetic 
relatedness. To our surprise we found that it was very 
much lower than that expected. This is because 
polyandry (multiple m.ating by the queen) and serial 


nonmoving moving dead frogs moved 
froqs frogs 



n = 104 n = 62 


Figure 2. Percentage of catches for stationary versus moving frogs 
and for dead frogs moved by pulling, with and without generating 
noise. After Marimuthu and Neiiweiler^^ (© J. Comp. Physiol. A; 
reproduced with permission). 

polygyny (frequent replacement of the queen) result in 
simultaneous production of different matrilines and 
patrilines within a coiony^^'^'^. 

Before concluding that the haplodiploidy hypothesis 
for the evolution of worker behaviour is therefore not 
valid, we had to rule out the possibility that workers 
discriminate between different levels of genetic 
relatedness within their colony and direct their altruism 
preferentially towards their close genetic relatives only. 
To test this possibility, we undertook a study of the 
mechanism of nestmate discrimination in this species. 
Based on behavioural interactions shown by the wasps 
towards their nestmates and non-nestmates outside the 
context of their nests, we developed an assay of 
discrimination. Using this assay we were able to show 
that female wasps can discriminate between their 
nestmates and non-nestmates provided both the 
discriminating individuals and the discriminated 
individuals were exposed to a fragment of their natal 
nest and a subset of their nestmates. We concluded from 
these results that the labels on the bodies of the wasp 
used as cues in the discrimination process and the 
templates in their brains with which the labels must be 
compared are both acquired from the nest or nestmates 
(Table 1). This means that all the individuals in the 
colony will have identical or similar labels and 
templates, making it unlikely that the wasps will be able 
to discriminate between close and distant relatives 
within a colony and direct their altruism preferentially to 
close relatives. Now we concluded^^ that the haplo¬ 
diploidy hypothesis for the evolution of worker 
behaviour based on workers rearing brood very closely 
related to them is unsatisfactory. Our conclusion that 
intracolony variations in genetic relatedness are not 
discriminated was nevertheless a speculative one. It is 
gratifying that subsequent more direct experiments^^ 
have since supported this conclusion. 
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Table 1. Nestmate discrimination in Ropalidia marginata 


Discriminating 

wasps 

Discriminated 

wasps 

Discrimination 

Adults 

Adults 

Yes 

on nest 

on nest 


Exposed 

Exposed 

Yes 

Isolated 

Isolated 

No 

Exposed 

Isolated 

No 

Isolated 

Exposed 

No 


An interdisciplinary approach 

Ethology is particularly amenable to an interdisci¬ 
plinary approach. The techniques and ideas from a 
variety of disciplines such as genetics, molecular 
biology, mathematics, economics, computer science and 
so on can be readily used to obtain a much deeper 
understanding of ethological phenomena. I give below 
just two examples, one pertaining to molecular biology 
and the other to neural networks. 

Mating systems in birds 

Birds exhibit a variety of mating systems, including 
monogamy, polygyny, polyandry and promiscuousness. 
Monogamy seems to be more common among birds than 
among mammals. This is usually attributed to the 
difficulty of rearing chicks by the mother alone. In 
recent years many sporadic chance observations have 
begun to suggest that species which are commonly 
thought to be monogamous are not always so. If this is 
true then not all the chicks for whom the father works 
will be his own. Whether the female partner is 
completely monogamous and does not mate even 
occasionally outside the pair bond is very difficult to 
prove by behavioural observations alone. Molecular 
biologists have developed the powerful technique of 
DNA fingerprinting, which is now widely used for 
determining paternity, when in doubt, in humans. Burke 
and Bruford^^ applied DNA fingerprinting, using probes 
developed for humans, to wild populations of the house 
sparrow and illustrated how it could be said with a great 
degree of certainty that at least one of the chicks in a 
nest was not the biological offspring of the presumed 
father. This technique is now being increasingly used to 
confirm behavioural observations regarding parentage 
and genetic relatedness. 

Why do peacocks have long tails? 

The peacock is a prime example of how males in many 
species of birds and some mammals have evolved 
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exaggerated and showy characters. These characters are 
said to evolve through the process of sexual selection 
because of the preference for such characters among the 
females of the species. Males with such characters may 
actually suffer a disadvantage in terms of escaping from 
predators, with the result that they become handi¬ 
capped^*. Fisher^^ argued that reduced survival due to 
this handicap can be more than offset by increased 
opportunities to mate and thus these chcTacters may get 
exaggerated by a process of runaway selection. An 
unanswered question in this argument is why females 
should prefer males with exaggerated characters in the 
first place. In other words, what is the basis of the 
aesthetic sense of the females? 

In what might turn out to be a landmark study, Enquist 
and Arak"*® used a neural network model to show how 
female preferences for exaggerated male characters may 
develop. The starting point is selection on the ability of 
females to distinguish conspecific males from 
heterospecific males based on small differences in their 
tail length. A simple neural network was trained to make 
such discrimination and a selection was applied for 
accurate discrimination. The process of this training and 
selection, produced biases in the preference for some 
unexpected characters, including extraordinarily long 
tail lengths. Computer simulation of the co-evolution of 
female preference and male tail lengths demonstrated 
that exaggeration of tail length can occur even if it 
decreases the survival of the males. This approach is 
likely to have applications in the study of a wide range 
of behavioural phenomena. 

Complex and intelligent behaviour 

Do animals behave intelligently? Do they think about 
what they are doing? Are animals conscious of their 
actions? Such questions are seldom discussed by 
ethologists. There appears to be a strong taboo among 
ethologists to explore the animal mind in this fashion. 
Donald Griffin, until recently at the Rockfeller 
University, appears to be the lone crusader in the cause 
of the study of animal intelligence and thought 
processes"^^"^^. His books provide a fascinating 
commentary on the complex and intelligent things that a 
wide variety of animals are capable of doing. In 
addition, his books provide an even more fascinating 
commentary on how most ethologists seem to have 
a closed mind on the question of animal intelligence. 

I would like to submit that this should be a special 
area of focus for Indian ethologists because I think that 
we have a unique opportunity of taking the lead. Let me 
say briefly why I think that there is a strong case for the 
study of animal intelligence. This is best done by refut¬ 
ing the objections usually raised against this endeavour. 

First is the question of definitions. How can we study 
animal intelligence, thinking and consciousness if we 
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cannot even define these terms accurately? This 
criticism is a sure way of killing a field of enquiry even 
before it is born. No definition can satisfy everybody 
and hence our critics will consider themselves justified 
in preventing the study of these phenomena. Our res¬ 
ponse therefore should be that definitions are not so 
important and that there is no reason not to begin to 
study a complex phenomenon before we can write down 
a single cogent definition that meets everyone’s 
approval. More importantly, there are many satisfactory 
ways of describing what we wish to study. Call 
it complex behaviour, versatile behaviour, intelli¬ 
gent behaviour, thoughtful behaviour, conscious 
behaviour, flexible behaviour or simply un-instinctive 
behaviour. 

But in some ways it is easier to define what is not 
intelligent behaviour. The French naturalist Henry Fabre 
did a curious experiment with a digger wasp which 
builds burrows in the ground to rear its brood. Having 
built a burrow, it hunts a cricket meant to serve as food 
for its larva, places the paralysed cricket a small 
distance from the burrow and enters the burrow to 
inspect it and then returns to take the cricket in. When 
the wasp was inspecting the burrow, Fabre moved the 
cricket a little distance away from where the wasp had 
placed it. The wasp returned to take the cricket and 
discovered its absence. Finding the cricket soon enough, 
it once again placed it a small distance from the burrow 
and went back to inspect. Fabre, of course, shifted the 
position of the cricket again but the wasp once again 
discovered the cricket, placed it near the burrow and 
went back to inspect. After forty unsuccessful attempts 
to make the wasp take the cricket directly into the 
burrow without an intervening bout of burrow 
inspection, Fabre gave up in exasperation! Obviously, 
the wasp was incapable of realizing that, since the 
burrow had been inspected so many times in the recent 
past, the cricket may now be directly taken into it or 
that, since it is simply not succeeding in taking the 
cricket into the burrow, it should try a little variation in 
its sequence of behaviours. This machine-like, 
unintelligent behaviour on the part of the digger wasp 
illustrates what is meant by intelligence, better than any 
definition of intelligence might do. The important point 
is that an intelligent animal should be able to respond to 
variable and unexpected stimuli in a manner that is 
variable but appropriate to a given context. 

Another familiar objection to the possibility of 
intelligent behaviour especially in small animals, such as 
insects, is that their small brains cannot possibly provide 
for intelligent behaviour. There is little substance in this 
argument. It is being increasingly realized that it is not 
the size of the brain or the number of neurons but the 
quality and the quantity of neural connections that really 
matter. The small size of insect brain should, therefore, 
not deter us from investigating possible examples of 
intelligent behaviour among insects. 


Almost all ethologists will admit that man was subject 
to forces of natural selection, at least in the past, and 
few, if any, will argue that there is a biological 
discoptinuity between man and other animals. And yet 
the majority of ethologists implicitly create such a 
barrier when it comes to the question of intelligence. If 
man’s body and basic behavioural capabilities have been 
shaped by the same forces of natural selection, it follows 
that animals could have evolved intelligence too. 

An appropriate principle that should guide us while 
considering the question of animal intelligence is that 
natural selection will opt for stereotyped, instinctive 
behaviour if that serves best the interests of the animal 
in that context. Since Henry Fabres do not routinely 
displace crickets left near the nests of digger wasps, 
there is perhaps no selective value for intelligence of the 
kind that would enable the wasp to bypass burrow 
inspection in response to repeated displacement of its 
prey. Rigid hard-wired instinctive programming may 
thus be most appropriate for designing the behaviour of 
the digger wasp. On the other hand, if an animal has to 
respond in variable and novel ways to unpredictably 
changing environments, flexible, thoughtful and intelli¬ 
gent behaviour may be more appropriate for designing 
the behaviour of the wasp. A wasp so designed may be 
better able to cope with its environment and thus be 
selected over a more rigidly programmed ‘robotic’ 
wasp. We should, therefore, expect intelligent and 
thoughtful behaviour on the part of animals when the 
context demands it. 

Another important fact that needs to be emphasized is 
that we might expect a continuum between highly rigid, 
hard-wired, instinctive behaviour and flexible, intelli¬ 
gent behaviour within the same organism, depending 
upon the context. This must be obvious because we 
possess different levels of flexibility in many aspects of 
human behaviour too. An extreme example is that 
natural selection has used ‘reflexes’ to programme even 
humans to react to certain stimuli when quick and invariant 
responses are of prime importance. On the other hand, man 
has evolved to think and plan other aspects of his 
behaviour such as in hunting and courtship. 

Die-hard critics may still argue that even if animals 
can be intelligent, how do we know or prove that they 
actually are. One answer to this is to remind the critics 
that our null hypothesis should be that we do not know 
whether an animal is intelligent and the alternate 
hypothesis should be whether it is or is not intelligent. 
But most ethologists seem to give the impression that 
our null hypothesis is that animals are not intelligent. 
This is erroneous and it is important to bear that in mind 
because scientists, by convention, try to minimize the 
error of wrongly rejecting a null hypothesis but do not 
worry too much about the error of wrongly accepting a 
null hypothesis. If our null hypothesis is that animals are 
not intelligent then we are heavily biased against the 
possibility of intelligence. 
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But an even better way to counter this criticism is to 
document carefully examples of what appear to be 
complex, versatile, intelligent, thoughtful, conscious, 
flexible and un-instinctive behaviours on the part of 
animals. Griffin"^^ provides an impressive catalogue of 
these examples and I will not repeat any of them here. 
Instead, I will briefly describe some of my own 
observations on Ropalidia marginata and R. 
cyathiformis, two primitively eusocial wasps that I am 
fond of studying. These may sometimes be one-time 
serendipitous observations and it may not be possible to 
interpret them fully and perhaps even more difficult to 
confirm one’s own interpretation. Nevertheless, they 
open up many questions and clearly point to the 
flexibility and complexity of the behaviour of the wasps. 

A case of colony fission 

A colony of R. cyathiformis under observation in the 
month of April-May 1981 began to show a steep decline 
in both the number of adults present on the colony as 
well as the brood being reared. It was my fear that, as it 
often happens, the colony may be abandoned, bringing a 
premature end to my long-term study. Instead, what 
actually happened was far more interesting. On the 
evening of 31st May 1982, I had left the colony with 11 
adult females, all individually marked with unique spots 
of coloured paint, as I always do with wasps under 
behavioural observations. On my arrival on the morning 
of 1st June 1982, I noticed with dismay that only 6 of 
the 11 females remained on the nest. It is not unusual for 
one or two wasps at a time to disappear from such 
colonies. But the disappearance of 5 wasps (nearly half 
the population) overnight aroused my suspicion. More 
than anything else, I did not want this colony to be 
abandoned and end my study. I really wanted to find the 
missing wasps. That did not take long. I had only to look 
around for a few minutes when, to my amazement, I 
found all the five missing wasps. Recall that the wasps 
were all marked with unique spots of coloured paint, and 
thus I had no doubt that they were my wasps. What 
amazed me more was that the 5 wasps were not just 
sitting there; they had made a small nest of their own. 

It then dawned on me that these 5 wasps had deserted 
their original colony, perhaps revolting against the 
authority of the queen, and had decided to start their 
own new nest. It did not take me long to find out that 
OTBAA, one of the particularly aggressive individuals 
on the original nest, had become the queen in the new 
nest. My disappointment at the loss of half of my wasps 
turned into great excitement. Clearly, half the 
population had left their declining colony and ventured 
on their own. Perhaps the aggressive OTBAA had led 
the revolt and walked away with her followers. This 
event raised several questions in my mind. I could easily 
imagine that being dissatisfied with the state of the 
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original colony, but being unable to dislodge the 
original queen BLATA and mend matters, OTBAA was 
forced to leave. 

But what would be the consequence of this for those 
who left the colony - rebels and for those who stayed 
back in the original colony - the loyalists. This was easy 
to find out. I simply continued my observations and 
included the new colony in my study. The result was 
remarkable. The colony fission turned out to be good for 
both the rebels and the loyalists. The rebels did very 
well; their colony grew rapidly and they began to rear 
brood quite successfully. Even more remarkable, the 
loyalists in the original colony also benefited. In sharp 
contrast to the declining condition of the colony before 
the fission, the situation improved and they too began to 
rear brood quite successfully. Clearly, the fission 
increased the fitness (or inclusive fitness) of both the 
rebels and the loyalists'^'^. But why was there such a 
difference in the state of the nest before and after 
fission? It was my impression that there was too much 
aggression among the animals before fission. A 
quantitative analysis of the behaviour of the wasps 
before and after fission confirmed this suspicion. There 
were significantly higher rates of dominance behaviour 
per animal in the original colony before the fission 
compared to the rates of dominance behaviour per 
animal either among the loyalists or among the rebels 
after fission. 

An analysis of the pattern of aggression before the 
fission was even more instructive. Having witnessed the 
fission and identified the loyalists and the rebels, I could 
now go back to the behavioural data on these animals in 
my computer files and compare the behaviour of the 
loyalists and the rebels before the fission occurred. It 
turned out that the loyalists were the real aggressors; 
they showed much more aggression towards the rebels 
than the rebels did towards the loyalists. Indeed, the 
loyalists also appeared to have driven away a number of 
other animals during April and May 1982 although 1 
have no idea of the fate of these other animals. It is, 
therefore, reasonable to conclude that high rates of 
aggression reduced the efficiency of brood rearing 
before colony fission, and the low rates of aggression in 
both the colonies after fission allowed efficient brood 
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rearing . 

The results of an examination of the caste and age 
composition of the loyalists and rebels before the event 
of fission were equally interesting. By multivariate 
statistical analysis of time-activity budgets, we have 
previously demonstrated that both in R. marginata and 
R. cyathiformis adult female wasps can be classified into 
three behavioural castes or groups, which we have 
termed as sitters, fighters and foragers^^'^'^. While there 
is little, if any, qualitative difference between different 
female wasps in a colony, there is clear-cut quantitative 
differentiation: the sitters spend more time sitting and 
grooming themselves than the fighters and foragers; the 
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fighters show higher rates of dominance behaviour than 
sitters and foragers; and the foragers spend more time 
away from the nest and return more often with food or 
building material than do sitters and fighters. It also 
appears that unless there is a major perturbation like the 
death of the queen or an attack by the predatory wasp 
Vespa tropica, individual wasps ‘decide’ to become 
sitters, fighters or foragers early in life and stay that way 
for the rest of their lives. Equally important is the fact 
that the queens of R. marginata are almost always sitters 
while the queens of R. cyathiformis are almost always 
fighters. 

At the time of colony fission, the original queen 
BLATA (herself a fighter), who was 72-days old on the 
day of fission, managed to retain with her STNBA, a 58- 
day-old forager, OTYA, a 24-day-old forager, BLTDA, 
a 10-day-old sitter and BATRA and BATYA, who were 
sitters of age 5 and 3 days, respectively. For the last two 
animals, the classification into the sitter category may be 
subject to some error because all wasps behave like 
sitters during the first week or so of their lives and only 
later differentiate into true sitters, fighters and foragers. 
The Rebel queen OTBAA, herself also a fighter in the 
colony before fission, although only 19-days old on the 
day of fission managed to take away 4 foragers- 
STDGA, RTDGA, OTLBA and BATSA, who were 58, 
37, 17 and 8-days old, respectively, on the day of 
fission. It appears, therefore, that the group of 11 wasps 
split about as evenly as might have been possible under 
the circumstances, an interpretation that is strengthened 
by the fact that behavioural castes of the wasps, both 
among the loyalists and among the rebels did not change 
after fission (Table 2). I imagine that no sitter went with 
the rebels because there was only one sitter of any 
reasonable age, namely, BLTDA"^, 

But how did the rebels manage to get together and 
leave at the same time and reach the same site to start a 
new nest? Was it a ‘snap’ decision taken on the night of 
May 31st or was it ‘brewing’ all along? Was there 


Table 2. Caste and age composition of loyalists and rebels 





Age in days at 


Loyalist/ 

Behavioural 

the time of 

Animal 

rebel 

caste* ♦♦ 

fission 

BLATA* 

Loyalist 

Fighter 

72 

STNBA 

Loyalist 

Forager 

58 

OTYA 

Loyalist 

Forager 

24 

BLTDA 

Loyalist 

Sitter 

10 

BATRA 

Loyalist 

Sitter 

5 

BATYA 

Loyalist 

Sitter 

3 

STDGA 

Rebel 

Forager 

58 

RTDGA 

Rebel 

Forager 

37 

OTBAA** 

Rebel 

Fighter 

19 

OTLBA 

Rebel 

Forager 

17 

BATSA 

Rebel 

Forager 

8 


♦Queen in the original colony as well as in the loyalist group. 
♦♦Queen after fission, in the rebel group. 

♦♦♦The same caste was maintained after fission, for all animals. 


some form of ‘groupism’ well before the final event of 
fission? To investigate these questions, or at least to 
begin to do so, we measured behavioural co-ordination 
within and between groups by computing Yule’s 
association coefficients between pairs of wasps'^. We 
then asked the question whether there was more co¬ 
ordination within groups than between groups. For 
instance, did wasps within a group synchronize their 
trips away from the nest and did rebels and loyalists 
avoid each other? The rebels had high association 
coefficients amongst themselves. Of the 10 possible 
pairs of animals among 5 rebels (excluding 5 self-pairs 
and 10 repeats), 5 pairs had the highest possible 
association of +1 while the mean for the 10 pairs was 
0.69. Monte-Carlo simulations show that this value 
could not have been obtained by chance and that it is 
statistically significant at /7<0.01- Similarly, the 
loyalists amongst themselves also had a positive 
association coefficient although this was not statistically 
significant. In contrast, when we chose pairs of wasps 
such that one was a loyalist and the other a rebel, of the 
15 possible pairs with 6 loyalists and 5 rebels, 4 pairs 
had the lowest possible value of -1 and the mean of the 
30 pairs was - 0.26. This also could not have been 
obtained by chance and is statistically significant at 
p < 0.05. These results demonstrate that the wasps had 
differentiated into two groups well before fission, with 
the loyalists and rebels behaving as two co-ordinated 
groups and avoiding each other"^"^. The results also 
suggest that the wasps were capable of individual 
recognition and had some way of deciding when to leave 
and where to go. 

Do wasps form alliances? 

In early 1985 I had another nest of R. cyathiformis 
under observation for the purpose of removing the queen 
to see who the next queen would be; indeed, my long¬ 
term goal was to predict who the next queen would be. 
The behaviour of two of the wasps was particularly 
interesting. RT was very aggressive and particularly so 
towards DBA. She would harass DBA so often and for 
such prolonged periods of time that on several occasions 
I noticed that the queen would intervene. The queen 
would actually climb on the grappling mass of RT and 
DBA and separate them. This was clearly of great help 
to DBA, who was no match for RT. I got the distinct 
impression that DBA in turn was trying not only to 
avoid RT but also to appease the queen. 

The most dramatic example of this occurred one day 
when DBA returned with food, but before she could 
land on the nest, RT noticed this and poised herself to 
grab the food from DBA. It appeared that DBA did not 
want to give the food to RT. It also appeared that she 
wanted to give the food to the queen. But the queen was 
looking the other way and did not notice DBA arrive. 
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DBA’s response was very interesting. She landed on the 
leaf on which the nest was built about 2 cm away from 
the nest - something that returning foragers seldom do - 
they mostly alight on the nest. Having done that, with 
DBA sitting on the leaf and RT sitting on the nest, they 
went through what might be called a war of attrition for 
over 5 minutes; DBA would attempt to get on the nest 
but RT would block her way and try to grab the food. 
Not having succeeded either in attracting the attention of 
the queen or in climbing on to the nest without losing 
the food load to RT, DBA now simply walked around 
the nest and came in full view of the queen. The queen 
seemed to immediately sense what was going on. She let 
DBA climb on to the nest and took the food load from 
her mouth but at the same time RT pounced on DBA and 
bit her. Before too long, DBA managed to escape from 
the clutches of RT and fly away. 

This episode, dramatic as it already was, assumed 
even greater significance by the rather unusual turn of 
events after I removed the queen. Clearly, RT was the 
next most dominant animal and I had little doubt that 
she would be the next queen after I removed the present 
one. But to my surprise, it was DBA who became the 
next queen, inspite of RT’s presence. Indeed, RT stayed 
on for over a month after DBA took over but I cannot 
help describe her behaviour as ‘sulking’ - she would do 
nothing at all except occasionally take some food from 
one of the foragers. She did not participate in any nest 
activity. Even sitters do a fair amount of intranidal 
work"^" but not RT, who therefore could not be classified 
as either a sitter, a fighter or a forager by the 
multivariate techniques that I normally use - she was a 
clear outlier. 

Why was RT so aggressive towards DBA compared to 
her behaviour towards other animals? Why was the 
queen so ‘considerate’ towards DBA? Was there some 
kind of alliance between DBA and the queen? Did this 
in any way influence DBA’s becoming the next queen 
when I removed the original queen, even though RT was 
higher in the dominance hierarchy? Since what I have 
described is the result of one chance observation, I will 
not pretend to answer these questions, but, clearly, they 
are pointers to the potential flexibility and complexity of 
the behaviour of the wasps and to the possibility of 
alliances among wasps. 

Do workers choose their queens? 

During a similar queen removal experiment with R. 
cyathiformis, I once had a situation where there were 
two contenders, as it were, to replace the existing queen. 
These were DBT and OT, both more or less equally 
dominant. When I removed the queen on the 9th of 
March 1985, for whatever reason, DBT took over the 
place of the queen and OT promptly left the colony. 
However, DBT apparently was not a very ‘good’ queen. 

194 


All the other wasps stopped foraging and began to 
simply sit on the nest. JEven when they did go out, they 
always returned with nothing. Clearly, DBT had eggs to 
lay because she began to cannibalize on the existing 
eggs to make room for her to lay her own, as no one 
would bring building material or build new cells for her. 
Eventually, other wasps began cannibalizing on brood 
too and I was afraid that the colony would be 
abandoned. I was amazed to notice, however, that OT 
had not quite given up. She would occasionally come 
back, as if to check on how DBT was doing. She would 
never spend the night on the nest but would only visit 
occasionally. By about the 20th of March, OT returned 
for good and DBT left. A pity that I was not there to 
witness their meeting! Now the behaviour of the rest of 
the wasps was dramatically altered. They began to work 
- they foraged, brought food, fed larvae, extended the 
walls of the cells of the growing larvae and even brought 
building material and built new cells for their new queen 
OT to lay eggs in. 

The story does not quite end there. DBT also, it 
turned out, had not quite left the nest. She would also 
come from time to time and visit, as if to see how her 
rival, OT, was doing. After a few days DBT decided to 
rejoin the nest but not before a great deal of hostility by 
the resident wasps. DBT had to spend nearly a whole 
day and be subordinated by several residents before she 
was accepted back. It is the striking difference in the 
behaviour of the same set of wasps during the reign of 
two different queens that is most suggestive (Figures 3 
and 4). Once again, it not only points to their capacity 
for individual recognition but also suggests that they are 
able to modify their behaviour based on such 
recognition. Why did the wasps not co-operate with 
DBT when she first took over as the queen? If she was 
simply not good enough to be a queen, why did she 
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Figure 3. Behavioural variation in a group of R. marginata females 
during the reigns of two different queens. Proportions of time spent 
in six common behaviours by an average wasp in the colony are 
shown. See text for details. Statistical tests by Mann-Whitney U test. 
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Figure 4. Behavioural variation in a group of R. marginata females 
during the reigns of two different females. The number of times each 
of eight behaviours were seen in the colony are shown. See text for 
details. 


succeed in the first place, especially in the presence of 
OT? Again, I will not pretend to answer these questions, 
but, even without answers, the questions themselves 
provide evidence of the complexity and flexibility of the 
behaviour of these wasps. 

Do wasps evaluate their chances of becoming 
queens? 

Several aspects of the behaviour of the wasps suggest 
that wasps constantly evaluate their chances of 
becoming queens. Indeed, neither the opportunity to 
raise brood with particularly high genetic relatedness to 
themselves nor parental manipulation explains 
satisfactorily why workers in R. marginata work, but 
they seem to work because they are hopeful queens, 
awaiting opportunities to reproduce. It would be most 
appropriate, therefore, if wasps have evolved ways of 
assessing their chances of becoming queens under 
various circumstances and modulating their behaviour 
accordingly. Sometimes, but not always, wasps work for 
many days in their natal nests before they leave to start 
their own nests. Could it be that their first option was to 
become queens in their natal nests, but since that did not 
happen, they choose the next option, namely, starting 
their own nests? While wasps are usually very 
aggressive to non-nestmate intruders, sometimes they 
allow foreign wasps to enter and join their colony. 
Could it be that some intruders are more acceptable than 
others? Sometimes, wasps will cooperate with unrelated 
individuals to start new nests. Could it be that wasps are 
measuring their chances of becoming queens in the 
group they are to nest with? If they are, then it seems far 
more likely that their ability to do so comes from 
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flexible, intelligent, thoughtful behaviour rather than 
hard-wired, instinctive behaviour. Indeed, I would argue 
that such cognitive abilities of the wasps may have played 
an important role in the evolution of eusociality. If the 
origin of eusociality depended not only on assessment of 
genetic relatedness values but on the ability of insects to 
engage in complex mutualistic interactions, as our research 
appears to show, cognitive abilities and their role in social 
evolution should receive special attention rather than be 
completely ignored, as is presently the case. 

The pains and pleasures of doing research in 
ethology in India 

Any consideration of the prospects for ethological 
research in India has to face a serious set of 
contradictions. On the one hand, it appears obvious that 
ethology is just the right choice for young biologists 
embarking on a research career in India. The most 
important reason for this is the easy access we have to 
an incredibly rich fauna and flora which can be used as 
model systems. Perhaps, equally important is the fact 
that ethological research seldom requires very expensive 
and/or imported equipment or chemicals. As we have 
seen above, the boundaries of traditional ethology 
are being rapidly expanded so as to include many 
other related disciplines. Clearly, ethology in this broad 
sense is likely to flourish and be one of the main 
activities of biologists in the foreseeable future. For all 
these reasons ethology provides realistic opportu¬ 
nities for Indian biologists to provide international 
leadership. 

At the same time, woefully little ethological research 
is actually carried out in India and in some ways it is 
very difficult to do so in India. I would argue that the 
single most important reason for this is that zoology and 
to some extent botany are taught in Indian schools and 
universities as sciences of dead animals and plants. So 
much attention is paid to morphology and anatomy that 
there is no time for students to cope with the realities of 
the living world of animals and plants. Another factor, 
also a very important one, is that little attention is paid 
in our curricula to local faunal and floral biodiversity. 
For instance, it has been my experience that students 
who obtain an M Sc in zoology from most Indian 
universities are usually incapable of identifying even a 
dozen common birds or insects in their surroundings. If 
they do know of some examples, these will usually be 
textbook examples from the western hemisphere. Yet 
another factor is that our education system still seems to 
believe in the dichotomy between mathematics and 
biology. It is no exaggeration to say that those students 
who are comfortable with elementary mathematics, are 
advised to gO on to study physics and chemistry, while 
those who are uncomfortable with even the most 
elementary mathematical concepts are advised to major 
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in biology. It is high time that mathematics be 
considered as a tool with applications in all branches of 
science and made compulsory for all science students at 
least up to and including the B Sc level. 

It is sometimes said that the onslaught of molecular 
biology takes away the best biology students. This is 
paradoxical because, if molecular biologists, with all the 
difficulty of doing internationally competitive research 
in molecular biology under Indian conditions of 
technology and economy, can entice students to their 
field, ethologists, with the advantages they have for 
doing internationally competitive research, should be 
even more successful in enticing students. If the 
onslaught of molecular biology is indeed taking away 
our best biology students then, surely, the ethologists 
are to be blamed! It must be said, however, that a large 
number of our molecular biologists struggle with 
laboratory problems of limited interest, borrowed from 
western labs, and if they can be persuaded to collaborate 
with local ethologists to tackle problems relevant to our 
fauna and flora, the result would be most gratifying. 
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Cognitive science: The mind—body problem 
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Cognitive science is the science of the mind. It views 
the human mind as a highly complex information¬ 
processing system. This paper attempts to introduce 
the basic issues of cognitive science-the debate 
between the antagonistic philosophies of dualism and 
materialism. 


A few decades ago, a new branch of science was bom 
out of the efforts of researchers In linguistics, computer 
science, psychology and neuroscience. This branch of 
science is referred to as cognitive science - the science 
of the mind. It is concerned with mental phenomena like 
perception, thought, learning, understanding and 
remembering. Its scope is very wide, ranging from 
observing learning processes in children to programm¬ 
ing computers to solve problems which were hitherto 
thought to be possible only with human intelligence. 

Cognitive science views the human mind as a highly 
complex information-processing system-that is, a 
system which receives, stores, retrieves, transforms and 
transmits information. At the very start, cognitive 
science encounters a deeply philosophical issue, the 
mind-body problem, which has been plaguing the minds 
of philosophers for several centuries - the ontological 
and the epistemological riddles. 

In philosophical language, the ontological question is: 

1. What things really exist ? 

2. What is their essential nature? 

This is the mind-body problem. There are two theories 
which attempt to answer these questions: 

1. The materialist theory holds that only the brain 
exists and what we call mental states and mental 
processes are merely sophisticated states and processes 
of a complex physical system called the brain. 

IL The dualist theory^ on the other hand, claims that 
mental processes constitute a distinct kind of pheno¬ 
menon that is essentially non-physical in nature. 

The mind-body problem cannot be discussed without 
looking into other compelling problems with which it is 
thoroughly intertwined: 

1. The semantical problem. Where do commonsense 
terms for mental states like ‘pain’ or ‘sensation of 
warmth’ get their meaning. One possible answer is by 
one’s own experience which has taught us what relevant 
term to attach to the relevant mental state. But this again 


raises a problem. How can I be sure that the inner 
sensation which my friend has attached to the term 
‘pain’ is qualitatively the same as the inner sensation 
which I have attached to that term? This semantic worry 
is impossible to settle because it appears entirely 
impossible that anyone should ever have direct 
experience of someone else’s mental states and nothing 
less than such experience would settle the issue. This 
conclusion is very odd and violates our intuition. After 
all, the very purpose of language is public communi¬ 
cation within a shared network of understanding. So 
now we turn to another theory of meaning. 

To learn the meaning of pain is to learn that ‘pain’ is a 
state that is caused by bodily damage, a state that in turn 
causes other inner states such as mild unhappiness or 
panic and characteristic behaviours such as wincing or 
moaning. According to this theory, the essential feature 
of pain is a network of causal relations that connects any 
pain to a variety of publicly observable things. 

Philosophy also raises another important issue. 

2. The epistemological problem. Epistemology is the 
study of what knowledge is and where it comes from. 
Here also the problem of others' minds is perplexing. 
On what grounds can I assume that my friend has any 
mental state at all? Or, for that matter, animals like the 
great ape and domestic dogs - do they have genuine 
consciousness like we think we have? Recent advances 
in computer technology have added computers also to 
this list. Can we say that a complex physical system like 
the computer, which can mimic successfully many of our 
so-called intelligent tasks, cannot for all that be called a 
conscious being? Each of us is self-conscious. Why is it 
that your own mental life is so transparent to you, when 
the mental life of others is so opaque? How is it that you 
feel, think and desire without looking at your behaviour? 
That is the capacity for introspection. 

Let us return to the ontological problem or the mind- 
body problem and consider some of the questions and 
the current views on the subject. 

The questions that can be posed are: 

1) What is the real nature of mental states and mental 

processes? 

2) In what medium do they take place? 

3) How are they related to the physical world? 

4) Will my consciousness survive the disintegration of 

my physical body? 
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5) Or wii! it disappear forever as my brain ceases to 

function? 

6) Is it possible that a purely physical system such as a 

computer could be constructed so as to enjoy real 

conscious intelligence? 

7) Where do minds come from, what are they? 

The stand of dualism 

The essential nature of conscious intelligence resides in 
something non-physical, called the mind, which is 
beyond the scope of scientific enquiry or understanding. 
Dualism is deeply entrenched in most of the world’s 
religions, although it is more or less rejected by most 
scientific philosophers. 

There are at least four radically different versions of 
dualism. Similarly, there are different versions of anti¬ 
dualism or the materialistic theory. The essence of the 
materialistic theory lies in the denial of the non-physical 
mind. 

Substance dualism holds that each mind is a distinct 
package of non-physical substance, a thing whose 
identity is independent of any physical body to which it 
may be temporarily attached. Rene Descartes (1596- 
1650) is the father of substance dualistic theory. He 
theorized that reality divides into two basic kinds of 
substance. 

As Descartes saw it, the real you is not your material 
body, but rather a non-spatial thinking substance which 
is in causal interaction with your body. Your non¬ 
physical mind causes visual/auditory/tactile experiences 
in your mind. And the desires and decisions of your non¬ 
physical mind cause your body to behave in purposeful 
ways. Its causal connections to your mind are what make 
your body yours and not someone else’s. 

But the difficulty with substance dualism theory is: 
How can a non-physical ‘thinking substance’ influence 
ponderous matter like the brain. 

To overcome such doubts about cartesian dualism, 
some people have come up with the explanation of ‘a 
ghost in a machine’. Mind is made up of a ghost-a 
spiritual substance, quite unlike a physical substance but 
in intimate contact with the brain. The mind-body 
interaction involves exchanging of energy in a form that 
our science has not yet recognized or xmderstood. As 
ordinary matter by itself is a form of energy, perhaps the 
mind stuff is also energy of a form which we have not 
yet unravelled. This view is more of wishful thinking 
and there is no evidence as yet to support it, such as the 
survival of the ghost substance after the death of the 
brain stuff. 

In another form of dualistic theory, the brain has a set 
of special properties possessed by no other kind of 
physical object. It is these special properties that are 
non-physical. This theory is called property dualism. 
The properties are, for example, having pain, having a 
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sensation of red, desiring a certain thing. These are the 
properties we associate with consciousness. They are 
held to be non-physical in the sense that they caimot 
ever be reduced to or ex plained b5^ concepts of familiar 
physical sciences (irredi cibility). One version of 
property dualism is epiph.,nomenalism, which says that 
mental phenomena ride over and above brain’s physical 
state and emerge only when brain structure attains a 
certain level of complexity, ^his theory also holds that 
mental phenomena are incapable of influencing the 
brain’s physical state. This viewpoint is somewhat 
strange because it denies that humans have volition, 
beliefs and desires which are in some ways connected to 
their behaviour. It demotes mental properties to causally 
impotent by-products of brain activity. 

Interactionist property dualism asserts that mental 
properties do indeed have causal effects on the brain and 
thereby on behaviour. The brain’s mental and physical 
properties are an integral whole and have systematic 
interaction with each other. One’s actions are influenced 
by one’s desires and volitions. Again, mental properties 
are held to be emergent properties and do not manifest 
at all until ordinary physical matter has managed to 
organize itself to a system of sufficient complexity. 

Arguments for dualism 

Dualism’s major advocate is religion. Most of the 
religions of the world are committed to the notion of an 
immortal soul and therefore religious beliefs are 
naturally attracted to substance dualism. This we can 
call as an argument from religion. 

The argument from introspection goes as follows: 
when you centre your attention on the contents of your 
consciousness, you do not think of a neural network 
pulsing with electrochemical activity. You apprehend a 
flux of thoughts, sensations, desires and emotions. 
Introspection, therefore, seems strongly on the side of 
some form of dualism. 

The argument from irreducibility is that a variety of 
mental phenomena, like seeing the colour or smelling 
the fragrance of a rose cannot be accounted by purely 
physical explanation. A physicist might know everything 
about the molecular structure of the rose and of the 
human brain but that knowledge will not enable him to 
predict the human experience like smelling the rose. The 
final argument in support of dualism is the existence of 
so-called parapsychological phenomena such as tele¬ 
pathy and telekinesis, which, the dualist claims, are 
beyond purely physical explanation. 

Arguments against dualism 

Consider first the explanatory resources available to the 
materialist from neuroscience. We know much of brain’s 
microstmeture: how the neurons are organized into 
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systems and their interconnections, how sensory nerves 
come in from the sense organs and how motor nerves go 
to the muscles. We know much about their micro- 
chemistry. We^know a great deal about the correlations 
between behavioural and cognitive deficits and brain 
damage. As opposed to this impressive list of expla¬ 
natory achievements, there is no significant or trust¬ 
worthy evidence for non-physical mental phenomena 
such as parapsychology in spite of endless pronounce¬ 
ments in the popular press. There is not a single para- 
psychoiogical effect that can be repeatedly or reliably 
produced in any laboratory suitably equipped to perform 
and control the experiment. Not one. Honest researchers 
have been repeatedly hoodwinked by ‘psychic’ 
charlatans with skills derived from the magician’s trade. 
Against this record of achievements of materialist 
scientists, the dualist may argue that these successes 
concern only the meditative functions of the brain and 
not the central or higher-level capacities such as reason, 
emotion and consciousness. Concerning the latter 
functions, both dualism and materialism draw a blank. 


So far as the capacity for reasoning is concerned, 
machines already exist that execute sophisticated 
deductive and mathematical calculations in a matter of 
minutes that would take the human a lifetime. If these 
high-level capacities take place by a distinct mental 
stuflF, then these faculties must be invulnerable to direct 
control of pathology by manipulation or damage to the 
brain. But, in fact, the exact opposite is true. Alcohol, 
narcotics or senile degeneration of nerve tissue will 
impair, cripple or even destroy one’s capacity for 
rational thought. 

Lastly, the arguments from evolutionary history, the 
evidence from fossil record, comparative anatomy and 
biochemistry of proteins and nucleic acids leave no 
room to doubt that the human brain is the end product of 
billions of years of evolution from very simple organism 
to the present highly complex organism. 

To sum up, it appears as though we have to give up 
the view that we are distinct from our animal ancestors, 
much hard though it is to reconcile to the fact that we 
are also creatures of matter. 


The goals of cognitive science 

G. Krishna 
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In this paper cognitive science is defined as the study 
of intelligence as a computational process. The 
several disciplines which contribute to the study of 
cognitive science are briefly described so as to glean 
a birds-eye view of the subject of cognitive science. 


Cognitive science is the study of intelligence and 
intelligent systems, with particular reference to intel¬ 
ligent behaviour in terms of computational processes. 

It is difficult to propose a really satisfactory inten¬ 
tional definition of intelligence. However, in everyday 
life we are willing to judge when intelligence is being 
exhibited. 

We say that people are behaving intelligently when 
they choose courses of action that are relevant to 
achieving their goals, when they reply coherently and 
appropriately to questions that are put to them, when 
they solve problems of lesser or greater difficulty or 
when they create or design something usehil or beautiful 
or novel. 

We apply a single term ‘intelligence’ to this diverse 
set of activities because we expect that a common set of 
underlying processes is implicated in performing all of 
them. 


Today it is quite common to attribute intelligence to 
both human and non-human systems and, in particular, 
to programmed computers. Not everyone accepts this 
usage, but we call programs intelligent if they exhibit 
behaviours that would be regarded as intelligent if they 
were exhibited by human beings. 

Intelligence is to be judged by the ability to perform 
intellectual tasks, independent of the nature of the 
physical system that exhibits this ability. 

Cognitive science defined as the study of intelligence 
and its computational processes has several different 
approaches. For example: 

• We can undertake to construct an abstract theory of 
intelligent processes, without regard to specific 
physical or biological implementations (formal 
logic). 

• We can study human or animal intelligence seeking 
to abstract a theory of intelligence processes from 
the behaviour of intelligent organisms (experi¬ 
mental psychology). 

® We can study computer intelligence, trying to learn 
the computational principles that underlie the 
organization and behaviour of intelligent programs 
(artificial intelligence). 
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The principal contributing disciplines of 
cognitive science 

From a sociological standpoint, disciplines are defined 
less by their intellectual structure and content than by 
the scientists who identify with them. Over time, the 
intellectual content of a discipline gradually defines its 
boundaries and membership, whereas its membership 
gradually redefines its content. 

If we are to understand cognitive science, we must 
know what disciplines have contributed to its forma¬ 
tion. Among these are: 

1. Experimental and cognitive psychology 

2. Artificial intelligence 

3. Linguistics 

4. Logic and epistemology 

5. Neuroscience 


Psychology 

From its beginnings psychology has been concerned 
with intelligence. The Binet-Simon intelligence test 
(IQ) dates back to 1900. 

The dominance of behaviourism during the first half 
of the century prevented experimental psychologists 
from being much interested in what was going on inside 
the organism. Hence, there was little speculation and 
research about the processes involved. 

Brain research contributed to our knowledge of the 
location of functions within the brain but had little to 
say about the processes involved. Even the precise phy¬ 
siological basis of memory was not unambiguously 
determined. 

During the high tide of behaviourism, experimental 
psychology focused on relatively simple cognitive per¬ 
formance with emphasis on sensory and motor processes 
such as rote verbal learning, tracking tasks requiring 
hand-eye coordination, memory tasks involving short¬ 
term retention, and the attainment of simple concepts. 

The Gestalt psychologists attempted to develop 
theories of human cognitive processes for complex 
cognitive performances like concept formation and 
problem solving. 

The information-processing revolution of the fifties 
and sixties made it possible for the different speciali¬ 
zations of psychology - psychometrics, neurophysio¬ 
logy, experimental psychology and Gestalt psychology - 
to relate to each other. For example, a discipline like 
psycholinguistics used the information-processing view¬ 
point to establish links between psychology and 
linguistics. 

Experimental psychology also started adopting the 
information-processing viewpoint as well as computer 
simulation. Those who studied higher mental functions 
such as concept formation, problem solving and 
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language made more use of computers than those who 
studied the simpler memory and perceptual tasks. 

Artificial intelligence 

The very term artificial intelligence (Al), coined around 
1956, incorporated the belief that the concept of 
intelligence now had to be extended beyond human and 
animal performance to include artificial systems - 
computers. 

The earliest artificial intelligence programs such as 
Logic Theorist of Newell and Simon are perhaps best 
viewed as models of abstract intelligence; nonetheless, 
their design borrowed ideas from psychological research 
on memory and problem solving such as associative 
structures and means and analysis for inference. 

In turn AI research has made numerous contributions 
to cognitive psychology. AI programming languages like 
Lisp permit modelling of elaborate associative 
structures - schemata, scripts, frames - to simulate 
important properties of human semantic memory. 
Production systems, an important tool in AI, are sophi¬ 
sticated versions of the classical stimulus-response 
relations and stimulus recognition processes. Robotics 
has employed ideas in sensory and perceptual psycho¬ 
logy and the psychology of vision and speech 
recognition has borrowed many ideas from AI. 

In fact, there has been a close continuing relation 
between AI and cognitive simulation during the whole 
thirty odd years of the history of both the subjects and 
their mutual relevance and synergy was a major moti¬ 
vation for creating a common meeting ground in 
cognitive science. 

Linguistics 

The study of language is represented in cognitive 
science under the labels ‘computational linguistics’ and 
‘psycholinguistics’. 

Computational linguistics is concerned with the use of 
computers to process language, for example, in parsing 
and translation algorithms. 

Psycholinguistics, the study of language as a psycho¬ 
logical phenomenon, although very much a discipline of 
cognitive science has followed an autonomous path. 
Even to this day there appears to be a gulf in communi¬ 
cation between cognitive scientists interested in problem 
solving and concept forming and cognitive scientists 
interested in language. This is in spite of the fact that 
both are investigating the same phenomenon: human 
thinking. 

Neuroscience 

Neurophysiology and neuroscience generally occupy 
a very complex place in cognitive science. Probably, a 
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large majority of psychologists believe that the 
processes of thinking are, in principle, explainable in 
terms of the electrochemical processes of the brain. 
Many, however, believe that theories of intermediate 
level - such as theories that take information processes 
and not neurological processes as their primitives - are 
absolutely essential to the understanding of human 
thinking. Just as biochemistry is not ‘simply’ physics but 
must be pursued independently, thinking is not ‘simply’ 
neurophysiology but requires levels of theory that can 
link to neurophysiology through a sequence of 
connecting theories. 

Apart from this question of the relation between 
information processing and direct neurological expla¬ 
nation of thinking, neurophysiology plays a secondary 
role in cognitive science - particularly in providing 
hypotheses about fruitful architectures for machine 
intelligence and perhaps human intelligence. 

The architecture of cognitive systems 

The fundamental design specifications of an infor¬ 
mation-processing system are called its architecture. 

The components of the architecture represent the 
underlying physical structures but only abstractly. For 
example, an architecture for modelling the human brain 
might contain neurons as components, but the neurons 
may be characterized quite grossly as binary on-off 
elements with certain switching speeds. 

Another architecture might characterize the brain even 
more aggregately, with units such as long-term memory, 
short-term memory, sensory organs and so on. 

The amount of detail incorporated in an architecture 
depends on what questions it seeks to answer, as well as 
how the system under study is actually structured. 

The notion that architectures may be specified at 
different levels of abstraction is best seen in computers. 
We speak of a computer as having Von Neumann 
architecture when it has addressable memory capable of 
storing both program and data, input and output devices 
and symbol-processing capabilities that operate serially, 
including operators for comparing symbol structures and 
branching. The specification does not say anything at all 
about the physical devices realizing this scheme. They 
may be of the most varied and disparate kinds. 

At the next level of abstraction, the architecture of a 
system may be described by defining a specific 
language. For example, Lisp defines an architecture for 
a list-processing system. Memory is organized into 
associative structures, lists and property lists. The basic 
operators of the language allow manipulations of these 
lists, whose elements are symbols which themselves are 
capable of indexing or pointing to other symbol 
structures. 


In the contemporary practice of cognitive science, 
models of the human nervous system are defined at one 
of two different levels, connectionist and symbolic. 

The elements of the connectionist systems are 
conceptualized as highly simplified and schematized 
neurons interconnected in a network. The operators 
modify the network and, in particular, modify the 
strengths of the connections between elements. 

The elements of symbolic systems may be conce¬ 
ptualized as symbols held in one or more memories. The 
memories may be organized as lists or networks but the 
elements of these are interpreted as symbols rather than 
as neurons or perceptual features. The symbolic network 
architecture describes the system at a higher, more 
abstract level than does the connectionist architecture. 

In evaluating the plausibility of different architectures 
as responsible models of the human nervous system, it is 
good to keep in mind some of the parameters a system 
must fit if it is to claim that it describes human cogni¬ 
tion. 

It takes about one millisecond for a signal to cross the 
synapse between two neurons and longer, of course, for 
a sequence of such transmissions. A simple act of 
recognition takes roughly a second. Hence, all of the 
activities between simple- neural events and overt 
behaviours emanating from a few elementary infor¬ 
mation processes must be squeezed into a time range of 
only three orders of magnitude. Stated otherwise, an act 
of recognition cannot require more than a thousand 
successive synaptic crossings. 

When our concern is with modelling the human brain, 
these parameters put important constraints on the 
architecture of a serial system. But they also put severe 
constraints on the parallel systems that have been 
proposed, because the equilibration processes used by 
the connectionist systems require numerous rounds of 
successive approximation, or ‘settling down’. It is not 
evident one way or the other whether their time 
requirements are greater or less than those of a serial 
recognition system^~^. 
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Research priorities in natural products having 
CNS effects 


B. N. Dhawan 


Central Drug Research Institute, Post Box No. 173, Chattar Manzil, Lucknow 226 001, India 


The history of drugs is intimately woven with plants 
from the earliest times and even today plant products 
have extensive use in ethnomedicine, traditional systems 
of medicine as well as the armamentarium of the modem 
physician. The recent resurgence of interest in medicinal 
plants has been partly due to the problems being faced 
with synthetic drugs, including high cost (over US $200 
million)* and long time (15-20 years) required for their 
development, the use of nonrenewable fossil resources 
as the starting material and environmental-unfriendly 
technology, as well as their inadequacy in management 
of certain chronic diseases and toxicity. The natural 
products in contrast have better patient and public 
acceptance and tolerance, represent a renewable 
resource and the technology is comparatively simple and 
user-friendly. Biodiversity also represents a unique and 
rich resource of new lead generation^. 

Current status of research on natural products 
with effects on the central nervous system 

International studies 

A large number of clinically useful drugs acting on the 
CNS are plant-derived (morphine, reserpine, ephedrine, 
atropine, pilocarpine, etc.) as are several drugs of abuse 
(mescaline, LSD25, cannabis, etc.). Moreover, natural 
products have initiated new groups of therapeutic 
agents, the most recent being the psychotropic agents 
after introduction of reserpine. Valerian is still a useful 
sedative. In recent years, however, not much work has 
been carried out in countries other than India on plants 
having CNS activity. The two notable exceptions are 
ginseng, which has been widely investigated and used in 
various countries as an adaptogenic agent and Ginkgo 
biloba alkaloids^. Substantial amount of work has also 
been done on cannabinoids^ 

The national scene 

In India, however, many plants have been studied for 
CNS effects but only few have been evaluated syste¬ 
matically, and the results are summarized in several 
reviews^"^. Hence, only the highlights have been 
summarized below. 
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Strictamine, an indole alkaloid isolated from Alstonia 
scholariSy showed MAO inhibitory and antidepressant 
activity^. Alstovenine and venenatine isolated from A. 
venenata also showed significant psychopharmaco- 
logical properties*^. The plant is known to be beneficial 
in the treatment of mental disorders in traditional 
systems of medicine as well. 

The plants showing promising CNS stimulation 
activity are few and include Prangos pabularia and 
Conscora decussata. Osthol isolated from Prangos 
pabularia possessed powerful respiratory stimulant 
activity**. 

Asarone, isolated from Acorus calamus, possessed 
chlorpromazine-like action*^ but no clinical studies have 
been undertaken. Jatamansone, isolated from the 
essential oil of Nardostachys jatamansi, also showed 
tranquilizing activity*^. The plant is used in the 
traditional system of medicine. Tranquilizing activity 
has also been reported in Paspallum scorbiculatum^^ 
and Celastrus paniculatus^^, Other plants showing CNS 
depressant activity include Cymopogon citratus, 
Fumaria indica, Selinum vaginatum, Mesua ferrea and 
Calophyllum inophyllum^. 

Bacopa moniera exhibits significant nootropic activity 
and this has been shown to be due to the presence of two 
saponins, Bacosides A and B*^*^. Clinical studies have 
been initiated with the standardized Bacoside mixture. 
Celastrus paniculatus has also been shovm to improve 
learning and memory*^. 

Cannabis indica has been studied by the Indian 
scientists for over 40 years. The plant affects a number 
of neurotransmitters in the CNS. The abstinence 
syndrome, tolerance and physical dependence produced 
by the plant have been studied in a limited way and the 
most comprehensive study has been done by Chopra et 
al?^ Earlier too Chopra and Chopra^* had investigated 
thoroughly the abuse of opium. The current status of 
abuse of natural products in the country has been 
recently reviewed^^. 

Many plants have shown analgesic activity. Amongst 
these, Embelia ribes^^, Randia dumetorurr?^ and 
Stepania wightf"^ need to be mentioned. Promising 
antipyretic activity has been noticed in several plants, 
Wrightia tinctoria and Woodfordia Jloribunda being 
quite potent^^. Important plants having analgesic and 
anti-inflammatory activities include Cassia alatcP, 
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Curcuma longc?^ and Desmodium gangeticunP. Out of 
these, only curcumin from C longa has been studied 
systematically and is undergoing clinical trials. 

Another important area for which plants are being 
investigated is the adaptogenics. Withania somnifera, 
Ocimum sanctum, Cicer arietinum, Panax ginseng and 
related species have been shown to possess adaptogenic/ 
antistress activities in various laboratory models. 
Kulkarni and Varma^^ have recently reported the ability 
of a herbal preparation to attenuate the development of 
tolerance to morphine. 

The CDRI programme 

The CDRI programme on CNS-active natural products is 
a part of a comprehensive project on biological 
evaluation of authenticated samples of natural products. 
Detailed results have recently been reviewed* and 
experimental methodology published^*. In a broad-based 
screening about 3500 plant extracts and about 500 
marine organisms have been studied. About 2.6% of the 
plant extracts showed good CNS depressant activity but 
no CNS stimulant effect was detected. Among the 
marine extracts, 2% were CNS depressants but about 
6,5% had CNS stimulant activity. These are being 
systematically followed for isolation and characteriz¬ 
ation of active constituents and, if indicated, for further 
development as drugs. The second approach of 
specialized testing of traditional remedies has been quite 
rewarding and two of the plants, Bacopa monniera and 
Curcuma longa, are under clinical testing. Lead 
optimization studies resulted in a semisynthetic product, 
hyatin methiodide, from Cissampelos pareira. It 
exhibited potent neuromuscular blocking activity and 
reached clinical evaluation^^ but could not be marketed 
due to development of better synthetic substitutes. 

The leads and lacunae of Indian studies 

It is evident from this brief review that important leads 
have been obtained from Indian plants evaluated for 
CNS activities. Some of the leads in the area of learning 
and memory, analgesics/antipyretics and adaptogens 
appear particularly promising. Most of the studies, 
however, have been of a preliminary nature but few 
attempts have been made even to isolate and 
characterize the active constituents. In the majority of 
the cases nonauthenticated plant material was used and 
the chemical and biological procedures were often 
nonstandard. Except for CDRI, no other laboratory has 
studied marine organisms. The texts of traditional 
systems of medicine are seldom studied properly for 
selection of suitable plants. Finally, there seems to be 
poor awareness of the work done even within the 
country and the literature is full of repetitive and poorly 
planned studies. 


Priorities and strategies for future research 

It is important to pool resources for a coordinated effort 
on a limited number of plants. The priority areas for new 
drug development should be memory and learning, 
psychotropic drugs, adaptogenic agents and plants 
capable of affecting dependence liability. Any other 
existing promising leads should be expeditiously 
exploited. 

The choice of natural products is also important. Only 
authenticated samples should be investigated and it is 
important to develop centres of systemic botany (and 
even zoology for marine flora) with good herbaria. For 
broad-based screening, priority should be given to 
endemic plants and to threatened species so that the 
germ plasm could be preserved for active species. The 
marine flora and fauna are likely to yield novel lead 
compounds and deserve priority. The plants used in 
traditional system of medicine should be selected on the 
basis of published work and authenticated use in these 
systems. 

The tests for biological evaluation need refinement 
and precision. Facilities for in vitro/ex vivo binding 
assays with a battery of neurotransmitter receptors and 
purified enzyme systems must be set up and leads 
submitted to CDRI-type in vivo screening. There must 
be associated standardized chemical extraction proce¬ 
dures. 

The selection of active plants for preclinical studies 
must take into consideration the yield of active 
constituents, availability of the plant, etc. If necessary, 
synthesis/optimization of activity in semisynthetic 
compounds may be undertaken. CDRI experience has 
shown that in selected cases use of properly 
standardized extracts may give better results and also 
reduce the cost and requirement of the plant material^^. 
This approach is finding greater international 
acceptance. 

The Indian Council of Medical Research has, during 
the last decade, successfully developed an alternative 
approach of properly designed clinical trials with drugs 
used in traditional systems of medicine. The laboratory 
studies may follow these or be undertaken concurrently. 
So far, no drug used for treatment of CNS disorders has 
been selected for such a trial but it appears to be an 
useful alternative or even a parallel approach. 
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Peripheral markers for CNS disease 
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Growing evidence of a biochemical basis for the 
alterations in nervous activity, including behaviour and 
mood, has led the neuroscientists to investigate the 
precise mechanisms of neuropsychiatric disorders. 
Experimental studies involving animals and in some 
cases human volunteers have helped in understanding 
the pathogenesis of a variety of neurological and 
neuropsychiatric disorders and actions of drugs and 
chemicals. Delineation of the role of dopamine receptors 
in Parkinson’s disease and the observations that two 
environmental chemicals, viz. MPTP and manganese, 
could produce Parkinsonism-like syndrome is one such 
achievement. Similarly, copper and aluminium have 
been shown to play a role in Wilson’s disease and 
Alzheimer’s disease, respectively. These studies have 
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helped in the development of effective therapeutic drugs 
and better management of the patients. 

Advances in cellular and molecular neurobiology have 
established that neurotransmitters and their receptors 
and cellular signalling play a central role in the 
functioning of the brain. Ever since the understanding 
that neurotransmitters play a key role in the functioning 
of the brain\ neuroscientists have attempted to study 
them under clinical conditions using body fluids and 
post-mortem brain samples from disease-affected 
individuals. The latter studies have provided some 
useful information. However, the reliability of the data 
using post-mortem samples is uncertain due to 
difficulties associated with proper isolation and 
preservation of the tissue; this could significantly affect 
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the biomolecules. Moreover, the choice of age, sex and 
stage of disease is not possible. Monitoring of the 
observed biochemical alterations with the advancement 
of disease or treatment follow-up in living condition is 
not possible. Studies on cerebrospinal fluid (CSF) 
contents for metabolites of neurotransmitters in patients 
after lumbar puncture often pose ethical considerations 
and are not preferred. Henkins^ reported low zinc levels 
in saliva in the syndrome of idiopathic hypogeusia and 
other conditions with loss of taste. 

Neuroscientists have, therefore, attempted to use 
peripheral tissues and fluids as a marker for studying the 
function of CNS under healthy and disease conditions. 
For example, lacrimal fluid, saliva, sweat, urine, blood 
and blood components, and cerebrospinal fluid have 
been used for studying the following conditions: 

Saliva: . Henkin’s syndrome, low zinc levels, 
hypogeusia 

Lacrimal Toxic exposure to heavy metals, 

fluid: autonomic disturbances 

Sweat: Inborn errors of metabolism affecting 

CNS and autonomic system 
Urine: Porphyric polyneuropathy, multiple 

myeloma, homocystinuria, metachromatic 
leucodystrophy 

Blood: HLA tissue typing in genetic disorders, 

e.g. narcolepsy, alpha fetoproteins 
Red blood Acanthocytosis in dystonia, bone marrow 
cells: tumour, lead polyneuropathy, basophilic 

stippling 

Serum: Levels of copper (Wilson’s disease), raised 

serum prolactin level in true tonic 
clonic epilepsy 

Mast cells: Neurofibromatosis 
Lympho- Neurodegenerative conditions like 
cytes: movement disorder 

Platelets: Parkinson’s disease, affective disorders 
Cerebro- Myelin basic protein (MBP), multiple 

spinal sclerosis, ( T ) brain tumours, ( T ) IgA, IgG, 
fluid: IgS, other CSF proteins like glial fibrillary 

acidic protein (GFAP) ( T) in syringomyelia, 
(T) in spongiform encephalopathy (S-100 is 
increased in Creutzfeldt-Jacob’s disease and 
Alzheimer’s dementia). 

Enolase (14-3-2 protein) are possible 
precursors or markers of pathology in CNS. 
Abnormal pyruvate and lactate in some 
childhood metabolic CNS disorders present¬ 
ing with mental retardation. 

Urine 

Screening of metabolites of neurotransmitters in the 
urine of psychiatric patients suggests altered 
neurotransmitter function in certain conditions such as 


depression and schizophrenia^. In patients of depression, 
reduced levels of serotonin"^ have been observed. Sabelli 
et al^ have suggested a decrease in urinary phenyl 
acetic acid (PAA) as a marker for affective disorder 
associated with panic attacks. Urinary 3-methoxy-4- 
hydroxy phenyl-glycol aldehyde (MHFG) level has also 
been measured in depressed patients together with 
symptomatology^. However, urine analysis in 
psychiatric conditions offers an indirect method for 
assessing CNS activity and is limited in applicability. 
Moreover, conditions related to renal malfunction, 
presence of metabolites of drugs and chemicals could 
lead to erroneous data. Therefore, these urine-based 
estimations have not found much clinical application in 
studying CNS disorders. 

Blood components 

Whole blood 

Several workers have investigated peripheral 
neurotransmitter levels in neuropsychiatric diseases in 
terms of their concentration in whole blood. Most of the 
earlier reports on transmitter analysis in diseased 
conditions were based on using whole blood. 5- 
hydroxytryptamine (5-HT) content has been reported to 
be significantly lower in the blood of individuals with 
Down syndrome (Mongolism)^ and elevated in autistic 
children*. Whole blood catecholamines have also been 
investigated in juvenile obsessive compulsive disorder^. 
In schizophrenia whole blood 5-HT levels are 
significantly elevated^®. Interestingly, a recent report has 
mentioned the utility of a haemoglobin-acetaldehyde 
adduct as a new biological marker for alcoholism^^ 
Most of the present researchers now prefer isolated 
blood fractions such as plasma/serum for analysis in 
comparison with whole blood due to the convenience in 
storage of samples. 

Plasma 

There have been a large number of studies on the 
measurement of various neurotransmitters and 
associated substances in the plasma of diseased persons. 
Plasma levels of 5-HT^^ Taurine^^, norepinephrine^"* 
and dopamine*^ have been reported to be altered in 
patients with migraine, Spielmeyer-Vogt disease and 
schizophrenia, respectively. Plasma kynuramine and 
dexamethasone^^ levels have been suggested as good 
indices for monitoring depressive patients. Plasma 
dopamine p-hydroxylase activity has also been studied 
in psychiatric conditions*^. Often altered plasma levels 
are indicative of a ‘disease effect’ or ‘phase effect’ of 
the state, as in the case of elevated plasma 
tetrahydrobiopterin levels in psychiatric patients**. 
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Serum 

Certain serum enzymes have been evaluated as possible 
peripheral markers for CNS disorders. Studies have 
been conducted on serum and CSF a-l-antichymo- 
trypsin level in patients with Alzheimer-type dementia, 
Down syndrome, vascular dementia, Parkinson’s disease, 
spinocerebellar degeneration, cerebrovascular disease with 
dementia and Duchenne muscular dystrophyA signifi¬ 
cant elevation of a-l-antichymotrypsin was observed 
specifically in sera and CSF of Alzheimer-type dementia 
patients, although there was no correlation between 
serum levels and the degree of dementia. Enzymes like 
acetylcholinesterase (GH isoenzyme)^^ and creatine 
kinase^^ have been studied as markers for Alzheimer- 
type dementia and major depression, respectively. Low 
dopamine p-hydroxylase has been suggested as a 
biological sequela of abuse and neglect in children^. In 
certain nonpsychiatric conditions such as follow-up of 
brain tumour patients after surgery, serum thymidine 
kinase has been found to be a useful peripheral marker^^. 
Both serum and urinaiy p-hexosaminidase have been 
suggested as markers of heavily drinking alcoholics^"^. 

Lymphocytes 

With the demonstration of specific neurotransmitter¬ 
binding sites such as adrenergic and dopaminergic in 
peripheral lymphocytes, their responsiveness in certain 
disease conditions has been studied. Altered ^H- 
spiperone binding has been reported in lymphocytes of 
Parkinson’s disease patients^^. Differences in tritiated 
spiperone binding between neuroleptic responsive and 
nonresponsive schizophrenic patients have been 
observed. Masserini et al}^ investigated lymphocyte 
subsets in schizophrenia in relation to clinical, 
neuromorphological and treatment variables. Adrenergic 
receptors in lymphocytes have been studied in condi¬ 
tions such as congestive heart failure^^ and asthma^^. A 
reduction of lymphocyte p-adrenoceptor level in chronic 
alcoholism followed by rapid reversal after ethanol 
withdrawal has been reported^^. Lymphocytic glutamate 
' dehydrogenase activity has been measured in physio¬ 
logical aging and neurological diseases^®. In their report, 
heat-stable GDH was significantly elevated in aged 
people while a decrease in activity was observed in 
Parkinson’s and Alzheimer’s disease patients. In addition 
to lymphocytes, elevated state of leucocyte (WBC) 
adhesiveness/aggregation has also been suggested as a 
new independent marker of mental stress^ ^ 

Platelets 

Blood platelets have been considered as a peripheral 
model for the central nervous system for quite some 


time. Initially, platelets were proposed as a model for 
presynaptic nerve terminals on account of their ability to 
accumulate, store and release biogenic amines such as 5- 
hydroxytryptamine, noradrenaline and dopamine^"”*’^. 
Reports on the presence of neurotransmitter and drug 
receptor proteins in platelets which are altered in several 
neurological or psychiatric disorders have further 
strengthened the proposition of platelets as neuronal 
model. With the demonstration of several neuro¬ 
transmitters and their receptor sites and related enzymes, 
platelets can be considered to have multineuro¬ 
transmitter sites similar to neurons. Similarities between 
platelet and brain neurotransmitter proteins have been 
demonstrated immunologically^^ and by the discovery of 
neuron-specific proteins such as enolase^^’^^ and 
synaptophysin^^. 

The use of blood platelets as a model system for the 
synaptic apparatus can, however, be justified only for 
those parameters where it can be shown that blood 
platelets and nervous tissue share almost identical 
characteristics. To date, the knowledge of many 
biochemical mechanisms underlying platelet physiology 
is still fragmentary. In fact, the functional role of 
neurotransmitter-receptor binding sites located on the 
platelet cytoplasmic membranes, i.e. their coupling to a 
specific transmembrane signalling mechanism, needs 
precise biochemical and physiological characteri- 
zation"*^. 

Some structural aspects of platelets are analogous to 
those of neurons. Both possess a limiting membrane, 
mitochondria and dense-cored vesicles where neuro¬ 
transmitters are stored. Mitochondria provide energy for 
cellular functioning and localize monoamine oxidase 
(MAO)"*^ for neurotransmitter catabolism like neurons, 
and the vesicles or granules are storage sites for 
serotonin, prepacked for release by excitation-secretion 
coupling. Platelets and neurons differ in some 
respects^^, e.g. platelets contain alpha granules which 
store glycogen while neurons do not, and neurons 
contain a cell nucleus whereas platelets are anucleated. 
Perhaps very important is also the fact that platelets are 
not 'innervated’ and do not innervate’; thus, they lack 
synapses. The platelets can be considered structurally as 
a model for the presynaptic serotonergic nerve terminal 
but cannot serve as a model for synaptosome since the 
post-synaptic element of the synapse is lacking. 
However, other platelet membrane receptors may 
potentially model either presynaptic or postsynaptic 
neuronal receptors. 

Monoamine systems in platelets 
Serotonin 

Ever since the presence of serotonin was demonstrated 
in platelets"^^, its biosynthesis in platelets has been a 
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subject of extensive study. The current belief is that 
human platelets do not synthesize 5-HT^^, rather the 5- 
HT destined for platelets is believed to be synthesized in 
enterochroniaffin ceils of the gut. New platelets from 
bone marrow have storage granules and transport 
mechanisms but no 5-HT. When they pass through the 
gut circulation the new platelets pick up their 

Uptake and storage 

5-111' accumulation in platelets is against a cor.siderable 
concentration gradient, reaching as high as r.OOil for 
piaieiets compared to plasma^"*. Uptake is both by active 
and passive processes and occurs mainly at two sites: 
the cytoplasmic membrane and the intracellular 5-HT 
storage organelles. Of particular interest are the studies 
with plasma membrane vesicles of porcine platelets 
since the transport of 5-HT across the membrane can be 
examined independently from intracellular events'^^’'*^ 
Active uptake of 5-HT is selective, temperature- 
sensitive and concentration-dependent, exhibiting 
struclurai specificity and ion dependency"*^. Active 
transport system of platelets is similar to the brain in 
terms of pharmacological and kinetic parameters"*^ 
although differences may exist"*^. Interestingly, it has 
been observed that antibodies against blood platelets 
influence 5-HT uptake and imipramine binding in 
synaptosomes^^\ Metabolic inhibitors, e.g. cyanide, 
fluoride, dinitrophenol, monoiodoacetate as well as 
ouabain, in concentrations which do not cause apparent 
damage to the platelet structure, decrease the uptake of 
5-HT^‘\ The serotonin transporter system in platelets has 
been excellently reviewed^*^^~. At high concentrations 
M) the uptake of 5-HT is by passive diffusion^^. 

Blood platelets are able to not only accumulate 
exogenous amine but also store them in a metabolically 
stable form in specific storage organelles"*^. The 5-HT 
storage granules are spherical bodies containing a dense 
aggregate of osmiophilic material surrounded by a unit 
membrane. The granular amine transfer mechanism does 
not appear to be classically ‘active’ since it lacks 
dependency upon energy. Monoamines have been shown 
to interact with ATP by electrostatic forces, thus 
forming storage complexes^^. Recently, serotonin 
organelles of rabbit platelets have been shown to contain 
synaptophysin*^^. 

Release 

Release of 5-HT by platelets has been shown to occur 
through several mechanisms. Passive efflux^'*, disruption 
induced by external stimuli such as and 
concentrations, thrombin and platelet activating factors 
cause the release of platelet 5-HT by a common 
mechanism known as platelet release reaction. In both 
platelets and neurons three main types of release, viz. 


exocytotic release, reserpine-induced release and 
phenyl- or indolyl-alkylamines-induced release have 
been observed. Also, similarity in the mechanism 
underlying these three types of release in platelets and 
neurons has been outlined"*^ although the stimuli for 
exocytosis may differ. 

Degradation 

Monoamine oxidase (MAO), responsible for the 
oxidative deamination of monoamines, and 5-HIAA, the 
major metabolite of 5-HT, have been demonstrated in 
platelets. In human platelets, MAO has been found to be 
of B type, as the enzyme preferentially catalyses the 
deamination of amines like p-phenethylamine and 
benzylamine, and is relatively sensitive to the B-type 
MAO inhibitor deprenyl^^. The properties of MAO A 
and B in platelets are similar to those of the corres¬ 
ponding enzymes in the brain^^. Human blood platelet 
monoamine oxidase has been proposed as a biological 
marker for a variety of psychiatric diseases"**. 

Catecholamines 

Metabolism 

Biosynthesis of catecholamines, dopamine, epinephrine 
and norepinephrine has not been demonstrated as yet in 
platelets. However, platelets contain the enzyme phe- 
nolsulphotransferase capable of catalysing the sulpho- 
conjugation of a wide variety of phenolic compounds, 
including dopamine, in a manner similar to the brain 
tissue^^ 

Uptake and storage 

Adrenaline^^ noradrenaline^^, metaraminol^^ and 
dopamine^^ accumulate in blood platelets against a 
concentration gradient at 37°C. Recently, a highly 
selective, temperature-dependent uptake system for 
dopamine comprising both high- and low-affmity 
components has been demonstrated in human platelets^"* 
which is similar to brain dopamine uptake^. This system 
is an independent one for dopamine as the other 
sympathomimetic amines, adrenaline and noradrenaline, 
have no effect. In addition to this, passive diffusion may 
also account for dopamine uptake^*. Platelets have been 
considered as poor investigative models for dopamine 
reuptake^“. Similarities in catecholamine uptake system 
of adrenergic neurons and platelets have also been 
suggested^^. The passive uptake components for 
adrenaline and noradrenaline are dominant over the 
energy-dependent, carrier-mediated mechanism. Adre¬ 
naline, dopamine and, to a lesser extent, noradrenaline 
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accumulate in the 5-HT storage granules^ though the 
amounts are considerably less compared to 5-HT. 

Release 

Catecholamines may be released from storage granules 
along with 5-HT during the platelet release reaction. 
However, no independent release factors or conditions 
have been reported for them. Born and Smith^^ demon¬ 
strated that following incubation with radiolabelled 
adrenaline, more than half the accumulated radioactivity 
is present as adrenaline metabolites. In contrast, both 
dopamine and noradrenaline are only slowly meta¬ 
bolized following accumulation although dopamine at 
least is a substrate for the platelet monoamine oxidase. 

Platelets accumulate dopaminergic neurotoxin 
MPTP^^, which is rapidly converted to MPP"^ by platelet 
MAO MPP*^ itself is also actively accumulated by 
the same energy-dependent carrier mechanism as that 
utilized for transport of 5-HT and dopamine^^. Blood 
platelets have been considered as a very useful cell 
model for studying in vitro and in vivo mechanisms 
leading to cell-specific accumulation of the neurotoxin 
MPTP and MPP'" (ref. 40). 

Amino acids and other compounds 

In addition to biogenic amines, platelets can accumulate 
other neurotransmitters or neuromodulators such as 
glutamate, aspartate, glycine, taurine and GABA^^’^^. 
It has been reported that 75% of GABA present in the 
blood is concentrated in platelets, suggesting their 
ability to accumulate and/or synthesize GABA^^. Blood 
platelets also contain a relatively high proportion of 
free amino acids^° such as glycine, glutamic acid, 
taurine and aspartate, GABA transaminase has been 
detected in the lysate of platelets with properties similar 
to those found in the brain, liver or kidney^\ 
Interestingly, the high-affinity GABA uptake system in 
platelets seems to resemble glial cells^^. Further, related 
amino acids inhibit GABA uptake in platelets, suggest¬ 
ing the possibility of a common transport mechanism^^. 

Neurotransmitter binding sites in blood 
platelets 

Serotonergic binding sites^^' 

In addition to membrane receptors for serotonin uptake^^ 
and for tricyclic antidepressants^^, other types of 
membrane receptors for serotonin have been demon¬ 
strated in blood platelets. Such receptors seem to differ 
from the serotonin receptors responding to substances 
such as ADP, thrombin and collagen. A great deal of 
speculation exists about different categories of serotonin 
receptors in the brain. Some investigators categorize 
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them as presynaptic and postsynaptic serotonin 
receptors regulating the neuronal firing and synaptic 
functioning of serotonin neurons. Others categorize 
serotonin receptors by their ability to be stimulated 
and/or blocked by specific antagonists or their link to 
adenylate cyclase or different binding ligands. Three 
subtypes of serotonin receptors have been characterized 
in the brain so far^^. At present it is difficult to compare 
the various subtypes of brain serotonin receptors with 
those of platelets. However, among the platelet neuro- 
transmitters, serotonin receptors have been the best 
studied ones. Initially, serotonin membrane receptors of 
platelets were studied on the basis of physiological 
parameters (i.e. shape change, aggregation) rather than 
on purely molecular pharmacological grounds, i.e. 
ligand binding^^. Pletscher and his associates explored 
extensively a 5-HT receptor on the outer membrane of 
a platelet which mediates shape change reaction-a 
transition from the physiological discoid form into a 
spheroid form^^. This receptor is distinct from the 5-HT 
uptake site and is stimulated and blocked by various 5- 
HT agonists and antagonists as well as by drugs that 
inhibit platelet shape change^^. The platelet 5-HT 
receptors have been considered to be a better model for 
5-HT receptors in the spinal cord and reticular format¬ 
ion than for 5-HT receptors in the central nervous system. 

An elegant series of experiments by Leysen and 
coworkers has unveiled the presence of putative 5 -HT 2 
receptors labelled by ^H-ketanserin on blood platelets^^. 
This ligand was found to label cat platelet 5 -HT 2 
binding sites, demonstrating similar pharmacological 
characteristics as of rat striatal and frontocortical sites. 
5 -HT 2 receptors in human platelets have also been 
identified using the antidepressant drug derivative ^H- 
tetrahydro-transodone, which binds to human brain. In 
addition to direct binding studies, Leysen’s group has 
shown functional correlations in both brain and platelets 
5-HT receptors. Whereas brain 5 -HT 2 binding is 
correlated with animal behaviour (tryptamine-induced 
chronic seizures, mescaline and 5-hydroxytryptophan- 
induced head twitches), platelet 5 -HT 2 binding is 
correlated with 5-HT-induced platelet aggregation. The 
5 -HT 2 receptors of blood platelets do not appear to 
activate the adenylate cyclase system. Binding of ^H- 
lysergic acid diethylamide (LSD) in platelets has been 
suggested as a model for studies on peripheral and 
central 5-HT receptors in man^^. The platelet 5 -HT 2 
receptor has often been proposed"^^’as an effective 
model for 5 -HT 2 receptors in the brain and could serve 
as a window to CNS disorders linked to 5 -HT 2 receptors 
such as anxiety and depression^^. 

Dopaminergic binding sites 

In the past twenty years, dopaminergic neuro¬ 
transmission has received considerable scientific 
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attention^*^. Involvement of the dopaminergic systems in 
neurological and psychiatric states has provided impetus 
for studying dopaminergic transmission in CNS 
functioning^^ Receptors for dopamine have also been 
characterized in peripheral tissues like oesophagus*^ 
gastrointestinal tract*^, ciliary body*^ liver*^, kidneys*^, 
lymphocytes^^ and in blood platelets*^ Earlier studies 
have shown that ^H-haloperidol labels intact blood 
platelets (platelet-rich plasma) nonspeciflcally**. 

Adrenergic binding sites 

Physiological and pharmacological studies indicate that 
actions of catecholamines involve both a- and p- 
adrenergic receptors in several tissues. Adrenoceptors in 
the CNS have been subdivided primarily into a and p 
types, which are further differentiated into al, a2 and 
pi and P2 subtypes*^. Existence of multiple types of a- 
adrenergic receptors in different tissues and the presence 
of some of these in the platelets has been demon¬ 
strated^^. Since classification of a-adrenergic receptors 
is complex and constantly changing due to rapid 
advances in this field, it is often difficult to draw 
similarities between the brain and the platelets. The 
initial observations that platelet aggregation induced by 
physiological catecholamines could be possibly 
mediated by adrenoreceptors led to the discovery and 
characterization of both and p-adrenoreceptors^^ in 
platelets. The observed response to adrenaline seems to 
depend on the number of stimulatory a-adrenoreceptors 
present, as well as on the ratio of these receptors to the 
inhibitory adrenoreceptors present on platelets. It has 
been suggested by many investigators that a-adreno- 
ceptors on the human platelets are exclusively of the a2 
subtype^^. When a-adrenergic agonists (such as norepi¬ 
nephrine) .occupy the membrane receptors, adenylate 
cyclase activity is inhibited, cyclic AMP production is 
decreased and platelets tend to aggregate^"^. 

Interestingly, a2-adrenoceptors on human platelets, 
like those on neurons in the rat brain, appear to become 
subsensitive after long-term administration of tricyclic 
antidepressant drugs. Further, chronic administration of 
tricyclics to endogenously depressed patients was found 
to reduce the number of ^H-clonidine binding sites on 
the platelet membranes. Observations such as these 
highlight the fact that specific binding of radiolabelled 
a2-adrenoceptor ligands to human platelet membrane 
could be used to evaluate a2-adrenoceptor function in 
endogenous depression as well as to assess biochemi¬ 
cally the therapeutic responsiveness. 

Brain and platelet a2-adrenergic receptors exhibit 
similar quantitative pharmacologic responses to a 
number of agonists and antagonists'^^. Furthermore, 
changes in platelet aggregation and a2-adrenergic 
receptor sites in depressive disorders have been 
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correlated with Changes in central adrenoceptor 
density^^. Based on all these similarities in pharmaco¬ 
logical and kinetic properties between the brain and 
platelet adrenoceptor sites, the responsiveness of the 
blood platelet a2-adrenergic sites in certain psychiatric 
conditions^ have been suggested to serve as a satis¬ 
factory model for investigating certain characteristics of 
the brain a2-adrenergic receptors^^. 

The presence of p-adrenergic, predominantly of p2 
subtype binding sites, has also been shown in human 
platelets^^. pi-selective antagonists (atenolol, meto- 
prolol) had no influence on isoprenaline-induced cAMP 
formation in human platelets. The validity of platelet a- 
adrenoceptors as a model for brain versus vascular 
adrenoceptor has been suggested^^. 

GABA binding sites 

There is only one report^* stating the existence of 
GABA binding to human platelets using ^H-muscimol as 
the ligand. The possible role of GABAergic mechanisms 
in blood platelets has also been reviewed"^. 

Drug binding sites 

Binding sites for tricyclic antidepressants, noncyclic 
antidepressants, benzodiazepines, phencyclidine and 
other drugs have been demonstrated and used in the 
study of certain neuropsychiatric disorders^^”^^^. 

National scene 

Most of the studies conducted in the country on 
peripheral markers have been confined to blood 
platelets. Earlier studies conducted by Prof. K. P. 
Bhargawa’s group (King George’s Medical College, 
Lucknow) demonstrated that the uptake of 5-HT in 
platelets is diminished in hypertensive patients. In a 
recent study conducted by this group on hypertensive 
patients, a marked decrease in 5-HT content and 
increase in 5-HT efflux, accompanied by increase in 
plasma 5-HT and 5-HIAA levels has been reported^®^. A 
significant correlation between rise in diastolic blood 
pressure and these changes in 5-HT kinetics in platelets 
in these hypertensive cases was observed. This group is 
continuing their study on uptake of 5-HT and other 
neurotransmitters in platelets. 

A significant amount of work has been done by Seth 
and his associates on platelet 5-HT and DA- 
neurotransmitter receptor types. High-affmity binding of 
^H-5-HT has been demonstrated to occur on 5-HT 
uptake sites^^V as inhibitors of 5-HT uptake, namely 
amitryptaline, imipramine and nortryptaline, were potent 
inhibitors of binding rather than 5-HT receptor 
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antagonists like methysergide and c> 7 }roheptadine. 
Recently, they have also observed specific glutamate 
binding sites in blood plateletsThe presence of 
both DA-Dl and DA-D2 receptor binding sites in 
platelets have also been shown by this group . 

Platelet dopaminergic binding sites have been 
proposed as possible peripheral markers for CNS 
dopaminergic alterations in neurotoxic and neuro¬ 
logical conditions*®*- Exposure to neurotoxicants such as 
acrylamide, styrene and methylmethacrylate has been 
reported to lead to a significant increase in ( H)- 
spiperone binding in platelet and striatal membranes, 
whereas methyl mercury chloride exposure results in 
significant decrease of binding in both tissues . 
Investigations carried out in neurologic conditions such 
as mental retardation and hyperkinesia reveal an 
elevation of ^H-5-HT binding compared to controls. 
Platelets from schizophrenic patients were found to 
elicit significant elevation in ^H-spiperone (labelling 
DA-D2 receptors) binding**®. Interestingly, these 
alterations have been found to be analogous to changes 
reported in corresponding CNS sites in these 
conditions***. 

Using the DA-D2 binding assay, the authors studied 
human blood platelet membrane in idiopathic 
Parkinson’s disease (IPD). Two subgroups were evident 
in the 108 IPD cases studied: one exhibiting an increase 
and the other a decrease in ^H-spiperone binding. It is of 
interest to note that the patients exhibiting increased 
spiperone binding, responded satisfactorily to L-dopa 
therapy clinically (assessed on H & Y scale and 
Webester scale). They also showed a downward trend in 
the ^H-spiperone binding on follow up. The patients who 
exhibited a decreased ^H-spiperone binding, showed a 
poor clinical response as well as no significant change 
in the binding of ^H-spiperone following L-dopa 
treatment. A significant decrease in platelet 5 -HT 2 
receptor was observed in IPD cases. As in the case of 
‘dopamine receptors’ no correlation of clinical staging 
with the 5 -HT 2 receptor alterations was observed. The 
activity of monoamine oxidase in platelets was found to 
be increased in Parkinson’s patients. A significant 
decrease in platelet aggregation induced by ADP (32%) 
and EPN (60%) was also observed in Parkinson’s cases. 

Conclusion 

The measurement of transmitter-related parameters in 
human peripheral tissues and body fluids not only 
allows intraspecific analysis under desired clinical 
supervision but also the data may be obtained relatively 
painlessly and with little risk to the patient. A major 
advantage of peripheral markers is that investigative 
tissue can be obtained at various stages of an episodic 
disease process and many time-based fluctuations may 
be monitored in the same individual; hence, excellent 


control of biological variation is possible. At present, 
the search for markers in psychiatry has attracted 
significant attention of both clinicians and neuro¬ 
chemists. In spite of current limitations, biological 
markers may ultimately increase the precision of 
clinicians’ nosologic and therapeutic decisions. Besides, 
their use in monitoring of patients during clinical 
examination is another attraction. 


Researchable questions 

In spite of certain unanswered questions, platelets 
continue to be an attractive peripheral model for the 
central nervous system to biochemists, neurobiologists 
and clinicians. Their morphological and biochemical 
similarities with neurons and the ease with which they 
could be repeatedly obtained from the same human 
being, combined with the reports that alteration in 
platelets reflect the changes occurring in the brain in 
live situations, makes them the most viable peripheral 
model. Most of the existing information about the 
biochemical basis of neuropsychiatric disorders has 
been derived from the studies of postmortem brain 
samples. Unfortunately, variations such as tissue 
collection and preservation procedures and the limited 
choice of age, sex or the actual stage of disease often 
lead to variable and even nonreproducible data. 
Although the availability of current techniques like 
positron emission tomography (PET) and nuclear 
magnetic resonance (NMR) makes it possible to study 
the neurotransmitters and their interaction with receptors 
in the live brain, the technique is expensive and not 
available easily in all the hospitals and biomedical 
centres. This further makes blood platelets study an 
attractive alternative. 

The existing literature suggests that, platelets could 
possibly be used to study certain neurological disorders, 
but there is a need to understand further their 
characteristics and mechanisms which bring about 
changes in the platelet receptors under disease 
conditions like (a) Parkinsonism, (b) schizophrenia, (c) 
depression, (d) exposure to toxic chemicals and drug 
exposure, (e) prognosis of disease and (f) drug abuse, 
especially the effect of cocaine, nicotine, heroin on 
dopamine and 5-HT receptors or (g) exposure to 
specific environmental pollutants like cadmium. The 
uncertainties about the usefulness of the platelet as 
neuronal model can probably be settled as more data 
about structure and function of the binding proteins are 
understood. 
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Aging - Molecular aspects 
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Due to the rapid strides of progress in medicine and 
health care practices, the average human life span has 
been on the increase during the past 100 years. Conse¬ 
quently, there has been a steady rise in that fraction of 
the population which is above 60 years. For example, it 
is estimated that today there are about 60 million 
persons in India who are above 60 years of age. If the 
present trend continues, it is expected to touch the 100 
million figure soon after the turn of the century. The 
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picture is more alarming in the case of developed 
countries like USA, if one considers the percentage of 
population above 60 years. 

How old age is viewed in a society is a cultural issue. 
How an organism becomes old is a biological question. 
However, deterioration in mental fimetion is both a 
biological as well as a sociological issue. The study of 
the aging phenomenon is termed as gerontology. If the 
study emphasizes on the brain or the central nervous 

CURRENT SCIENCE, VOL. 68, NO. 2, 25 JANUARY 1995 


NEUROSCIENCE - A MULTIDISCIPLINARY APPROACH 


system (CNS), then it become neurogerontology. It 
appears that human beings are the only creatures on the 
earth who are haunted by being conscious of their 
imminent mortality. It is also clear that death can occur 
at any age through a fatal accident or through failure of 
a vital physiological function. Mortality, on the other 
hand, can also merely be an end point of a physiological 
process called aging or senescence ~ characterized by 
deterioration of all physiological activities, including 
the ‘mental capacity, and increased proneness to 
infection and disease, thus making this section of the 
population dependent on the rest of the society. It is this 
second aspect that has attracted the attention of 
scientists as well as administrators to explore the possi¬ 
bility whether through appropriate research ‘healthy 
aging’ can be achieved so that aging population could 
actually be converted into an asset to the society rather 
than being a liability. Indeed, the US government, 
realizing this need, had started a separate Institute for 
aging research, The National Institute on Aging, more 
than 15 years ago! 

International status 

The real support to gerontological research has come 
only during the last 30 years, mostly because of the 
advent of molecular biology, which provided tools to 
look at the various physiological processes at the 
molecular level. Thus, a great volume of literature on 
the possible mechanisms behind the process of aging has 
already accumulated. Several theories have been 
proposed on the basis of experimental observations as 
well as through intuition. 

Many reviews have appeared in the recent times to 
summarize all the information available, as also to 
evaluate critically the various theories of aging. Some of 
these emphasize the genetic factors as determinants of 
the process, while the others give importance to random 
accumulation of damage such as that caused by 
mutations, errors and free radicals, in addition to the 
genetic component^"^. 



Figure 1. Maximum life span of different species. Note the dif¬ 
ference between man and mice - both mammals. 
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As a result of extensive research activity all over the 
world during the past 20 years to understand the 
phenomenon of aging, the following major conclusion 
has emerged: 

The process of aging is genetically programmed, 
involving changes in gene expression 

This conclusion is based on a multitude of experimental 
observations on the following lines: 

1. Different species have different maximum life 
spans but for a given species the maximum life span 
appears to be fixed (Figure 1). For example, in humans 
the maximum life span that could be achieved may be 
taken as 100 years. However, it must be noted that all 
the individuals do not reach this maximum point due to 
a variety of factors. Thus, the average life span of 
humans is generally considered to be around 70-75 
years in the western countries, while in India it is about 
59 at present. 

2. There is a curious link between the reproductive 
phase and the onset of the aging process, both phases 
exhibiting a temporal relationship - no matter what the 
actual length of life span is in a given species^. 

3. There is considerable evidence that genetic damage 
(DNA damage) accumulates with age and the mecha¬ 
nisms to repair such a damage are not efficient enough 
in old age^~^^. 

4. Since DNA damage and its repair show a 
correlation with the aging process, it is postulated that 
neuronal cells, being post-mitotic, offer a good model 
system to study this correlation^"*. 

5. DNA repair is a discrete process and does not 
occur in a homogeneous fashion throughout the genome. 
Genes which are transcriptionally active undergo repair 
in a preferential manner. Also, DNA repair occurs 
selectively in the transcribed strand of a gene. However, 
in neuronal type of cells, both the strands of active gene 
are repaired with equal efficiency*^. 

6. A number of human syndromes where premature 

aging is seen are found in nature. In some of these 
disorders neurodegeneration and defective DNA repair 
are also seen (Table 1 )^ 2 , 16,17 aging is a 

multigene-dependent phenomenon. 

7. Some genes responsible for senescence, DNA 
repair as well as certain neurodegenerative disorders in 
humans are discovered now**“^*. 

8. It is possible to correct some defects found in the 
above-mentioned syndromes either by somatic hybrid¬ 
ization or through microinjections of appropriate 
factors^^’^^. 

9. Manipulations that could lead to decreased oxi¬ 
dative damage to DNA have been found to prolong the 
longevity in experimental animals^"*’^^. 

10. There is hope that by suitable genetic and dietary 
intervention, the aging process could be modulated and, 
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Table 1. Genetic disorders that show signs of elevated genomic 
(DNA) damage/premature aging/neurodegeneration 




Symptoms 


Disorder 

Genomic 

damage 

Neuro- 

degeneration 

Premature 

aging 

Ataxia telangiectasia 

4- 

+ 

+ 

(Louis-Bar syndrome) 

Cockayne’s syndrome 

-f 


+ 

Down’s syndrome 

+ 

+ 


Xeroderma pigmentosum 

+ 

+ 

- 

Huntington’s disease 

+ 

+ 

- 

Parkinson’s disease 


+ 

- 

Alzheimer’s diseases 


+ 

- 

Friedrich’s ataxia 


+ 

- 

Amyotrophic lateral sclerosis 

+ 

+ 

- 

Familial dysautonomia 

+ 

+ 

- 

Usher’s syndrome 

+ 

+ 

- 

Bloom’s syndrome 


- . 

- 

Fanconi’s anaemia 


- 

- 

Werner’s syndrome 


- 

+ 

Progeria (Hutchinson- 

Gilford’s syndrome) 

? 

- 

+ 

Turner’s syndrome 

- 

- 

+ 


Information reproduced from ref. 7. 


more importantly, debilitative aspects of old age could 
be eliminated. 

National scene 

Although there exist several groups in India working on 
diverse aspects of aging, there are only a couple of 
centres working actively on the molecular aspects of 
aging - the group at the Zoology Department of Banaras 
Hindu University, headed by Prof. M. S. Kanungo, and 
the other group at School of Life Sciences, University of 
Hyderabad, headed by the author. The third group is 
also coming up at Cancer Research Institute, Bombay, 
the leader being Dr. V. S. Lalitha. 

The group at Banaras Hindu University believes that 
aging is due to sequential activation of some genes with 
simultaneous repression of others at about the time of 
reproductive phase of the animal. Their extensive 
studies during the past several years have shown that 
transcription decreases during old age and this is 
primarily due to the highly condensed chromatin 
structure in the brain and other tissues. Using different 
molecular biological techniques, these workers have 
come to the same conclusion time and again^^^^. 

The molecular neurobiology group at Hyderabad has 
been concentrating mainly on examining the 
accumulation of age-related DNA damage and its repair 
in rat brain cells. This is the only group in the country 
which studies aging process exclusively in the brain 
cells and at the DNA leveP, The results obtained so far 
demonstrate that DNA damage (single- and double- 
strand breaks) definitely accrues in rat brain neurons 

214 


with age^^’^^. It is also shown that, in spite of the 
increased single-strand breaks, the DNA from an old 
brain exists in a more compact state, resulting in 
decreased transcriptional efficiency, particularly the one 
catalysed by RNA polymerase II^®. 

It is also shown by the Hyderabad group that isolated 
neuronal cells in culture offer an excellent model system 
to examine DNA repair at different ages. It was found 
that while the neurons from an old brain retain the same 
basic DNA repair potential (both excision and mismatch 
repair) as that of the adult neurons, their capacity to 
respond to a mutagenic challenge like UV light is 
limited. It is postulated that it is this limitation to cope 
up with the ever-increasing DNA damage that may be 
responsible for aging and death in the brain^®. Studies 
are in progress to measure the precise DNA damage that 
accumulates and also the level of various enzyme/ 
protein factors that are required for the repair of such 
damage. 

Dr. Lalitha’s group at Bombay is isolating certain 
neurotrophic factors elaborated by cancerous cells. It is 
their aim to characterize these factors and to see whether 
these factors could be utilized to stimulate quiescent 
brain cells to grow and divide. This aspect has long- 
range implications of therapeutic potential, including 
neuronal transplantation. 

Neurogerontology 

Neurogerontology is gaining enormous attention of the 
gerontologists all over the world for two reasons. 
Firstly, it is clear now (partly because of the work done 
at Hyderabad) that neuronal cells offer an ideal model 
for studying age-dependent changes at the DNA level. 
Secondly, one of the most dreadful and incapacitating 
consequences of aging is the deterioration of mental 
function. Several neurological debilities develop 
occasionally during old age, thus making that part of the 
life miserable and despicable. Therefore, the subject of 
age-dependent neuronal degeneration has become one of 
the topmost thrust areas for research. Indeed, the 
nineties have been declared as ‘The decade of the 
brain’. 

There is no doubt that India should not lag behind in 
wresting an initiative in an important area like molecular 
gerontology, particularly because there already exist 
some groups making active contributions to the area 
with international recognition. This Indian lead must not 
be lost. 

It is imperative that future research in this field must 
utilize all the biochemical and molecular biological 
tools available today. Also important is the fact that this 
research must be directed at examining the specific 
genes and their products that become active in the post- 
reproductive phase of the life span. Accumulation of a 
particular type of DNA damage and its repair must be 
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Studied in a specific gene. The available technology 
makes such studies possible. Similar studies can be 
carried out in various age-dependent neurodegenerative 
conditions whenever such material is available, in order 
to pinpoint precisely the genetic defect in such disorders 
and to launch therapeutic measures at the genetic level 
or through transplantation of normal cells into the 
brain area. 

Since the chromosomal localization of a number of 
genes has been established and also cDNA probes are 
becoming available for many genes, it should be 
possible to study in a specific gene the conformational 
state, the damage that is present and the repair of that 
damage. 

What is needed, however, is the establishment of 
appropriate infrastructural facilities and continued 
encouragement by agencies like DST and DBT to places 
where such work is already Initiated and there lies 
promise for meaningful achievements. 


1. Maynard Smith, J., Proc. R. Soc. London, 1962, 157, 115-127. 

2. Warner, H. R., Butler, R. N., Sprott, R. L. and Schneider, E. L. 
(eds.). Modern Biological Theories of Aging, Raven Press, New 
York, 1987. 

3. Rattan, S. 1. S. and Clark, B. F. C., Trends Biotechnol., 1988, 6, 
58-62. 

4. Finch, C. E., Longevity, Senescence and the Genome, University 
of Chicago Press, Chicago, 1990. 

5. Bernstein, C. and Bernstein, H., Aging, Sex and DMA Repair, 
Academic Press, San Diego, 1991. 

6. Subba Rao, K., J. AP. Akad. Sci., 1988, XXII, 17-28. 

7. Subba Rao, K., Mol. NeurobioL, 1993, 7,23-48. 

8. Kanungo, M. S., Genes and Aging, Cambridge University Press, 
1994. 


9. Hart, R. W. and Setlow, R. B., Proc. Natl. Acad. Sci. USA, 
1974, 71,2169-2173. 

10. Gensler, H. L. and Bernstein, H., Q. Rev. Biol., 1981, 56, 
279-303. 

11. Vijg, J. and Knook, D. L., J. Am. Geriatr. Soc., 1987, 35, 
532-541. 

12. Warner, H. R. and Price, A. R., J. Gerontol., 1989, 44, 45-54. 

13. Subba Rao, K. and Loeb, L. A., Mutat. Res., 1992, 275, 
317-329. 

14. Subrahmannyam, K. and Subba Rao, K., Mech. Aging Dev., 
1991, 18, 225-238. 

15. Hanawalt, P. C., Gee, P., Ho, L., Hsu, R. K. and Kane, C. J. M., 
Ann. NY. Acad. Sci., 1992, 663, 17-25. 

16. Martin, G. M., in Genetic Effects on Aging, Birth Defects, 
Original Article Series (eds Bergsma, D. and Harrison, D. E.). 
The National Foundation March of Dines, New York, 1978, 
pp. 5-39. 

17. Bohr, V. A., Evans, M. K. and Albert, J. F., Jr., Lab. Investig., 
1989,61, 143-161. 

18. Thompson, L. M., Somatic cell genetics approach to dissecting 
mammalian DNA repair, Environ. Mol. Mutagen, 1989, 14, 
264-281. 

19. Sugawara, O. M., Oshimura, Koi M., Annab, L. A. and Barett, J. 
C., Science, 1990, 247, 707-709. 

20. Johnson, T. E. Science, 1990, 249, 908-912. 

21. MacDonald, M. E. etal. Cell, 1993, 72, 971-983. 

22. Cleaver, J. E. and Karentz, D., Bio. Essays, 1986, 6, 122-127. 

23. Hoeijmakers, J. H. J., J. Cell Sci. (Suppl), 1987, 6, 111-125. 

24. Sharma, S. P. and Wadhwa, Renu, Mech. Age. Dev., 1983, 23, 
67-71. 

25. Ames, B. N. and Gold, L. S., Mutat. Res., 1991, 250, 3-16. 

26. Patnaik, S. K. and Kanungo, M. S., 1984, 21, 178-180. 

27. Chaturvedi, M. M. and Kanungo, M. S., Mol. Biol. Rep., 1985, 
10,215-219. 

28. Das, B. R. and Kanungo, M. S., Mol. Biol. Rep., 1986, 11, 
195-197. 

29. Bhaskar, M. S. and Subba Rao, K., Biochem. Mol Biol Ini., 
1994, 33,377-384. 

30. Venugopal, J. and Subba Rao, K., J. Neurochem., 1991, 56, 
812-817. 


Concept formation 
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In general, a concept is an abstract idea. The Oxford 
English dictionary also defines it as a rough draft of an 
idea. In the context of our essay, let us define our 
concept as an abstract understanding of the external 
environment and of the development of the manner in 
which we should react to this environment. 

jjT"* >• 

Concept as defined above will encompass several 
parameters: 

1. Abstract analysis of a theoretical situation. 

2. Sensory inputs regarding the external environment. 

3. Processing and consciously interpreting this sensory 
information. 

CURRENT SCIENCE, VOL. 68, NO. 2, 25 JANUARY 1995 


4. Storage of this information. 

5. Abstract organization of the required motor 
response. 

6. Generation of the motor response and correction of 
any errors that may be present. 

Abstract analysis of a theoretical situation can be a very 
real part of our understanding of the environment and of 
the development of the manner of our reaction to it. This 
is because prior experience enables us to imagine a 
theoretical situation. We can endow this theoretical 
situation with the physical properties that we expect it to 
possess and formulate the necessary reactions. Even if a 
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particular environment is totally unfamiliar, we can 
imagine the properties that it should possess. Therefore, 
we can create a theoretical environment within our 
minds and formulate the appropriate reactions. For ail 
practical purposes then the external environment exists 
within the abstract framework of our minds. Hence, one 
can develop theoretical models regarding the manner in 
which our minds will analyse a given environment, 
based on our knowledge of the way in which our bodies 
will behave. This type of theoretical analysis is very 
important, because it can help the experimental worker 
to interpret experimental data. Again, based on 
theoretical analysis, experiments can be designed to 
prove or disprove plausible hypotheses regarding the 
functioning of the mind and the generation of concepts. 
This idea will be developed later. 

Sensory inputs regarding the external environment 

Sensory inputs range regarding the external environment 
include a wide range of parameters, such as the interface 
between the external world and the animal body, the 
conscious interpretation and understanding of the 
nervous phenomena which encode the information 
regarding the external environment. We may generally 
subdivide these under the following headings: 

1. Study of sensory receptors. This includes histology, 
physiology, membrane phenomena, molecular biology 
and biochemistry of the receptor membrane. 

2. Understanding the transformations of sensory 
information that take place at various levels along the 
sensory pathway. This may include: 

(a) Treating the sensory receptor as a black box and 
studying its input-output properties, thereby 
defining the transformations that take place within 
the receptor. 

(b) Tracing the sensory pathways in order to 
understand the way the sensory input is interpreted 
as a conscious sensation or, alternatively, is 
reflected at various levels of the nervous system so 
that reflex reactions are generated. 

(c) Studying the function of various relays along the 
sensory pathways. 

(d) Studying the nature of the transmitter substances 
that are involved. 

(e) Histologically reconstructing a particular nucleus 
that is involved in this pathway, in order to 
understand the way the nucleus functions. 

(f) Studying the integrative activity along the sensory 
pathway. 

(g) Studying the input-output relations of the pathway. 

(h) Studying the behaviour of any particular neuron 
along the pathway, in order to understand the 
manner in which any given sensory input is trans¬ 
formed for it to be interpreted as some particular 
quality of a given sensation. 


(i) Construction of models in order to understand the 
vzirious points listed above. These models may be 
physical or abstract. 

Processing and consciously interpreting the 
sensory information 

Again, this can be studied by a variety of techniques: 

1. Analysing the responses of a sensory neuron at the 
cortical levels in order to understand the manner in 
which some physical input is interpreted as some 
particular quality of a sensation. 

2. Psychophysical studies relating the stimulus to the 
sensation. The results of such studies would then b^ 
used to understand the manner in which a given physical 
input is interpreted as the quality of a conscious sensation. 

3. Studying and attempting to understand the 

behaviour of conditioned animals. 

4. Studying the way brain activity evolves in new¬ 
born infants, using topographic brain mapping and 

evoked potentials. 

5. Studying and attempting to understand the 

behaviour of children, particularly at very early stages 
of life. Teaching and education will come under this 
heading. 

6. Studying and attempting to understand the 

behaviour of mentally or physically handicapped people. 
Rehabilitative training like physiotherapy and occupa¬ 
tional therapy will come under this heading. 

Storage of this information 

Basically, this involves the study of memory. This will 
include: 

1. Studying conditioned animals and analysing memory 
functions in such preparations. 

2. Studying the structure and function of areas of the 
brain that are known to be related to memory, such as 
the hippocampus. This would lead to an understanding 
of the neural organization of the hippocampus, so that 
one can formulate theories regarding its behaviour, 
based on histology, connectivity, electrical activity, 
types of neurotransmitters that are released by the 
neurons, and membrane phenomena and molecular 
biology of the membrane of the relevant neurons. 

3. Modelling the behaviour of the central nervous 
system as relevant to memory, using data that are derived 
from the studies listed above. These models could be 
abstract or based on computers forming networks. 

Abstract organization of the motor response 

One has to accept that we possess the ability to project 
our concept of the physical environment on to the 
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physical basis of the mind. That is, elements of our 
nervous system will behave as if they are homologous to 
elements of a theoretical environment. These same 
elements of the nervous system would behave similarly 
if they received inputs from the elements of a real 
environment. In other words, the physical elements of 
the nervous system that form the physical basis of the 
mind can interface with the physical world or, 
alternatively, with a simulated world that exists solely 
within the mind. 

Investigating this link between the abstract and the 
physical requires: 

1. The psychologist to design experiments that can 
evaluate the formation of abstract concepts in (i) 
children of various ages, particularly, very young 
children, (ii) mentally retarded subjects and (iii) gifted 
children, whose mental ages are well above average. 

2. The teacher to formulate lessons to teach concepts 
to (i) children of various ages, particularly, very young 
children, (ii) mentally retarded subjects and (iii) 
exceptionally gifted children. The teaching methods 
used would be evaluated with respect to their ability to 
actually get the subject to form concepts. From this 
some understanding of concept formation can be 
derived. 

3. The computer scientist to design and evaluate 
artificial nervous systems based on computers, to teach 
these artificial nervous systems and evaluate their 
learning. 

4. The biologist to design and evaluate studies on 
conditioning of animals. By recording from various 
specific,nervous elements before and after conditioning, 
the biologist can make inferences regarding the physical 
nervous elements that constitute the mind. 

It must be emphasized that in all cases the results of 
the studies listed above must be used to formu¬ 
late tenable theories regarding the nature of the 
relationship between the physical nervous elements 
and the mind. Otherwise, these studies will be meaning¬ 
less. 

The generation of the motor response 

and correction of any errors that may be present 

In this case, the motor response that has to be evaluated 
is generated by the concept of an environment, this 
environment being formulated within the mind. Hence, 
one studies this aspect by presenting the subject with the 
desired environment and observing the motor response. 
Such studies can be done using humans or animals as 
subjects. In the case of human studies, the subject is 
presented with a given environment, e.g. to reach out 
and grasp a cylindrical rod. The motor response, or 
some parameter of the motor response, is studied using 
appropriate techniques. In the case of animal experi¬ 


ments, the animal is presented with the environment, 
e.g. the same cylindrical rod, and taught to respond to it 
in the manner desired, i.e. to grasp the rod. The various 
parameters of the motor response can then be studied. 
Various elements of the nervous system that belong to 
the relevant pathway can be studied. 

Similar studies can be done on handicapped subjects. 
In the case of animal studies, such handicaps can be 
artificially produced in a controlled manner. In the case 
of humans, the handicap might be a birth defect, or can 
be due to an accident. 

Robotics can also be used to model the motor 
response to a given theoretical environment. 

Methods of investigation 

As discussed above , there are numerous ways in which 
this whole problem of concept formation can be studied. 
All these would have one common objective, viz. to 
understand and define the link between the abstract and 
the physical. This is because our ability to explore, 
understand and respond to the environment in which we 
live is based on our ability to assimilate the physical 
properties of the environment and endow these physical 
properties with some abstract qualities. For instance, we 
can assimilate some wavelength of light and endow it 
with a quality of colour. The ways of studying the 
various aspects of this problem are variegated: 

1. Morphological aspects of the nervous system. 

2. Connectivity patterns within the nervous system. 

3. Membrane phenomena and molecular aspects of 

the relevant nervous elements. 

4. Physiological, biochemical and pharmacological 

aspects of the relevant nervous elements. 

5. Psychological and psychophysical studies. 

6. Teaching. 

7. Modelling. 

8. Robotics. 

The one common factor in these ways of studying 
concept formation is the attempt to correlate the 
physical with the abstract, based on our understanding 
of real physical elements of the body. The primary need 
is that the investigator work continuously for a long 
period with some aspect of the problem. The investi¬ 
gator then correlates the results obtained with known 
values obtained from other works in order to develop a 
tenable theory that would explain the way concept 
formation takes place. 

It is to be emphasized that several disciplines can lead 
to the formulation of theories regarding concept 
formation. These can range from teaching and rehabili¬ 
tation to robotics and computer sciences, or from 
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abstract analytical logic to careful experiment with 
single neurons or fractions of single neurons. 

Some particular techniques that should be noted 

No one can profess to be competent enough to comment 
on all the various techniques that can be used to study 
concept formation. A few of the methods that can be 
used and which are not commonly used in India arc: 

1. Histological techniques, (i) intracellular marking 
of neurons by injecting the marker into the neuron using 
microelectrodes and (ii) image analysis techniques using 
computers, 

2. Modelling and neural network analysis. 

3. Kinematic analysis of movements. The subject is 
instructed to react in a given manner. He is then 
presented with a given environment. The subject’s 
movement is recorded and analysed. From the results, 
one can develop ideas regarding the manner in which 
concepts are formed. One must make special mention 
of the work by Jeannerod. Again the study done at 
Queen’s Square on a deafferented man requires a special 
mention. 

4. Teaching methods. In other countries, there is a 
determined effort to develop techniques of teaching. 
Such teaching methods are developed and evaluated for 
exceptionally gifted children, mentally and physi¬ 
cally handicapped children and normal children. In 
all cases there is an attempt made to understand 
the way concepts are formed and understood by the 
pupil. 

5. Studying the development of the mind and brain in 
the new-born and very young children. This is done in 
other countries by studying topographic brain mapping 
or with appropriate psychological studies. 


The Indian scene 

Basically, the problem in India is that very few 
laboratories do sustained work on various aspects of the 
nervous system/mind, delving deeply into the relation¬ 
ship between the two. Secondly, we do not strive to 
publish our work in the best journals. Unfortunately, 
unless the Indian researcher publishes in first-class 
indexed journals, the work will go largely unrecognized-. 
This is because the rejection rate of such journals is very 
high and, hence, one has to compete with researchers 
from all over the world to publish in these journals. This 
ensures that only excellent work will be accepted by 
these journals. 

Perhaps no Indian laboratory has particularly studied 
concept formation. However, some laboratories have 
concentrated on aspects that are highly related to the 
subject. Various excellent studies on tracing pathways, 
both sensory and motor, have been done. This is an 
important step towards understanding the physical basis 
of the mind. Of special mention are the Department of 
Anatomy at the All India Institute of Medical Sciences, 
The Department of Animal Behaviour and Physiology at 
the Madurai Kamaraj University, The Department of 
Zoology of the Sri Venkateswara University, Post- 
Graduate Centre, Kavali, The Tata Institute of Funda¬ 
mental Research, The Centre For Artificial Intelligence 
and The Neurophysiology Laboratory of The Depart¬ 
ment of Neurological Sciences, Christian Medical 
College and Hospital, Vellore. At all these places, some 
sustained work on some particular aspect of concept 
formation has been in progress. Unfortunately, none of 
these laboratories may claim to have had ‘concept 
formation’ as the primary subject of study. However, 
they have all contributed in some way to the 
understanding of the physical basis of the mind. 


Neurobiology and drug abuse 


D. Mohan and R. Ray 

Department of Psychiatry, All India Institute of Medical Sciences, New Delhi 110 029, India 


The phenomenal growth in neuroscience research over 
the last decade has led to a better understanding of the 
biological basis of drug abuse and dependence. 
Contributions from various disciplines like neuro¬ 
anatomy, neurophysiology, neurochemistry, molecular 
biology and behavioural pharmacology, along with 
technological advances, have helped us to achieve a 
holistic view. Interactions between biological, 


pharmacological and behavioural factors, rather than 
isolated defects in any one of the areas, are crucial to 
the understanding of the complex nature of the topic. 

There are various chemical compounds, both natural 
and synthetic, which are addictive. This review will 
concentrate mainly on opiates, alcohol and benzo¬ 
diazepines. The literature on nicotine and cannabis is 
very extensive and deserves attention separately and, 
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hence, is not covered here. This review is divided into 
four sections. The first section deals -with the 
neurobiological basis of sensation seeking, tolerance 
and dependence. The next section discusses the 
correlation of neural activity with behaviour. CNS 
(central nervous system) deficits due to chronic use are 
dealt with next. Finally, we discuss the biological 
vulnerability to drug abuse. Highlights of studies 
published by Indian researchers and future research 
issues are also discussed. 

Effects of drugs on CNS and anatomical sites of 
action: A review 

Many drugs of abuse have the capacity of altering 
psychomotor and sensory functions through effects on 
CNS. The impairment is seen following both acute and 
chronic drug administration. 

Among, the various effects, sensation seeking and 
euphoria are central in understanding biological disposi¬ 
tion towards drug abuse. It has been seen that electrical 
stimulation of certain areas in the brain is rewarding. 
Thus, the animal having been exposed to artificial 
stimulation of such an area would voluntarily indulge in 
self-stimulation to seek pleasure. In animal experiments, 
these effects are sufficiently reinforcing to make the 
animals work towards self-administering drugs\ This 
phenomenon of intracranial self-stimulation causes 
euphoria, reflected by lowering of the threshold 
(intensity of stimulation) for reward and is seen with 
drugs like morphine, cocaine and amphetamine^. 

There have been many experiments to determine the 
sites of action of these drugs. Mesocorticolimbic 
dopaminergic pathway has been implicated. The 
connections between the ventral midbrain and the 
ventral forebrain is the starting point of the neuro¬ 
biological reward circuit. Anatomically, the neural 
circuit connecting medial forebrain bundle, olfactory 
tubercle, septum and nucleus accumbens with ventral 
tegmental area and hypothalamus is the major conduct¬ 
ing system^. Esposito et al.^ reported that stimulation of 
implanted electrodes in VTA, dorsomedial thalamus and 
median forebrain bundle lowered the reward threshold 
without influencing the rate of response. 

Receptor pathways 

Another way of investigation has been to study the 
effects of drugs on various receptors. Opiates exert their 
effects through opiate receptors in the brain and 
dependence is produced mainly through |i-receptors. 
Additionally, dopamine receptors are also involved. As 
a matter of fact, it has been suggested that opiate reward 
system is mediated through both dopaminergic and p- 
receptor pathways^. Ethanol self-administration in rats 


has been reduced by dopamine receptor antagonists^. In 
general, reinforcing effects of various drugs of abuse are 
mediated through dopamine (D1 and D2) receptors^. It 
has been possible to establish this through in vitro 
autoradiography^. 

Opiates 

There are a variety of opiate receptors differing in 
ligand specificity and anatomical locations. Generally, 
narcotic agonists and antagonists react with more than 
one receptor subtypes. Only a few opioid peptides have 
absolute specificity for any one subtype*. Further, the 
dynamic nature of the receptors also influences the 
effects. The affinity may change following chronic drug 
use, viz. upregulation of the receptors in the presence of 
antagonists^. 

Following prolonged use, tolerance and dependence 
develop. Due to chronic exposure, the CNS develops 
adaptive changes to depressant effects of morphine and 
related compounds, resulting in toler^ce. Dependence, 
as manifested by withdrawal symptoms, is an imbalance 
of this homeostatic state. These, in turn, are associated 
with both enzymatic and tissue level changes at the 
receptor level. 

In some brain regions the effects of opiates include 
inhibition of adenylate cyclase. Long-term use leads to 
compensatory increase in adenylate cyclase activity and 
excessive production of c-AMP is partially responsible 
for excitability of neurons during withdrawal^^. Regu¬ 
lation of adenylate cyclase activity would, hence, be 
important in development of dependence. Physical 
dependence on morphine can be blocked by influencing 
G-protein, an inhibitor of adenylate cyclase activity 

Long-term administration of opioids decreases the 
synthesis of pro-enkephalin in the striatum and a lag in 
production of pro-enkephalin might also explain opiate 
withdrawal phenomenon 

Action of ethanol 

Most of its action is mediated through its ability to alter 
physicochemical properties of the cell membrane which 
has a lipid bilayer structure. Cholesterol and phospho¬ 
lipids play an important role in maintaining the fluid 
property of the membrane. Acute alcohol exposure leads 
to increased membrane fluidity. Chronic use leads to 
adaptive changes and rigidity of the membrane. This 
decreased fluidity is brought about by alteration of the 
membrane cholesterol-phospholipid ratioThese 
changes in turn influence Na*^- and Ca^'^-chaimel- 
dependent release of neurotransmitters and ATPase 
activity^^. 

Acute administration of ethanol enhances adenylate 
cyclase activity in the brain and chronic use reduces the 
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activity. In humans, decreased activity of adenyl cyclase 
in platelets and lymphocytes is considered a trait marker 
of alcoholism^^. It would thus appear that acute 
administration of alcohol causes change/disorder and 
chronic use reduces the above effect, indicative of a 
tolerant state. However, the link between membrane 
lipid changes and functional alterations during chronic 
use is still unclear. 

Ethanol also exerts its influence through various 
neurotransmitter changes. Elevated level of dopamine in 
the nucleus accumbens encourages animals to drink 
alcohol as also seen with low 5-hydroxytryptamine (5- 
HT)^^. Depletion of brain serotonin has been shown to 
delay the development of tolerance to certain effects of 
alcohol 

Yet another mechanism is the influence of 
acetaldehyde on biogenic amines. Acetaldehyde, a 
product of alcohol metabolism, condenses directly with 
dopamine and norepinephrine. Products like tetrahydro- 
isoquinoline (TIQ) and tetrahydropaveraline (THP) act 
as false neurotransmitters and promote alcohol con¬ 
sumption in rats when injected intraventricularly^^’ 

The intoxicating effects of ethanol are also implicated 
through its action on GABA. Ethanol potentiates 
GABA-mediated CNS inhibition. Anxiolytic effects of 
GABA are mediated through Type-I receptors (GABA- 
A) and may be the major factor responsible for 
reinforcing properties of ethanol^. Finally, GABA- 
inverse agonists reverse some of the behavioural effects 
of alcohol^^ 

Some of the above findings have also been confirmed 
through human cerebrospinal fluid (CSF) studies. Low 
CSF levels of 5-HIAA and HVA have been found 
among subjects showing florid alcohol withdrawaP^’ 
Alternatively, Ballanger et suggested that 

alcoholics have low levels of pre-existing brain 
serotonin. Clinical studies have also shown that 5-HT 
blockers like fluoxitine can significantly alter alcohol 
consumption^^’ Roy et al}'^ in their review suggested 
that a subgroup of alcoholics have a defect in their 
central serotonin level. Among them alcohol abuse starts 
at an early age. 

Benzodiazepines 

Benzodiazepines enhance GABA-ergic transmission. 
Their dependence liability is possibly due to their 
anxiolytic property, mediated through Type-1 receptors 
located in the cerebral cortex and cerebellum, benzodia¬ 
zepine withdrawal, reduced synthesis of 5-HT and 
increased levels of 5-HIAA^^. 

Manifestation of tolerance and dependence in man 

In human experiments, dependence is inferred by the 
presence of a large number of signs and symptoms due 
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to abstinence. Tolerance is evident by the reduced 
response to a given dose of the drug(s). However, all the 
signs of tolerance and dependence are not parallel; 
moreover, tolerance and dependence are difficult to 
quantify on occasions. Often, at the functional level, the 
acute effects of a drug differ across species. 
Furthermore, some physiological functions manifest 
complete tolerance, some only partial and some show no 
effects. For example, following chronic administration 
of morphine, analgesia, euphoria and EEG, changes 
become completely tolerant, pupillary changes partially 
tolerant and gastrointestinal motility does not become 
tolerant^^. These are further complicated by 
simultaneous stimulation of CNS activities which are 
antagonistic, e.g., sympathetic and parasympathetic 
nervous system. Tolerance to certain drugs like 
benzodiazepine in humans is both functional and 
metabolic. These are further influenced by long duration 
of action of the parent compound and the presence of 
active metabolites. It has thus been felt that the role of 
other factors, besides neurotransmitter and receptor 
changes, should also be studied^^. Organismic factors 
like motivation, self-administration and conditioning are 
important in understanding dependence. 

Correlating dependent behaviour with neural 
activity 

The word dependence is used in at least two different 
ways: (a) physical dependence and (bj a more general 
term, abuse liability of a drug. Physical dependence 
connotes the consequences of chronic exposure to a 
drug, i.e., tolerance and withdrawal symptoms. The term 
‘abuse liability’ refers to a complex behavioural pheno¬ 
menon leading to repeated use and possible dependence. 
Assessment of functional consequences of drug intake 
would include a study of psychopharmacological and 
behavioural aspects leading to repeated use. Investi¬ 
gation of behaviour, along with the anatomical site of 
action and the mechanism of action, provides an insight 
to an understanding of the process of drug dependence^ ^ 

Pharmacologically, it is known that only certain 
compounds like opiates, cocaine, amphetamine, 
barbiturates, ethanol and nicotine are self-administered 
and have positive reinforcing effects^^. The reinforcing 
property of a compound is understood as its ability to 
cause euphoria and functional enhancement like anxiety 
reduction. Other antecedent events like drug discri¬ 
mination and consequent factors like euphoria contri¬ 
bute to the development of dependence. The relative 
contribution of these two processes can vary^^. 

Physical dependence potential is assessed by its 
pharmacological and physiological action over a wide 
range of doses. Separate sets of experiments are 
required to study stimulus properties, including 
behavioural performance. 
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Animal testing procedures include quantifying acute 
and chronic effects of a drug. These include assessment 
of spontaneous motor activity, forced motor activity, 
electroencephalogram and behavioural performance like 
seeking food and water consumption, aggression and 
avoidance of painful stimuli. Drug self-administration is 
measured by automated drug delivery through 
intravenous catheter. Methods for assessing dependence 
potential in rats were first developed by Akera and 
Brody^"^. Procedures for assessing the discriminative 
stimulus of drugs have now been developed for primates 
also. In experiments for studying self-administration, 
typically, the animal presses a starting lever, after which 
it must press the appropriate lever on the other side of 
the cage in order to prevent shock delivery. The 
appropriate lever is determined by whether the animal 
had received a saline injection or an injection of the 
training drug (usually a dependence-producing 
substance). In such a situation escape behaviour is 
established by presentation of a positive reinforcer, i.e., 
the drug. The stimulus properties are tested over 
variable doses^^. In another paradigm, the animals are 
trained to receive food following lever presses to deliver 
an injection of an opioid^^. The drug acts as a secondary 
reinforcer and, subsequently, becomes the conditioned 
reinforcer. In both the situations the drug acts as a 
reinforcer. Physical dependence and abuse as discussed 
earlier frequently occur together, though relative 
contribution of either of the factors can vary with 
different pharmacological substances. In spite of these 
advances, validity of neurochemical, physiological and 
behavioural methods to assess dependence continues to 
be debated. To be addictive, a drug should have positive 
reinforcing property and be differentiated from other 
such substances. 

Abuse liability of drugs in humans 

Assessment of abuse potential of psychoactive drugs in 
clinical studies is used in regulatory decision-making 
process for a pharmacological compound for marketing 
by pharmaceutical industry, the basic assumption being 
that there are drugs of abuse that will not be pursued for 
marketing by the pharmaceutical industry. In a number 
of situations, preclinical data will suffice to determine 
the dependence potential and abuse liability of a drug. 
However, it must be realized that interpretation of 
preclinical data must consider biological differences 
between animal species and humans. Situations have 
arisen wherein drugs are passed through animal screens 
only to show abuse liability in humans. Metabolism, 
elimination, half-life of a drug and effects could be very 
different in man. Determination of subjective effects, 
changes in mood states, drug liking and discriminative 
stimulus properties are used to compare a test drug 
against a standard (known substance). The primary 


emphasis is on dose-response characteristics and 
reliability in the production of effects^^. By and large it 
has been reported that substances which have high 
intrinsic pharmacological property, high oral bioavail¬ 
ability, low protein binding, small volume of distri¬ 
bution and high clearance have greater reinforcing 
properties. These substances enter rapidly into specific 
brain sites. On the other hand, substances which have 
high intrinsic pharmacological activity, small volume of 
distribution, long half-life and low clearance promote 
physical dependence. High lipid solubility is also 
associated with rapid entry into the brain. All these data 
are used to categorize a substance as a low- or high- 
dependence-producing substance^*. The pioneering 
studies of drug abuse liability among humans were 
carried out on volunteers by Martin and Fraser^^. These 
volunteers served as subjects in studies of biological and 
behavioural effects of abused substances. The studies 
also led to the development of various research 
instruments for clinical studies. The underlying 
principles to predict abuse liability of substances are: (a) 
the subjective effects including the CNS changes which 
can be quantified and (b) that subjective response can 
predict the reinforcing action of a drug. Several research 
strategies have been evolved for such studies. These 
include the assessment of (a) tolerance, (b) physical 
dependence (withdrawal symptoms), (c) discriminative 
property and (d) reinforcing efficacy"^^. Measurement of 
euphoria or pleasure following drug administration has 
been crucial in all these studies. It has been further 
noticed that development of physical dependence is 
neither necessary nor sufficient to maintain drug-seeking 
behaviour. The advances described contributed to the 
development of a standardized questionnaire to compare 
the addictive properties of a wide range of drugs. Some 
of the available instruments are: 

(a) Single Dose Questionnaire (800)"^^ 

(b) Addiction Research Center Inventory (ARCI)"^^. 

(c) Profile of Mood States (POMS)^l 

These instruments predict that if a new drug causes 
euphoria, sedation or intoxication as measured by ARCI, 
or elevation of SDQ or POMS scores, then it is like 
morphine and has strong addiction liability. 

The above self-reported measures have been validated 
by increase in alpha activity in EEG recordings'*"^ and 
increase in plasma ACTH levels"*^. Similar effects have 
also been observed following ethanol administration"*^. 
Subjective self-reports of euphoria occurred between 10 
and 15 minutes after consuming alcohol, accompanied 
by an increased alpha activity in the EEG. Even 
topographical distribution of EEG alpha activity has 
been demonstrated. Low-amplitude slow-frequency 
alpha activity has been recorded on the entire scalp, 
wherein high-frequency alpha has not been found in 
the frontal cortex"*^. It is thus apparent that 
neuroendocrinal and neurophysiological correlates have 
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been documented following alcohol/drug/placebo 
administration. 

Drug discrimination also requires investigation. Test 
drugs (new substances) are compared to reference drugs 
(known drugs) as regards their effects. Drugs having 
similar effects are presumed to have similar abuse 
liability. In experimental situation, subjects without 
prior drug experience are asked to assess the similarity 
to the reference substance after exposure in controlled 
experimental situation. The behavioural procedure 
involves operant conditioning. The subjects are trained 
to emit different responses in the presence of different 
drug conditions'^^. Certain responses are reinforced on 
occasions by monetary payment also. These experiments 
help in categorizing stimulus properties of drugs with 
overlapping profiles of action. By and large, correct 
discrimination is appropriately dose-related. Although it 
is not a direct index of abuse liability, it predicts the 
abuse potential of a new substance. 

Among humans the craving for a drug intensifies in 
the presence of cues related to drug availability. Operant 
response to obtain drugs is emitted in the presence of 
withdrawal symptoms. 

Summarizing, the relationships between drug self¬ 
administration, drug discrimination and self-reported 
effects are manifold. By and large, studies conducted in 
animals and humans within behavioural contexts are 
comparable in predicting abuse liability. 

CNS deflcits due to prolonged use of drugs 

Imaging of the brain 

Quantitative imaging of neuroreceptors has recently 
become feasible through positron emission tomography 
(PET). However, dynamic indices of receptor activity 
like measures of uptake and turnover still do not tell us 
adequately about the functioning. In vivo validation of 
the relationship between neurotransmitter uptake, 
turnover measures or receptor concentrations is still 
lacking. Measuring or even estimating the actual 
delivered dose of a labelled ligand to the brain is 
complex. Validation among humans is a formidable task 
and the technology is prohibitively expensive'^^. 
Notwithstanding these difficulties, it is now possible to 
image in real-life situations the distribution and 
localization of specific receptors and biochemical 
parameters, as illustrated in opiate receptors using IIC 
carfentanil, where highest radioactivity was seen in 
amygdala, thalamus and basal ganglia'^^. Most 
human studies on alcohol intoxication suggest that 
higher doses of alcohol produce cerebral vaso¬ 
constriction and reduced derebral blood flow among 
chronic alcoholics^^. PET scan studies showed 
reduced post-ethanol glucose metabolism for the entire 
brain'^’^l 


Similarly, structural changes due to chronic drug 
abuse have been documented. Charness and Dela Paz^^ 
using MRI demonstrated ventricular enlargement and 
damage to mammillary bodies among alcoholics with 
Wernicke’s encephalopathy. The latter is associated 
with memory loss and amnestic disorders. Earlier, CT 
scan studies showed that 38-78% of the patients with 
alcoholism showed widening of cortical sulci and 
ventricular dilatation. Age was one of the confounding 
variables determining the assessment of CT scan 
changes^'^’ Only a few reports are available among 
heroin abusers, and causes leukoencephalopathy^^. 

Electrophysiology 

Advances in electrophysiology have permitted studies of 
functional deficits in the brain among alcoholics. 
Earlier, the resting-state EEG showed excess of high- 
frequency waves and deficiency of alpha activity^^. 
Pollock et al.^^ showed that the EEG of alcoholics 
reflected greater sensitivity to alcohol challenge than 
controls. 

Event-related potentials (ERP) reflected further subtle 
dynamic changes among alcoholics. During long-term 
abstinence, decreased ERP amplitudes and reduced late 
component (Nl) persisted^^. In dependent state, a 
marked decrease of auditory brainstem potential (BSP) 
amplitude has been seen. P300 amplitudes are 
significantly reduced or absent to target stimuli. In 
withdrawal, shortened BSP latency has been observed. 
These suggest limbic system deficits. Hyperexcitability 
as manifested by prolongation of brainstem latencies 
may reflect the fluidizing effect on neuronal 
membranes^^’ Differences in electrophysiological 
response to alcohol challenge dose have also been 
reported. Findings from Japan suggest that flushers are 
more susceptible to delayed BSPs on alcohol intake than 
nonflushers^^ Only one study on narcotic addicts 
showed reduced P300 amplitude^^. 

Foetal alcohol syndrome (FAS) 

In 1973, certain birth defects were observed among 
children of alcoholic mothers^^. Since then, a great deal 
of clinical and basic research has taken place on FAS. 
Using animal models, a variety of sensorimotor defects 
have been reported. These include visual, auditory and 
motor incoordination, optic nerve hypoplasia^^, hearing 
loss^ and gait asymmetry^^. These rat offsprings were 
poor feeders^^. Normal growth, development and 
learning were also affected following prenatal exposure 
to alcohol. 

Clinical studies have shown that FAS comprises of 
growth retardation, craniofacial anomalies, CNS 
dysfunction and major organ malformation^^. Some 
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improvement did take place during follow-up^^. As yet, 
the relationship between the critical period of exposure 
and the dose of alcohol has not been established. Some 
studies have, however, reported that peak blood alcohol 
level is more important than the total alcohol consumed 
during this period. Several factors like foetal hypoxia, 
alteration in prostaglandins and acetaldehyde levels 
have been proposed to explain the underlying 
mechanism^^. 

Biological vulnerability to drug abuse 

Genetic factors 

Research carried out over several decades has 
implicated genetic factors in the etiology of alcoholism. 
Though alcoholism tends to run in the same families, 
genes are not the sole determinants of alcoholism. 
Genetic factors may also produce idiosyncratic 
biological response to drugs. These factors can operate 
by eliminating protective factors. 

Ethnic differences in the metabolism of alcohol have 
been known for years, e.g., a higher rate of alcohol 
metabolism in Chinese, Japanese and Native Americans. 
In general, Japanese and other Orientals have a 
relatively lower rate of alcohol-related problems^^. 
Diverse studies among American subjects have shown 
that on an average about 40% of alcoholics had an 
alcoholic parent. Male relatives had higher rate of 
alcoholism than females^^ Although family, twin and 
adoption studies all support the importance of genetic 
factors in alcoholism, very few studies have identified 
the specific basic genetic defect. None of the studies 
suggest a simple Mendelian, dominant, recessive or sex- 
linked transmission. Even more, lack of concordance for 
alcoholism in first- and second-degree relatives also 

^ 7 ? 

excludes a simple polygenic mode of inheritance . In 
other words, environmental factors contribute signi¬ 
ficantly along with genetic factors in the development of 
alcoholism. 

A number of biological markers or mediators 
interacting with environmental factors have been 
investigated. Certain studies have tried to categorize 
subjects as high/low-risk. It has been reported that high- 
risk individuals (family history positive - FHP) develop 
greater static ataxia, poorer perceptual-motor 
functions^^, and higher levels of acetaldehyde following 
consumption of alcohol as against controls^"^. Tabakoff 
et reported low platelet MAO activity associated 
with alcohol abuse, which was perceived to be a genetic 
vulnerability for alcoholism. 

Pollock et noted a deficient alpha rhythm in EEG 
among FHPs. Quantifiable analysis of EEG revealed that 
the children of alcoholics were different from the 
children of non-alcoholic parents with respect to alpha 
frequency. ERP studies showed that 36% of sons of 
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alcoholics had low-amplitude P300 even without use of 
alcohol. 

The above review discusses mainly the trait markers 
as regards etiology of alcoholism. There are a host of 
markers, identified as state markers, i.e., defects 
observed after development of alcoholism. These are not 
discussed here as they would not constitute biological 
vulnerability to alcoholism. 

In contrast to alcoholism, little is known about genetic 
factors that contribute to other drug-dependent abuse 
(viz. heroin or cocaine). In terms of aetiology, maximum 
attention has been paid to psychosocial factors that 
promote drug abuse^^. There are reports, however, 
which suggest that pattern of inheritance for drug abuse 
may be similar to alcoholism. Drug abusers frequently 
abuse alcohol though not vice versa^. Despite advances, 
knowledge on genetic vulnerability is still rudimentary. 
It does not allow us to use the available information 
about individual differences to decide differential 
treatment or prognosis^^. 

To conclude, it can be seen that there have been 
significant advances in neuroscience methods in drug 
abuse research. New approaches and techniques have 
been developed over the last ten years. Investigative 
techniques in neuroanatomy, neurophysiology and mole¬ 
cular biology, along with behavioural pharmacological 
research, have been developed. These advances have 
been largely possible due to multidisciplinary approach. 
A substantial gap still exists between receptors, 
mechanism of action, issues like drug taking, self- 
control and development of drug dependence. Szara^^ 
suggested that the following questions should be 
addressed: 

(a) Are the methodologies sufficiently sensitive? 

(b) What kind of specific hypothesis ought to be 
formulated to make best use of current 
technology? 

(c) What level is the study aimed at (molecular, 
synaptic, transmitters, animal, human)? 

(d) What kind of subject population, including 
humans, are required for further experimentation? 

(e) What should be the most appropriate design? 


National literature 

Overwhelmingly, the research on drug abuse in India 
has been on clinical and social issues. Few researchers 
have looked into neurobiology of drug dependence. 
Some data, though scanty, are available. 

Pre-clinical studies 

Sharma et reported that development of tolerance 
to opiates could partially be due to decoupling of opiate 
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receptors from adenylate cyclase. Further, they 
suggested that ascorbic acid suppresses the increase in 
the levels of c-AMP in NG 108-15 hybrid cells*^ Thus, 
ascorbic acid may prevent development of tolerance to 
narcotics. 

Kulkami and Sharma*^ reported that chronic 
benzodiazepine administration causes flux of Ca^^ ions 
into GABA receptor complex. This would suggest 
functional changes due to benzodiazepine dependence. 

Shetty^^ reported that catalase activity in rat brain 
could be induced after chronic ethanol ingestion. This 
would suggest that more ethanoj is oxidized in brain, 
which in turn leads to development of tolerance and 
increased fonnation of acetaldehyde in the brain. 

Clinical studies 

Increase of cholesterol and decrease of phospholipid in 
erythrocytes of alcoholics have been reported . The 
findings were similar to those of preclinical studies. It 
was also reported that alcoholics had decreased 
erythrocyte ALDH activity. This could suggest a trait 
marker of alcoholism*^. 

Absence as well as reduced amplitude of contingent 
negative variation (CNV) were reported among 
abstinent alcoholics*^. About 50% of the abstinent 
alcoholic patients did not show the P300 component. 
The mean amplitude in alcoholics was less compared to 
the control group. Reduced latency of Bereitschaft’s 
potential (BP) was also reported among abstinent 
alcoholics. These studies suggest functional CNS deficit 
in the form of disintegration of volition, arousal and 
attentional processes*^. 

Majority of the studies are on alcoholics. Biological 
studies on other drugs of abuse are almost non-existent. 

Researchable questions 

The area ‘neurobiology of drug abuse’ is too vast to be 
pursued by any single discipline. Each speciality should 
decide its priority areas of research. It is our suggestion 
that the following broad areas be given utmost 
importance: 

(a) Tolerance and dependence should be studied 
involving both animal and human subjects. Substances 
(agonists and antagonists) with selective affinity to 
specialized receptors should be used to study reshaping 
of tolerance and decay of withdrawal symptoms, 

(b) Neurotoxicity due to acute and chronic 
consumption of alcohol is the other major area of 
concern. Metabolism of ethanol/acetaldehyde can be 
modified through drugs and these in turn could influence 
behavioural toxicity and CNS damage. 

(c) Many psychotropics are available in India for 
clinical use and new ones are introduced every year. It is 
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important that these compounds are reassessed for their 
dependence/abuse liability. Such studies would focus on 
behavioural psychopharmacology and would include 
preclinical and clinical experiments. These would lead 
to rational prescription by clinicians. 

(d) Biological vulnerability to drug abuse needs to be 
studied. Here, FHP subjects should be studied for 
electrophysiological abnormalities in CNS even before 
manifest dependence. Electrical activity of the brain 
associated with drug-induced euphoria should also be 
examined closely. 

(e) Newer imaging techniques (MRI/NMR/PET) 
should be used to study physiological states of the brain 
following acute and chronic use. 

The following specific issues should be investigated: 

(i) Role of GABA in CNS changes following alcohol 
consumption: GABA antagonist/inverse agonist should 
be closely examined for their role in reversing some of 
the acute effects of ethanol. 

(ii) Biological and neurochemical basis of craving 
and pharmacological methods to alleviate this: As there 
is no appropriate animal model of craving, such studies 
would largely require participation of human volunteers. 

(iii) Measurement and quantification of the rein¬ 
forcing property of various substances: Such studies 
would also measure drug discrimination, self-admini¬ 
stration and stimulus properties of various compounds. 

(iv) Suppression of activity of various ADH 
subfractions with the aid of exogenous agents: Such 
compounds would be very useful to treat tissue damage 
due to excess alcohol use and methanol poisoning too. 
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Recognition of a chiral host 
system 

The design of molecules with 
highly selective host-guest inter¬ 
actions is an area of increasing 
fascination for chemists. Nature 
does it best and often provides 
useful clues. With a clear under¬ 
standing of molecular shapes and 
intermolecular interactions, espe¬ 
cially the relatively weak non- 
covalent forces between molecules, 
it should be possible to synthesize 
new variants. 

A practical approach to the 
design strategy is to identify a 
host molecule with a number of 
key features and then to deter¬ 
mine, by trial and error, the 
molecule(s) which it will selec¬ 
tively bind. A potential host must 
be readily synthesizable, have a 
characteristic rigid shape, possess 
specific binding sites and 
preferably be chiral. B. G. Bag 
(page 280) points out that a 
simple amine called Troger’s 
base, first made over a hundred 
years ago, satisfies all the above 
criteria. An asymmetric synthesis 
has now been achieved. With its 
rigid V-shape and the presence 
of aromatic rings, the chiral amine 
and its analogues are found to be 
ideally suited for binding specific 


classes of molecules. Many inter¬ 
esting experiments carried out 
with the system, such as its use 
as a chiral solvating agent and 
for DNA binding are reviewed. 
Some future applications are also 
suggested. 

J. C. 


Forecasts and farmers 

Waiting for the monsoon to break 
is an annual event in India. The 
country’s economy, so critically 
dependent on agricultural produc¬ 
tivity, is inextricably linked to the 
success of the monsoon. Predict¬ 
ing the weather over appreciable 
periods of time, is thus an acti¬ 
vity which assumes considerable 
importance, despite the seeming 
intractability of the scientific 
problem. Reliable long range 
forecasts of weather patterns may 
be elusive, but ‘reasonable 
forecasts’ over the medium range 
(3-10 days) appear possible; 
given the advances in the develop¬ 
ment of circulation models. Can 
such forecasts be used to develop 
optimum strategies for enhancing 
agricultural productivity? Sulochana 
Gadgil et al. address this issue 
on page 301, using groundnut as 


a model crop and data for 
Chitradurga district, which is the 
heart of the groundnut region in 
Karnataka as a test case. Inter¬ 
estingly, both the absence of rain 
and a surfeit can cause problems. 
While much attention has been 
paid to the problem of drought 
in rainfed farming, it is less 
widely appreciated that prolonged 
wet spells enhance damage due 
to pests and disease. Since farmers 
can combat pests with a variety 
of remedial measures, the stage 
is set for theoreticians to develop 
game plans linking crop manage¬ 
ment strategies to weather 
forecasts. The meteorological data 
analysed spans almost the entire 
century (1901-1990). The authors 
consider strategies for using 
forecasts of adverse weather 
events in decision making. They 
find that ‘for certain purposes 
climatological information on the 
variability of adverse weather 
events may be adequate’. How¬ 
ever, in other cases ‘substantial 
loss can be prevented if forecasts 
of adequate skill are available’. 
Maybe the day is not too far off 
when the Indian farmer will be 
a direct beneficiary of scientific 
advances in the realm of weather 
forecasting. 

P. B. 


CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


231 




TATA INSTITUTE OF 
FUNDAMENTAL RESEARCH 

NATIONAL CENTRE FOR BIOLOGICAL SCIENCES (NCBS) 

P.O. Box 1234, Bangalore 560 012 

Advt. No. 2/95/334 

Research on Molecular Biology of Chemical Senses 
Post-Doctoral Positions 


A few post-doctoral positions are available in a research project on Neurogenetic 
Analysis of Chemosensory Reception, funded by the Department of Biotech¬ 
nology. The positions are temporary but likely to continue for two to three 
years. 

Qualifica' 'ons: 

A Ph D degree with experience in techniques of molecular biology. Applicants 
should have an interest in chemosensory receptors and biochemistry of 
signalling. Some knowledge of Drosophila genetics will be an added qualification. 
They may be required to work at TIFR Bombay or NCBS, Bangalore. 

Emoluments: 

The salary will be fixed in the range Rs 3500-4500 per month according to 
the qualifications and will carry a house rent allowance of a maximum of 
Rs 1000. 

Applications: 

There is no prescribed form. Applicants may write to Prof. O. Siddiqi, Tata 
Institute of Fundamental Research, Homi Bhabha Road, Bombay 400 005 before 
25 March 1995. 


CURRENT SCIENCE, VOL. 68, NO. 3, lOFEBRUARY 1995 





Volume 68 Number 3 


10 February 1995 


EDITORIAL 


Awakening at the Academy 

Indian science academies have generally steered clear 
of any major involvement in influencing science policy 
in the country. Viewed from the outside, the Academies 
appear to be cosy clubs whose primary purpose is 
to perpetuate their Fellowship, with elections of new 
Fellows dominating the activities of each passing 
year. The organization of annual (and biannual) meet¬ 
ings and the publication of journals allow the 
academies a limited interaction with the rest of the 
scientific community and others interested in science. 
This limited portfolio of activities has often bothered 
many and the academies have been internally urged 
to take a more activist role in shaping the development 
of science in India. 

Now in the sixtieth year of its existence the Inuian 
Academy of Sciences has turned its attention to the 
problem of declining standards of science education 
in the country. The Academy’s major concern is ‘to 
promote progress in science to attain excellence’; the 
absence of a proper educational base would of course, 
be a major barrier in nurturing high quality scientific 
research. The Academy’s interest in higher education 
in science has found expression in the first of the 
‘Academy Papers’ reproduced in this issue of Current 
Science, with the intention of providing a wide reader- 
ship for a document which touches upon many 
important issues. 

There have been earlier reports that have had the 
sanction of Government, but the Academy exercise 
is a voluntary effort which will hopefully merit attention 
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both in colleges and universities and in the bodies 
charged with countrywide responsibility for higher 
education. The issues confronted in the report are 
complex and wide ranging. The Academy panel has 
apparently addressed in its deliberation the thorny 
issue of ‘equity and excellence’, coming to the un¬ 
surprising conclusion that a debate on this issue 
‘should not be left merely to the politicians and 
judiciary’. The recommendations are clear and indeed 
the Academy proposes its own initiatives. However, 
many specific recommendations are unlikely to be 
easily implemented or even agreed upon. At times 
the report appears to have a touch of the ivory tower, 
but this is inescapable given the fact that many of 
our research institutions, which contribute heavily to 
the Fellowship of the Academy, have only a peripheral 
connection with the real-life problems of colleges and 
universities. The danger in such reports is that they 
may appear patronising to those directly charged with 
the responsibility of communicating science and its 
excitement to young minds. The Academy has never¬ 
theless taken the plunge into the arena of public 
policy. Coming closely on the heels of the many 
public pronouncements by many of its more prominent 
Fellows on governmental indifference to science, the 
report signals the Academy’s desire to be heard. 
Advice, both solicited and unsolicited, can often be 
ignored. The Academy will surely take this hazard 
in its stride. 

P. Balaram 



CORRESPONDENCE 


The proposal for a National Science University 


There is growing anxiety that our S & T 
standards have not attained the highest 
level(s). In a sense it is perhaps a ‘Nobel 
Prize’ syndrome like that of the ‘Gold 
Medal’ in the field of sports. 

A closely related issue is: should we 
not devote most on applied sciences to 
address more urgent national needs/ 
problems. One may also argue that as in 
other cultural activities (like music, litera¬ 
ture and art) certain investment is neces- 
saiy for the sake of exceptionally gifted 
and dedicated scientists in order to achieve 
excellence. Another question arising from 
the National Science University (NSU) 
proposal is whether ‘pure sciences’ could 
be done in total isolation in this age of 
holistic perspective ^ 

Many recipes have been offered to 
reach the pinnacle. The NSU proposal^ 
is the latest and its ingredients are: (i) 
link between research and undergraduate 
education, (ii) better inputs (of facilities 
and expertise), and (iii) a conducive ambi¬ 
ence and value system. It seems that the 
proposal aims at growing certain ‘exotic 
flowers’ of ‘research’ in a ‘greenhouse’ 
termed ‘NSU’. If the purpose is only to 
grow the hitherto unbloomed flowers then, 
perhaps, there may not be much argument 
except that: What makes it sure that the 
‘strategy’ will succeed? Because, to some 
extent, the TIFR and IISc did have 
equivalent approaches, barring the under¬ 
graduate education programme. They had 
funds, vision, expert faculty, political (or 
governmental) support, and even the 
industrial back-up. However, the gains of 
some 40 years are ‘what’ has been 
described by the guest editor and others 
in the 10 October, 1994, issue of Current 
Science. 

But, if S & T has to be meaningfully 
tied up with development, then it is per¬ 
haps debatable whether NSU is the best 
option. Because a sustained and environ¬ 
ment-friendly socioeconomic growth of 
almost 1 billion people through S & T is 
a gigantic task requiring a much larger 
vision, different strategy and scale of 
operation. It needs not only ‘flowers’, 
but also, more importantly, the ‘fmits’ 
of research. The ‘flowery’ purpose of 
NSU may probably succeed in due course, 
bringing ‘name’ to the country, but it is 
not clear how it will integrate ‘fundamen¬ 


tal research’ with the much essential and 
multifaceted applied aspects. For example, 
basic sciences like geology and astronomy 
are not included, the former because it 
is applied (e.g. in assessing natural resour¬ 
ces/hazards and environment); incidental¬ 
ly, there is no Nobel Prize in these 
branches. 

If application is not the aim, some may 
plead that, when even the advanced 
countries find it difficult to plough resour¬ 
ces into pure research, should our 
country - among the bottom ten of the 
world in many respects ~ venture only for 
‘name’-sake. Few other problems are: (i) 
it will further add to ‘brain-drain’; (ii) 
its direction and purpose could be articu¬ 
lated by some of its outside ‘leaders’ 
who may have different perceptions; (iii) 
its output on joining the mainstream may 
get frustrated due to contrasts in the 
ambience. 

An important aspect of NSU as 
elaborated earlier by Srivastava^ is the 
need to bridge the existing gap between 
research and education. Such interfacing 
at the undergraduate level will under¬ 
standably raise the quality. But, implicitly, 
it brings forth the closely related problem 
of the quality of primary (P) and secon¬ 
dary (S) education, to which more than 
80% of the students belong but are unable 
to enter the undergraduate level. Hence, 
the creative potential of a very large 
percentage of young ‘gene pool’ remains 
untapped (or unearthed). 

For example, those who qualify for 
HTs and are likely to enter the NSU 
mostly belong to middle and higher clas¬ 
ses, as all of them have to bank upon 
costly and programmed ‘coaching’ and/or 
‘correspondence courses’ - a phenomenon 
confined to urban middle and upper class. 
It is rare that students clear the entrance 
examinations only by studying the ten- 
plus-two course textbooks, even those 
prepared by the NCERT through eminent 
scientists. Is it not sad that over the last 
30 years even the IIT faculty has not 
thought it necessary to provide sufficient 
and affordable material for the ten-plus- 
two students of remote mral areas who 
have no other means, facilities or resour¬ 
ces to improve their insights, under¬ 
standing and problem-solving capabilities 
in order to equally compete with their 


More comments 


urban and privileged counterparts. 

Probably the most important problem 
to be faced by proposals like NSU is to 
ensure a buoyant inflow of brilliant young 
boys/girls. And even when a combination 
of students, teachers, facilities and value 
system is able to produce ‘great research 
potential’, it may still be difficult to 
sustain it if a certain ‘quality of life’ is 
not assured. Normal motivations to strive 
hard are: fame, money, power, social 
status, etc., which explains why the best 
among our youth are taken away by the 
IAS, IPS, IIT, IIM streams and nowadays 
by the industry. In comparison, the S & T 
professions are not attractive and often 
even the conunon needs of life are dif¬ 
ficult to fulfil. Under Indian conditions, 
the latter may take a heavy toll on the 
mental, physical and psychological ener¬ 
gies. It might be argued that people 
devoted to ‘intellectual curiosity’, to 
‘deduce’, ‘discover’ or ‘invent’ should 
not bother about material needs/comforts, 
but in any case some respite is indeed 
essential from the mundane problems of 
life, since a certain degree of inner 
freedom and peace are almost pre¬ 
requisites for creativity to flourish. 

Unless the young ten-plus-two entrants 
are able to foresee a ‘floodlight’ at the 
end of the tunnel comparable to other 
professional options, it will be difficult 
to attract the most promising ones. An 
even greater problem is to retain them. 
Thus, any recipe to improve the S & T 
output will have to address this crucial 
issue. 

Excellent science expresses itself both 
in ‘individual’ and ‘group’ modes. Certain 
activities, even in basic sciences, need 
large-scale experiments, field or labo¬ 
ratory work/tests (e.g. in accelerator or 
space research, human genome project, 
geoscientific field investigations, etc.), 
while theoretical studies may often be 
based on individuals. Even in group re¬ 
search there are some who formulate and 
provide vital insights. Such individuals 
often act as the ‘sources’ (or ‘charges’) 
and create the desired ‘research potential’. 
The presence of such leaders (the likes 
of Profs. Raman, Saha, Krishnan, to name 
a few) is an essential ingredient required 
for excellence, but one is forced to think 
that over the past 40 years the ‘charge’ 
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has perhaps reduced to less than the 
‘^critical’ needed to trigger an explosion 
of ‘scientific creativity’. 

As succinctly brought out by Srivastava 
in his presidential address at the 81st 
Science Congress, the country requires 
both excellence at the highest level and 
accountability (i.e. effective applications 
of S & T). Hence, while the NSU, by 
linking education and research, may 
achieve excellence in pure sciences, the 
‘accountability’ part also deserves equal 
attention. 


1. Good, M. L. and Lane N. F., Science, 
1994, 266, 741>743, 

2. Mahajan, S. M., Curr, ScL, 1994, 67, 503- 
507. 

3. Srivastava, P. N., Curr. Sci., 1994, 67, 
508-511. 


U. Raval 

National Geophysical Research Institute 
Hyderabad 500 007, India 


There seems to be an ongoing debate 
between the non-resident Indian (NRI) 
scientists and the Indian scientific estab¬ 
lishment, in the issues of Current Science, 
on the proposal of creating a National 
Science University (NSU) in India. Rrof. 
Mahajan, one of the promoters of the 
NSU, is scathing in his indictment of the 
scientific establishment in this country, 
and has dismissed the quality of research 
in India as being poor. The resident scien¬ 
tists have pointed out that the contribution 
of the NRIs to science and technology 
at the international level is not at all 
impressive, and that the proposal is 
saturated with implicit arrogance. They 
have expressed misgivings that the NSU 
may turn out to be a haven for bumt-out 
NRI scientists. Perhaps the only point of 
agreement between the two lobbies is 
that, both of them are unanimous in 
proclaiming that the existing universities 
and colleges are dens of ignorance from 
which nothing good may be expected. 
Whereas Mahajan says that ‘universities 
are saddled with teachers and professors 
whose intellectual level is shock- ingly 
low’. Prof. Ramakrishnan states that ‘we 
do not have even one university which 
can be compared to the best in the world 
overall’. In fact, scientists in our country 


miss no opportunity to declare that our 
universities have low standards and poor 
academic environment. 

If the problem is regarding science 
education at the higher level, it is rather 
surprising that Current Science did not 
invite any of the eminent scientists from 
the universities to respond to the proposal. 
Considering that the entire undergraduate 
and most of the postgraduate education 
takes place in the universities and col¬ 
leges, the major response should have 
been from these institutions. There are 
distinguished scientists who have spent 
all their productive years in the univer¬ 
sities and have contributed to the growth 
of science in India both by their own 
research work and by training others to 
be researchers and teachers. I am sure 
that Current Science is aware of this. 
The proposal as well as most of the 
responses so far seem to be from scientists 
who have no serious responsibilities 
towards science teaching in the country. 

It is well known that in the pre-inde¬ 
pendence days most research work used 
to be conducted in the universities. P. C. 
Ray, J. C. Bose, C. V. Raman, K. S. 
Krishnan, M. N. Saha and S. N. Bose, 
to name a fev eminent researchers in the 
physical sciences, were all associated with 
the universities. All of them were remark¬ 
able teachers too. In the post-inde¬ 
pendence period too (especially in the 
fifties and sixties), many eminent scien¬ 
tists were from the universities; for 
example, T. R. Seshadri, G, N. Rama- 
chandran, Neelratan Dhar, B. R. Seshachar 
and A. K. Raichaudhuri. It is however, 
tme, that the overall quality of research 
in the universities has not been particular¬ 
ly satisfactory, and its impact at the 
international level is negligible. This is 
generally ascribed to the creation of 
research institutes outside the university 
sector. 

While granting that research work done 
in the universities is not of a high order 
or of great relevance to the needs of the 
country, what is more shocking is that 
our elite institutes in science and tech¬ 
nology, have hardly distinguished them¬ 
selves, given the power, prestige and 
almost totally unquestioned access to 
funds that they enjoy. These institutions 
and their priorities have also played an 
unreasonably important role in shaping 
our S T and higher-education policies. 

As an instance of the total neglect that 
the universities are facing (and the un¬ 


reasonably large percentage of the S & T 
budget that our research institutes obtain), 
we may take a look at the break-up of 
the more than 1432 projects amounting 
to nearly Rs 105 crores, sanctioned by 
the various S & T-related agencies of the 
Government of India in 1992-93. More 
than Rs 50 crores have been sanctioned 
to about 112 projects (above Rs 20 lakhs 
per project). But, of these, only 20 are 
from the universities and if we count out 
the central universities, the number comes 
down to 14. Of course, most of the minor 
research projects, with an average alloca¬ 
tion of around Rs 15,000, are in the 
universities! The allocation of project 
funds is only one part of this inequitous 
pattern of funding. The annual budgets 
of most of our prestigious elite institutes 
are usually several times more than the 
budgets of any fairly big established 
university in the country. Even then some 
of the top scientists of the elite institutions 
clamour for more funds. They point out 
the low per-capita budget spent on scien¬ 
tists in their institutions compared to that 
incurred in Japan or in the US. Often, 
such comparisons are made to explain 
away the dismal performance of the Indian 
S & T centres. 

Are the scientists in our elite institutes 
pioneers in any field, or is there any 
distinctly Indian contribution in any 
branch of science in the recent times? 
They are generally swayed by every pass¬ 
ing trend in the West, and they give little 
importance to work done in ‘unfashionable’ 
areas. This is a trait which they share 
with the NRIs. Any citation analysis of 
papers published from any of our elite 
institutions indicates no major achieve¬ 
ments (at least as recognized by the world 
community). However, they are in the 
forefront for getting all the prestigious 
awards, fellowships of academies and 
positions of power in the S & T 
bureaucracy. 

Many of these scientists have total 
contempt for the rest of the Indian scien¬ 
tific community, especially those working 
in the universities and colleges. But that 
does not prevent them from taking over 
most of the positions of power from 
where they can control the entire activity 
of the S & T community, that works in 
the universities and colleges. I recall the 
case of a leading mathematician from one 
of our elite institutes who declared that 
he would not go any where near the 
mathematics department of any university. 
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But he seemed to have had no second 
thoughts about accepting, when called 
upon to take, a leading role in one of 
our national bodies concerned with 
improvement of mathematics in the 
countiy. 

Let the NRI scientists and the leaders 
of elite Indian institutions battle it out 
between themselves as to who is more 
marginal as far as contribution to science 
and technology of the modem era is 
concerned. The poor Indian universities 
are perhaps best left out of such discus¬ 
sions. 

While I was preparing this letter, a 
very disturbing document came to my 
notice; a draft academy paper on univer¬ 
sity education in science published by 
the Indian Academy of Sciences in 
December 1994 [see page 255, this issue]. 
The document refers to a working group 
of the planning commission which 
proposes a three-tier system for science 
education in the country. The first tier 
is to cater to about 700 ‘highly talented’ 
students to be trained in about 7 centres 
with an annual outlay of approximately 
Rs 70,000 per student. The second tier 
is aimed at about 24,000 students, 
presumably of lower calibre, to be trained 
in 20 colleges, with an annual expenditure 
of Rs 5000 per student. The third tier is 
designed for nearly 125,000 students, 
presumably worthless, to be trained in 
colleges with ‘poor-quality faculty and 
inadequate infrastmcture’, through video¬ 
tapes, with a magnanimous outlay of near¬ 
ly Rs 480 per student, per year. The 
faculty for these is to be trained in the 
nearby universities. 

The panel (constituted by the Indian 
Academy of Sciences), which has 
prepared the draft, endorses this recom¬ 
mendation with the proviso that the 7 
centres mentioned earlier should be within 
the overall university system, but should 
be independent and autonomous. Nothing 
is said about how these ‘highly talented’ 
students, on whom so much money is 
proposed to be spent, would fulfil any 
national need, or of any commitment 
demanded of them. The proposal is 
downright insulting and humiliating to 
the university fraternity in this country. 

Why, if the outlay for exceptionally 
talented students is doubled, or if the 
number of such students adopted be 
halved, they might as well be sent abroad 
for their undergraduate education, as the 
best education at that level is presumably 


available only in some western countries! 

If our policy makers are serious about 
changing the scenario of education and 
research in our universities, they should 
not commit public funds to gimmicks 
such as the NRI-sponsored NSU. Nor 
should they be carried away by the various 
proposals and draft papers put forward 
by the top scientists of our elite science 
institutions, whose commitment to any 
national cause is somewhat unclear, but 
who wish to play a dominant role in all 
policy formulations. 

The only way some of us in the univer¬ 
sities can see the situation changing in 
the larger scientific community of India 
is by involving eminent people in the 
universities and colleges in deciding their 
own internal policies. Further, they should 
have a say in national policies, including 
the assessment of performance of our 
research institutions. Only in that way 
can some semblance of equity come in 
terms of correcting the totally skewed 
nature of funding as well as dispensing 
of power and status among scientists in 
the country. Introducing such a control 
may bring in more accountability and 
lessen the aloofness of the elite institu¬ 
tions, and make them more aware of the 
needs of the country. 


M. S. Srii^vm 

Department of Theoretical Physics 
University of Madras 
Madras 600 025, India 


This is in response to the articles pub¬ 
lished in Current Science (10 October 
1994) about the proposed National 
Science University. We, the following, 
support the idea that a brainstorming and 
heart-searching session needs to be 
arranged to debate on this matter because 
this is a very important decision aiming 
at rejuvenating the scientific teaching and 
work in this country. In our opinion, the 
concept of the proposed National Science 
University is not in tune with upholding 
the scientific tempo in a global perspec¬ 
tive. Science cannot develop in isolation. 
Whatever expertise we have so far 
developed in this country needs to be 
sustained. During the post-independence 
period, a chain of scientific institutions 


and universities was set up. This was 
further strengthened by the broader theme 
of opening up of a few IITs regionwise, 
ending with a smaller perspective of scien¬ 
tific or technological pursuit. As a result, 
the other institutions/universities have 
been continuously neglected and deprived. 
Despite that, they were allowed to admit 
more and more students in graduate and 
postgraduate classes, and teaching of 
science and scientific work became 
politicized and devoid of any uniform 
standard and fresh outlook. And now, 
once again, we are going to have a 
superstructure of a National Science 
University, which is bound to face the 
same fate in the present-day scenario of 
regional politics and disintegration. Thus, 
writing off the old institutions/universities 
and neglecting them further by undertak¬ 
ing new ventures on super-institutions 
such as NSU will definitely induce more 
heartburn. This will do more harm than 
good in sustainable progress of science. 
Already a few institutions and universities 
are showing remarkable success in main¬ 
taining scientific tempo. If anything mean¬ 
ingful is to be done at the present juncture, 
it is to extend help to those centres in 
the form of finance, collective leadership 
and management free from all sorts of 
bureaucracy. Many institutions/university 
centres could have delivered real good 
science, both in teaching and research, 
had all the rules and regulations envisaged 
thus far for the proposed NSU been 
applied. It is not the NRIs alone but 
scientists from all over the world who 
are to be attracted to collaborate. NRIs 
are only a fraction of those scientists and 
if NRIs feel that they have a certain 
obligation to repay the debt, there are 
several ways to do that but not by opening 
up another class of universities such as 
the proposed NSU. Collaboration or ex¬ 
change of scientists is not non-existent 
at present but this should be provided at 
a very high and selective level. There is 
no dearth of good scientists in this 
countiy, but the management succumbing 
to no work culture already eats into the 
vital of the lives of those who wish to 
change the mle. Today, we do not find 
that nationalist spirit which once created 
a feeling that we are inferior to none; 
we talk only on collaboration but what 
collaboration we are not sure of. If the 
government and the people are sincere 
enough to remodel the management of 
scientific education and research, it is 
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necessary to apply step by step the thumb 
rule of ‘hire and fire’ to the existing 
universities/institutions as far as prac¬ 
ticable and not by instituting the NSU 
as proposed. If such a university comes 
up, it will be a suicidal one, leading to 
more chaos in straightening up the 
management and in distribution conducive 
to better scientific pursuit. Is it possible 
to introduce the ‘hire and fire’ rule as 
well as work culture in this ill-conceived 
democratic set-up of politics and 
socioeconomic conditions? If this is made 
possible, rest assured the scientific pursuit 
in this country will take a new turn and 
this country can have innovative teaching 
and research in science and technology 
indigenously. 

B. B. Biswas 

C. Dasgupta 
Ashoke Kumar Thakur 

Department of Biophysics, Molecular 
Biology and Genetics 
University of Calcutta 
Science College, 92 A.P,C. Road 
Calcutta 700 009, India 


The proposal of creating a National 
Science University (NSU) in India by 
Mahajan^ of the University of Texas, 
USA, has several plus points, enumerated 
and discussed by several distinguished 
scientists'"^. 

Plus points 

An ideal university/institution that is 
involved in pursuing activities in science 
is supposed to have three important func¬ 
tions to perform: (a) dissemination of 
knowledge (teaching), (b) its creation 
(research), and (c) its transformation 
(extension/application). Our colleges, 
universities, IITs and other science insti¬ 
tutes/laboratories seldom perform all the 
above functions. The proposed NSU 
appears to be different from the existing 
academic institutions in that the former 
envisages among its objectives optimal 
performance, taking into consideration all 
the three important functions. Further¬ 
more, it'has been proposed that the NSU 
would keep pace with up-to-date progress 
in the fields of science and technology, 
and eventually groom and produce world- 


class brilliant scientists. The proposal, in 
general, appears to be eminently good 
more so when the NSU proposes to 
provide each of its faculty a sum of 
US $50,000 as an annual research 
grant. 

Critical consequences 

However, I am of the view that there 
are certain points which make the NSU 
proposal practically unworkable. It has 
been proposed that the NSU would be 
of moderate size, consisting of 100-200 
faculty members, 800-1500 undergraduate 
population and about 200-400 Ph D level 
students. The crucial point of concern 
here is the last figure (median value = 
300). If one presumes that a Ph D student 
would take 4 years for the successful 
completion of his/her work, then every 
year following the fourth year of NSU 
establishment, we shall have around 300 
doctorates in basic sciences (physics, 
mathematics, astronomy, chemistry, com¬ 
puter sciences and ‘biology). This figure 
amounts to approximately 10% of the 
estimated turnout of doctorates in natural 
sciences alone in 1993 (refs. 7, 8). Where 
do they go after obtaining their Ph D 
degree? Do they go to USA (for example) 
or join our existing mediocre univer¬ 
sities/institutes? If they go to USA, or 
to any other foreign country for that 
matter, then the proposed NSU would 
become yet another export house dealing 
with brains. The scientists churned out 
of the NSU would definitely feel 
dejected/frustrated if they join our existing 
academic centres, barring a couple of 
prime national institutes which are splen¬ 
did by world-class standards. Ideal en¬ 
vironment should be created in our science 
centres so that the products of the NSU 
when absorbed would continue to main¬ 
tain the scientific temperament that might 
have 'been infixed into their mind during 
their tenure at the NSU. Would it not 
be worthwhile then to think of the outlets 
first before the NSU crystallizes? 

Root cause 

While reviewing the status of science 
education and research in India, Mahajan^ 
has probably ignored, may be inadver¬ 
tently, the root cause of deterioration of 
the standard of science education and, 
consequently, research. We have colleges 
with just a single microscope and 


makeshift laboratories, yet every year 
hundreds of tertiary-level degree holders 
(science graduates, B Sc’s with biology 
as the core .subject) pass out. Later they 
join the universities. Should we expect 
development of critical scientific faculty 
in them? A couple of steps down the 
ladder, we do find that the standard of 
science teaching at lO-plus-2. level is still 
worse. Should we not fortify our base 
first, before manoeuvring in the front? 
One single NSU located somewhere near 
New Delhi, I think, cannot transform the 
whole gloomy science scenario currently 
prevailing in the country. 

Ombudsman or NSI? 

It has been unequivocally accepted that 
most of the Indian universities suffer from 
shortage of funds and present a gloomy 
picture as far as research activities are 
concemed^”^ \ Several fundamental pro¬ 
blems relating to library, laboratory and 
management collectively create an atmos¬ 
phere which is not* conducive to conduct¬ 
ing of good science. Interestingly, our 
teacher-cum-scientists in the universities 
are usually carried away by the fads of 
the day. For example, in each and every 
remote place we try to start courses on 
biotechnology, molecular biology, etc., 
with extreme disregard to adequate in¬ 
frastructural support requirements. We 
tend to reject taxonomy as a subject of 
research (fortunately, gaining ground as 
everybody is now becoming alert to main¬ 
taining biodiversity), yet we end up teach¬ 
ing molecular biology at M Sc levels, 
with how to prepare acetocarmine stains, 
etc., as impudently unsuitable laboratory 
exercises. Should we or should we not 
practice this type of science activity? If 
the latter is acceptable, then do we need 
a science ombudsman or a National 
Science Inspector (NSI)? 

In a nutshell, in India, we need not 
just one but several NSUs. However, it 
should be our concern to identify the 
root cause of the nadir in science activities 
relating to education, research and exten¬ 
sion. A globally healthy body is desirable 
as against a body with well-developed 
head but crippled limbs. Should we not 
improve our science colleges, where 
scientific inquisitiveness could be in¬ 
ducted into the young mind. The law of 
averages could only bring out our scien¬ 
tific brilliance in submultiples of what 
has been proposed to be achieved through 
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single NSU to be created and located 
a! a New Delhi suburb. 
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Atanu Kumar Pati 

School of Life Sciences, 

Pt. Ravisfiankar Shukla University 
Raipur 492 010, India 


The economics of sharing scientific and social information 


In a recent article in Current Science, 
Kale et al.'' make a case for sharing of 
information between the industry, govern¬ 
ment, and the general public. They also 
emphasize the need for such sharing of 
information, specifically in connection 
with introducing new legislations or in 
enforcing the regulations under the exist¬ 
ing legislations. The point that is quite 
central to the issues raised by Kale et 
al.^ is the economics of information. There 
are private and social costs of gathering 
information, and there are also private 
and social benefits of using that infor¬ 
mation". It is not fair to demand a private 
firm which incurs private cost in collect¬ 
ing information to make such information 
available free of cost either to the govern¬ 
ment or to the public, unless such sharing 
of information freely or at very low cost 
can enhance its own private benefits. The 
main point these authors make is that 
there is, in fact, a possibility that sharing 
of information can enhance the private 
benefits to the industry. A case in point 
is that it helps the industry to make such 
information available for a wider aca¬ 
demic audience for a careful scrutiny. 
Such a scrutiny will improve the credi¬ 
bility of the information as scientific 
evidence to support the industry’s case 
in dealing with the government and the 
courts. 

There are some other types of infor¬ 
mation, such as information on scientific 
R & D, the cost of generating which is 
very high, and sharing it with others will 
entail giving away enormous benefits to 
others and even possibly reducing the 
benefits to the persons collecting the 


original scientific R & D information. 
Sharing of such information must be done 
only subject to recovering the cost as 
well as a .major part of the benefits that 
can accrue to the others. Otherwise, where 
is the incentive for generating scientific 
R&D? R&D investment is a risky 
investment. The private corporations in 
capital-scarce developing countries such 
as India do not spend, for fairly good 
reasons, much on R&D in science and 
technology^. However, there are optimistic 
expectations that in spite of the significant 
difference between the developed and the 
developing countries with respect to 
investment in R&D, the latter can im¬ 
prove their technological capabilities in 
the near future"^. 

If industry protects its own information 
from public domain, should it not pay 
for the information it uses from the public 
domain? Here one is referring to national 
databases, which impose enormous costs 
to the exchequer. There is a great potential 
in them, if only they are properly visual¬ 
ized and utilized! But it is difficult for 
the government to price its information 
differently for different users, some 
receiving much more benefits than the 
others. One must find alternate ways of 
recovering costs from potential bene¬ 
ficiaries. A part of the justification for 
corporate taxes lies in such services 
the government renders to the corporate 
sector. 

In economic theory there is an extensive 
discussion on the issue of asymmetry of 
information and the associated welfare 
losses^. Some simple illustrations will be 
useful to highlight the issues. Information 


on a product’s adverse quality is available 
to the firm and not to the consumer. 
Suppression of such information is advan¬ 
tageous to the producers and disad¬ 
vantageous to the consumer. Insider’s 
information known to a company execu¬ 
tive, and not to a general purchaser of 
company stocks, can give rise to enor¬ 
mous profits to the company executive. 
Owner of a used car has adverse infor¬ 
mation on the car, which he suppresses, 
thus causing losses to the potential pur¬ 
chaser. It is argued in the literature that 
the welfare losses can be minimized by 
either reducing the asymmetry of infor¬ 
mation or through legislations controlling 
the undue profits people might make, as 
in the case of insider’s information. 
Transparency in the information the 
government collects and uses as advocated 
by Kale et al.^ is an attempt to reduce 
asymmetry in information and thus to 
improve welfare. This point made by 
Kale et al.^ is also supported by the 
theoretical literature on economics of 
information, and in particular on the wel¬ 
fare loss implications of asymmetric in¬ 
formation^'^. 

There is one more mechanism through 
which scientific and technological infor¬ 
mation can be made accessible to all. 
This is through private and public interest 
litigations on the damage caused to the 
individuals and to the society by products 
and services produced using scientific and 
technological R&D. While processing 
such litigations the judicial system should 
call experts in the subject as expert wit¬ 
nesses to testify regarding the scientific 
credibility of the evidence produced, by 
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the two parties. This is what was partly 
implied when Kale et al} said ‘certain 
classes of academicians, particularly those 
with strong interdisciplinary capabilities, 
have a ready market for their work in 
Indian Industry’. There is need to promote 
the Tort law in our country. With more 
and more industrialization and globaliza¬ 
tion we will be going in this direction 
and there is a need for the kind of 
interaction between the academic com¬ 
munity and the industry that Kale et al} 
refer to. 
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On the need to install seismographs in the Himalayas 


Plans are underway to install a substantial 
number of new seismographs in the 
country. It is my strong conviction that 
a majority of these should be set up to 
monitor earthquakes of the Himalayas 
from within the mountains. 

Recent earthquakes of the Peninsula 
notwithstanding, it is acknowledged that 
the Himalayas are the most active seismic 
region of India. Four earthquakes with 
magnitudes exceeding 8 have occurred in 
the Himalayas in a span of 53 years 
between 1897 and 1950, while earth¬ 
quakes with magnitudes up to about 6 
only have been reported from the Penin¬ 
sula. The energy unleashed in a mag¬ 
nitude-8 earthquake is about 900 times 
that in a magnitude-6 earthquake. The in¬ 
tensity of effects and the region of destmc- 
tion are correspondingly larger in the former 
case than in the latter. The rates of increase 
with magnitude are nonlinear for both in¬ 
tensity and area of destruction. Forty-four 
years have passed already since the last 
earthquake of magnitude greater than 8 
occurred in the Himalayas. 

While the reports prepared to document 
the visible effects of the above great 
Himalayan earthquakes are exemplary, the 
situation regarding instrumental observa¬ 
tions is very unsatisfactory. Hence, quan¬ 
titative information about the great 
Himalayan earthquakes is almost nonex¬ 
istent. In fact, the era of modem long- 
period seismographs had just dawned with 
analogue recording when the great 1950 
earthquake occurred in the then NE Fron¬ 
tier Agency (NEFA). Even today, the 
number of continuously recording seis¬ 
mographs in the Himalayas is woefully 
small. None has the digital recording 


facility. Moreover, the geographic dis¬ 
tribution of instruments is very uneven. 
Earthquake prediction capability world¬ 
wide being what it is, all accessible parts 
of the Himalayas have to be covered 
with robust digital recording seismographs 
to catch the next great earthquake. This 
is because the threat of a great Himalayan 
earthquake is not only to the mountainous 
areas above the buried extended source 
but also to the contiguous parts of the 
Indo-Gangetic Plains. With the pheno¬ 
menal growth in the population of these 
plains and with no progress towards 
strengthening of individual houses, the 
tragedy awaiting us is almost beyond 
imagination. 

There have been efforts in some 
quarters to downplay the threat of the 
next great Himalayan earthquake. Of 
course, it would be unwise to cause a 
scare among the public on this account. 
Yet, sober publicity of this threat has to 
be undertaken for several reasons. Firstly, 
taxpayers’ money is spent on hydroelectric 
projects and other developmental activities 
in the Himalayas. Similarly, important 
facilities, such as nuclear and thermal 
power plants, major industrial installa¬ 
tions, office buildings, hospitals, schools 
and the like are and will be built in 
the Indo-Gangetic Plains, where the 
destructive effects of the great 
Himalayan earthquakes have been and 
will be felt. The public should know 
why the costs of these projects are 
enhanced if measures are taken against 
earthquake forces. Secondly, individual 
members of the public have to be per¬ 
suaded to strengthen their houses against 
earthquakes on a priority basis. This 


has to be done by retrofitting in houses 
already built and by initial design in 
those yet to be built. If this is not done 
then many more Uttarkashis and Laturs 
will be witnessed in future Himalayan 
earthquakes. 

This is not the place to expound all 
the reasons why great earthquakes should 
be expected to continue in the Himalayas. 
But even by common sense, one' may 
conjecture that if some natural pheno¬ 
menon has been observed once then it 
will happen again under similar circum¬ 
stances. Thus, if four great earthquakes 
have occurred in the past hundred years 
in different segments of the Himalayas, 
then similar earthquakes should be ex¬ 
pected in other segments also in the 
course of time because all lengthwise 
segments of the Himalayas are more or 
less geologically similar. 

The compelling need of the hour from 
the viewpoint of earthquake hazards is 
for intensified seismological investigations 
supported by copious, high-quality obser¬ 
vations from all parts of the Himalayas. 
Seismographs installed outside the 
Himalayas will not meet this need ade¬ 
quately. There have to be numerous in- 
stmments right in the mountains. Side by 
side, a campaign should be initiated to 
get individual houses strengthened. 
Monetary costs of these activities should 
be deemed to be recovered if human 
lives can be saved. 

Ramesh Chander 

Department of Earth Sciences 
University of Roorkee 
Roorkee 247 667, India 
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Medical ethics in India 

Doctors in countries with a low GNP 
face a dilemma: unless they have private 
patients, their standard of living will be 
much lower at home than abroad. So 
doctors in India, even when they are 
employed by the State, rely on private 
patients. There has been widespread con¬ 
cern that doctors and administrators have 
sometimes taken actions which were not 
in the interest of their patients. A group 
of doctors in Bombay has founded a 
Forum for Medical Ethics, which pub¬ 
lishes since 1993 a quarterly journal. 
Medical Ethics, the only journal of its 
kind in India. The Forum began when 
an attempt to win seats in an election to 
the Maharashtra Medical Council (MMC) 
failed - an election which reads like 
Chicago in the days of prohibition. The 
MMC is a body despised and discredited 
by doctors and lay persons alike, but the 
government appears unwilling to reform 
either the council or the election farce. 
The Forum believes that ethical and moral 
standards are plummeting and that the 
‘credo is to make profits’. The Forum 
hopes to arrest that fall. 


One of the founders is Dr S. K. Pandya, 
known to many for his ‘Letter from 
Bombay’ in the British Medical Journal. 
It was this letter which discussed the 
tragedy caused by the adulterated glycerol 
(it was actually ethylene glycol) sold to 
the pharmacy of the Sir J. J. Hospital in 
Bombay and the subsequent enquiry by 
Justice B. Lentin: an enquiry without 
action. 

When the first cases of AIDS and of 
HIV-positive people were diagnosed in 
India, there was a panic reaction on the 
part of the politicians, police, press, public 
and the medical profession. Legal rights 
were ignored and women were arrested 
and imprisoned. Some large hospitals in 
Bombay insist that all patients seeking 
help must be tested for HIV antibodies. 
Medical Ethics has already published 
several articles and letters on this subject 
and a recent issue has an article on AIDS 
and the Law by Justice Michael Kirby 
of the Supreme Court of Sydney, 
Australia, an outstanding and outspoken 
authority on this issue. Another local 
concern has been the forced hysterectomy 


of mentally handicapped women in state 
institutions; a statement by PAYAY, a 
group based in Pune, has offered humane 
alternatives. 

This lively journal has book reviews, 
letters and provocative articles. It is work¬ 
ing to swell the ranks of ethical doctors 
in India, ‘In addition to caring for our 
patients, let us try to heal our ailing 
profession’. 

Ethical issues are not confined to India 
or to the medical profession. Experiments 
on animals and embryos, patents on cell 
lines, germ plasm and plants and many 
other issues fill the newspapers in Europe 
and America. Standards of teaching and 
research are being questioned in Britain. 
Many of us have considered a Hippocratic 
Oath for biologists before granting profes¬ 
sional qualification. Scientists need stand¬ 
ards too. 

H. V. Wyatt 


1 Hollyshaw Terrace 
Leeds LS15, 7BG UK 


Enhancing indigenous S & T coverage in media 


To popularize the results of research find¬ 
ings of our thousands of researchers acti¬ 
vely working in critical areas of science 
and technology, the write-up ‘Enhancing 
indigenous science coverage in communi¬ 
cation media’ discussed some ways and 
means to highlight our achievements in 
the S&T sector*. Endorsing this indi¬ 
genous initiative, three science writers 
voiced similar concern^. In fact, one of 
the science writers, K. N. Pandey, 
suggested rationally that the Popular 
Science Wing of the Union Ministry of 
S&T should come forward to allocate 
the funds, ensuring the purchase of lead¬ 
ing Indian S&T journals as well as their 
distribution to the active science writers. 

Surprisingly, among all the quarters the 
well-known fortnightly journal of re¬ 
search, Current Science has come forward 
with an excellent offer of providing 
Current Science gratis to 12 members of 


the national body of science communi¬ 
cators, the Indian Science Writers’ 
Association (ISWA). This kind gesture 
on the part of Current Science is indeed 
a welcome step. In fact, its editor. Profes¬ 
sor S. Ramaseshan, deserves all praise 
for promptly taking this decision. The 
ISWA is now finalising the names of 12 
writers who could utilize this golden 
opportunity. 

With this backdrop, one wonders 
whether the popular-science managers in 
the Union Ministry of S&T are even 
aware of this scheme published in two 
issues of Current Science^'^. With an 
annual budget of over 40 million rupees, 
it should not at all be difficult for the 
Popular Science Wing of the S&T 
Ministry-the National Council for 
Science & Technology Communication 
(NCSTC)-to implement this novel 
scheme on an experimental basis. In fact, 


this particular initiative falls very much 
under the purview of the NCSTC mandate. 
However, in the recent past two more 
outfits have emerged: the NCSTC-Net- 
work (a govemment-cum-voluntary-cum- 
nongovemmental body) and an auto¬ 
nomous organization, the Vigyan Prasar. 
One really does not know which one 
of these three will now provide the 
much-needed push to this indigenous 
initiative. 


1. Jain, N. C., Curr. ScL, 1994, 66, 98. 

2. Salwi, Dilip M., Singh, Ranbir and Pandey, 
K. N., Curr. Sci. 1994, 67, 149-150 (in¬ 
dependent letters). 


N. C. Jain 

B‘II 6/6, New Minto Road Apartments 
New Delhi 110 002, India 


240 


CURRENT SCIENCE, VOL. 68, NO. 3, 10 FEBRUARY 1995 


CORRESPONDENCE 


Science needs a front seat 


Development of Science in India has 
brought benefits but these benefits are 
not necessarily distributed to everyone’s 
satisfaction. Today we talk of highly 
sophisticated fields of science and have 
high hopes of pursuing research of in¬ 
ternational standards, but in realistic terms 
we hardly feel proud of our scientific 
power and strength. After 47 years of 
independence, doubts are being raised 
over the achievements and contributions 
of science in India. 

An analysis of the development of 
science is instructive with regard to the 
national aspirations at the time of inde¬ 
pendence. In the domain of defence we 
wanted to become relatively self-sufficient 
in manufacturing and operation of sophis¬ 
ticated crafts and weapons. In the field 
of health, our target was to acquire most 
advanced technologies in the field of 
diagnostics and treatment and to provide 
basic health facilities to the millions of 
our population. In agriculture sector, 
self-sufficiency in food production was 
the sole aim. Industrial sector aimed at 
satisfying domestic consumer goods 
demand. If we go on estimating the 
achievements in these sectors, we can 
easily find that we have come closer to 
the desired targets. Was this success pos¬ 
sible without the contribution of science? 
Have we forgotten where we were at the 
time of independence? With the freedom 
of our country, we had poverty-sunken, 
disease-prone, highly insecure illiterate 
mass. We had to fight a few battles with 
that and we survived. 

The science, in the past, has followed 
national goals and priorities set forth by 
country’s premiers and made them today 
a realizable truth. Unfortunately, the credit 
for the progress of the country has always 
been cornered by the political leaderships, 
whereas the scientists who really worked 
for achieving that were hardly given due 
regard for that, barring a few exceptions 
like H. J. Bhabha, S. S. Bhatnagar, 
M. S. Swaminathan, etc. Citing the words 
of W. H. Auden: ‘The true men of action 
in our time, those who transform the 
world, are not the politicians and states¬ 
men but scientists. Unfortunately, poetry 
cannot celebrate them because their deeds 
are concerned with things not persons 
and are therefore speechless.’^ 

Today science has grown enough to 


understand the basics of most modem 
and sophisticated technologies from the 
West. We have acquired sufficient in¬ 
digenous know-how to adopt and install 
a number of projects based on foreign 
technologies. Though we have failed in 
running a few, but that is attributed mainly 
to the management and financial reasons 
in a large number of public sectors. 
Private and cooperative sectors have per¬ 
formed well in a number of fields and 
undoubtedly prove Indian excellence in 
the technological front. 

Coming to the area of technology 
development, it seems that India is far 
behind any developed country. Indian 
technologies are considered inferior and 
non-reliable, that is why most of the 
Indian entrepreneurs preferred foreign 
technologies even if they were much ex¬ 
pensive. But does this point out the in¬ 
feriority of Indian scientists? The question 
is: How much do we spend on R & D 
for development of technologies. And the 
fact is that it is even less than 1.0% of 
the total GNP, which in forerunning 
countries is between 2 and 5% of their 
total GNP. 

Unchecked population growth remains 
the most serious problem faced by our 
country. In the words of M. S. 
Swaminathan, ‘There is as yet little 
widespread understanding of the serious 
crisis we are likely to face on the food 
front in the early part of the next century, 
if we do not intensify our efforts to limit 
population growth and adopt sustainable 
land and water use policies’.^ Under such 
a situation, we must realize that existing 
strategies will fail to provide food, clothes 
and shelter to the ever-increasing millions 
of our population. It may only be possible 
through judicious application of scientific 
techniques. In the coming decades the 
threat will not be of national security 
from foreign enemies but from dissatisfied 
escalating population striving for their 
basic existence inside the country. 

The need to develop our own tech¬ 
nologies in the country was never given 
due importance as efficient and superior 
technologies were available from foreign 
countries. With the refusal of giving the 
technology of cryogenic engines by Rus¬ 
sia and the controversial conditions im¬ 
posed in the Dunkel proposal, continued 
dependence on foreign technologies seems 


no more a viable option in the time to 
come. The global trends clearly reflect 
that policies of buying foreign tech¬ 
nologies will no more be beneficial and 
India will have to concentrate its efforts 
in the direction of developing tech¬ 
nologies. Time is ripe enough for con¬ 
sidering scientific budgets at par with the 
defence budget. It is the need of the time 
that at least 2% of the national GNP be 
spent for scientific R & D. Calling 
foreigners to invest in the Indian industries 
alone will not be sufficient. It needs to 
be supported by a strong indigenous tech¬ 
nological base. Now we will have to 
think beyond self-reliance as liberalization 
will lead to tough international competi¬ 
tion for Indian industries and trade. 

It is true that scientific research is 
becoming a costly affair and care needs 
to be taken to check the misuse of funds, 
but freezing or reducing the scientific 
budget is a politically immature step. 
Surprisingly, scientific institutions in the 
country are considered loss-making public 
sectors and are subjected to curtailment 
of funds, recession of staff and have to 
continue with inadequate research 
facilities. It is incorrect to consider and 
evaluate scientific institutions as produc¬ 
tion centres. In fact, scientific institutions 
form the foundation of the industrial and 
production centres in terms of meeting 
their technological needs and supplying 
skilled manpower. Without the progress 
of such institutions we cannot think of 
a strong technological base in the country. 

The number of R&D scientists and 
engineers per million population is also 
very less in India (200 only) as compared 
to the developed countries (in Japan, it 
is 47,436) as per the NISTADS Report 
on Indian Science & Technology Indi¬ 
cators. It clearly reflects that science in 
India was never given due importance. 
It suffered much from the political and 
social neglect. In our sociopolitical stmc- 
ture, administration received top priority. 
Administrative jobs in the country are 
most lucrative and are considered the 
tops among all other services. It is really 
a shame to note that most of the scientists 
have to wait till a late age for getting 
absorbed into permanent positions. For a 
long time they have to bear the uncer¬ 
tainties of less-paid, temporary fellow¬ 
ships. It has been their deep interest and 
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commitment towards science which 
made them contribute at a relatively 
high level with minimal inputs. Had 
scientificrjobs been at par with those 
of administrative, more brains would 
have entefdd in the mainstream of 
science and contributed significantly. A 
large number of highly skilled scientific 
professionals have to migrate each year 
as they are denied even the minimum 


in this country. 

For all developmental needs, science 
will remain most important and it would 
be dangerous to keep on ignoring the 
tremendous powerful contribution it can 
and could make. 


1. Collins, K., Chem. Ind., 6 Jan 1986, 
9-12. 

2. Swaminathan, M. S., The Hindu Survey of 


the Environment, 1994, 7-9. 


S. K. SaXENA' 

National Institute of Science, Technology 
and Development Studies 
Dr K. S. Krishnan Road, Pusa 
New Delhi 110 012, India 
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On coconut and coconut oil - where modern science meets 
traditional wisdom 


Medical opinion is divided on the nexus 
between coconut oil, hypercholesterolemia 
and coronary heart disease. Vegetable oils, 
including coconut oil, have been shown 
to contain insignificant amounts of 
cholesterol compared to animal fat^ Since 
the human body has the inbuilt mechanism 
to synthesize cholesterol from certain 
saturated fatty acids that are consumed, 
coconut oil with its medium chain fatty 
acid content was presumed to contribute 
to cholesterol synthesis^. Contrary to this 
assumption which has been in vogue for 
a long time, a direct relationship between 
consumption of coconut kernel and 
coconut oil and incidence of coronary 
artery disease has not been well estab¬ 
lished. Moreover, population studies 
on coconut-consuming Polynesians in 
Hawaiian islands^ and Sri Lankans from 
Sri Lanka‘S indicate low levels of serum 
cholesterol and incidence of heart disease 
compared to their western counterparts. 

The reasons are perhaps not hard to 
find. Compared to all edible oils, palm 
and coconut oils contain appreciable 
amounts of tocotrienols^, the levels in 
palm oil being relatively higher. Their 
concentration in oil is dependent on the 
extraction procedure. Though coconut oil 
has a relatively lower tocotrienol content 
compared to palm oil, the quantity of 
coconut kernel consumed would compen¬ 
sate for it. Tocotrienols represent a sub¬ 
class of vitamin E and have similar 
isomers (alpha, beta, gamma and delta) 
as in tocopherols, the other subclass of 
vitamin E (ref. 6). Tocotrienol fractions 


from palm oil have been found to inhibit 
biosynthesis of cholesterof“^ and toco¬ 
trienols decrease hepatic cholesterol pro¬ 
duction and reduce plasma cholesterol 
levels in animals Similarly, administra¬ 
tion of tocotrienols to humans reduced 
semm cholesterol^^ When genetically 
hypercholesterolemic pigs were fed a 
standard diet supplemented with 50 |ig/g 
tocotrienol rich fraction isolated from 
palm oil, there was a 44% decrease in 
total serum cholesterol, 60% decrease in 
low-density-lipoprotein (LDL)-cholesterol^. 
Tocotrienols differ from other known in¬ 
hibitors of cholesterol biosynthesis in that 
their mechanism of hypolipidemic action 
involves post-transcriptional suppression 
of HMG-CoA reductase^. Although alpha 
and gamma tocotrienol isomers inhibit 
cholesterol biosynthesis, gamma-toco- 
trienols exert a 30-fold greater inhibitory 
activity^. Importantly, of the total toco¬ 
trienols present in coconut oils about 53% 
is of the gamma type^. 

Tocotrienols -not only inhibit biosyn¬ 
thesis of cholesterol but also prevent lipid 
peroxidation by virtue of their anti-oxidant 
properties. For instance, alpha-tocotrienol 
has 40-60 times greater anti-oxidant acti¬ 
vity than alpha-tocopherol, though its 
vitamin E activity is only 30% of the 
latter^^. Being an anti-oxidant, it scaven¬ 
ges the free radicals produced in our 
body by various mechanisms\ There is 
some evidence that free radical damage 
contributes to and may actually cause 
some of the problems associated with 
many chronic health disorders including 


inflammation, cancer, atherosclerosis, 
heart attacks, stroke, emphysema and 
ageing^’Free radicals initiate chain 
reactions especially in membranes which 
have a large proportion of unsaturated 
fatty acids. Despite the presence of anti¬ 
oxidant enzymes namely superoxide 
dismutase, catalase and glutathione per¬ 
oxidase in the cells, deficiency of vitamin 
E (tocopherols and tocotrienols) leads to 
inadequate protection against hydroxy 
radical-induced damaged Therefore, it is 
recommended that as the consumption of 
polyunsaturated fatty acids (PUFA) 
increases, the intake of vitamin E should 
be increased^’In many oils, with the 
exception of fish oils, the proportion of 
vitamin E increases with increase in un¬ 
saturated fatty acid content ^ 

The people of Kerala consume a large 
quantity of fish which are rich in polyun¬ 
saturated fatty acids but contain low 
vitamin E. The requirement of vitamin E 
as an anti-oxidant has therefore to be 
met from other sources including the 
tocotrienols present in coconut kernel and 
coconut oil which are consumed along 
with fish. Traditionally, women in Kerala 
applied coconut milk and oil derived from 
coconut milk (Urukkuvelichanna) to their 
skin. The same was applied for some 
types of physical injury as it was believed 
to facilitate healing. Further, in Ayurveda, 
one of the remedies for the loose facial 
skin, due to ageing, is to astringe grated 
coconut on the facial skin^"^. 

Given the hypocholesterolemic (and 
anti-oxidant) action of tocotrienols and 
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their comparatively higher concentration 
in coconut, do we have to look too far 
for an explanation for the low levels of 
cholesterol in the Polynesians and Sri 
Lankans? Does it not appear yet again 
that traditional wisdom and age-old prac¬ 
tices have the fullest sanction of modem 
science? 


1. Parrel, P. M., in Modem Nutrition in Health 
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Value addition: A threat to Calophyllum species 


At the ‘Round Table Conference Assess¬ 
ment, Conservation and the Sustainable 
Use of Genetic Resources: Achieving 
National Objectives through Regional 
Collaboration’, in Indonesia, from 11 to 
13 October 1994, several scientists, 
government agents and traditional 
medicine-men met and discussed a num¬ 
ber of issues relating to biodiversity 
prospecting. One of the important topics 
discussed at length was the screening of 
medicinal plants for pharmaceutical pur¬ 
poses, thereby ‘adding value’ to such 
species. Prof. Vichai Reutrakul from the 
Mahidol University, Thailand, a 
biochemist presently involved in screening 
medicinal plants for dealing with AIDS, 
reported that three species of Calophyllum 
have already shown promise in this regard. 
An active principle called calonoli has 
proved very effective against vimses 
under experimental conditions. Interest¬ 
ingly, one of the species screened and 
found promising is C. inophyllum, the 
Indian laurel. 

Calophyllum is one of the many genera 
of trees in the family Clusiacea. The 
genus is widely distributed in tropical 
Asia and Africa. C. inophyllum, which 
is a fairly common tree in south India, 
especially in the coastal areas, is also 
found in some African islands and 
Southeast Asia. This species has been 


traditionally used by the local people in 
India as timber for boat-making and the 


oil extracted from the seeds as lamp oil. 
The oil is also used as a cure against 


Figure 1. Calophyllum inophyllum: typical leaf and fruit morphology. 
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rheumatism and a number of skin diseases. 
The bark of this tree finds use as an 
astringent in internal haemorrhage. 

Besides the Indian laurel, there are 3 
species of Calophyllum in south India, 
viz. apetallum, polyanthum and austroin- 
dicum. The first and the third species are 
restricted to southwestern India and Sri 
Lanka. C. polyanthum is widespread in 
the Western Ghats, Sri Lanka and 
Southeast Asia. This species of mag¬ 
nificent tree (grows to over 30 m in 
height) was much exploited by the British 
for making ship masts and railway 
sleepers till about independence. This 
species continues to be one much sought- 
after by timber industries and as a result 
very few large trees are found in south 


India. During a study of vegetation in 
the Uttara Kannada district (where the 
species is most common in south India), 
the estimated population of C. polyanthum 
was 200 plants per hectare. However, 
about 50% of these were juveniles, less 
than 2 m in height. Mature trees over 
25 m in height were scarce. 

All south Indian species of Calophyllum 
have been quite a bit exploited as timber 
and hence are slowly declining. Young 
trees are sought-after by the local people 
as a material for poles and fencing, there¬ 
by further reducing the chances of con¬ 
tinued survival of the species. Although 
the average time taken for an active 
principle of plant origin to hit the market 
as a commercially available dmg is 12 


years, being much shorter than the genera¬ 
tion time of most trees, this will soon 
lead to an unsustainable harvest of mature 
trees once any species is found useful. 
Value addition to species of Calophyllum 
by way of finding use in the anti-AIDS 
industry can prove to be a threat to the 
continued existence of the genus unless 
immediate protective measures are taken. 

R. J. Ranjit Daniels 
V iSHWANATH PATIL 


M. S. Swaminathan Research Foundation 
3rd Cross Street 
Taramani Institutional Area 
Madras 600 113, India 


Comments on ‘Fullerenes: C 60 from camphor - A novel approach’ 


(Curr. Set, 1994, 67, 602) 

Recently, Mukhopadhyay et al}'^ have 
reported that fiillerenes, in particular, Cgg, 
are found in the soot formed on burning 
camphor in air. As evidence, they present 
powder X-ray diffraction data (XRD), fast 
atom bombardment mass spectra (FABMS) 
and scanning electron micrographs of what 
they believe to be samples of fullerenes. 

The extreme reluctance of the fullerenes 
to form in sooting flames is well docu¬ 
mented. As such, the results of Muk¬ 
hopadhyay et al}'^ come as a surprise. 
Taken at face value, references 1 and 2 
are an interesting addition to what we 
know about the mechanisms for the 
formation of fullerenes. The claim that 
this technique could replace the standard 
arc evaporation procedure is tenuous, 
since the reported fiillerene yields are 
low. 

The main problem is that the experi¬ 
mental data presented in references 1 and 
2 are fraught with several inconsistencies. 
The FABMS data presented in Figure 1 
of reference 2 is unconvincing. The 
isotope ratios are not as expected and 
the parent C^q peaks, which are normally 


Mukhopadhyay et al’s reply: 

To Ram Seshadri’s first statement, ‘the 
extreme reluctance of the fullerenes to 
form in sooting flames is well documented’, 
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found in the mass spectra of soot, are 
not seen. 

The SEM pictures (see Figure 2 of 
reference 2) are unambiguously misinter¬ 
preted. Figure 2 d shows a spherical object 
about 10 jim across (as seen from the 
scale bar in the photograph). This object 
is identified as a single molecule. 
The diameter of the C^q molecule is about 
7 A, and the van der Waals diameter 
(measured by STM, for example) is 10 
A. It is indeed strange that a sphere 10"^ 
times larger than has been identified 
with the molecule. 

It is difficult to conceive these spheres 
as being comprised of many mole¬ 
cules, since packings of spherical objects 
invariably result in cubic or related mor¬ 
phologies. Likewise, the ‘tubules’ shown 
in reference 2, Figure 3, are entirely 
unlike the SEM pictures of any reported 
tubule, carbon or otherwise. The authors 
claim to see some sort of layering (not 
obvious to the reader) in these materials, 
which they ascribe to graphitic sheets. 
The scale bar again contradicts any such 
suggestion. In any case, graphitic sheets 


we would rather say that, ‘it is very 
much known that fullerenes are present 
in sooting flames’*"®. The recent report 


are usually separated by about 3.5 A 
-beyond the resolution of any extant 
SEM. The XRD pattern in reference 1 
does not resemble the pattern expected 
for Cg(y It is difficult to understand how 
the authors concluded, based on the 
evidence presented, that their sample was 
^ 60 - 

To conclude, on the face of things it 
is difficult to accept that Mukhopadhyay 
et have made from sooting 

camphor. Their interpretation of the ex¬ 
perimental data is largely incorrect and 
their papers suffer from the grossest in¬ 
accuracies. 


1. Mukhopadhyay, K., Murali Krishna, K. and 
Sharon, M., Phys. Rev. Lett., 1994, 72, 
3182. 

2. Mukhopadhyay, K., Murali Krishna, K. and 
Sharon, M., Curr. Sci., 1994, 67, 602. 


Ram Seshadri 

Solid State and Structural Chemistry Unit 
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by Heymann et aO also confirms the 
presence of fullerenes at detectable levels 
in naturally occurring fires and even the 
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soot from a common decorative candle 
contained fullerenes at a concentration of 
1-10 ppm. 

Pyrolysis experiments of Taylor et al? 
already showed a non-arcing route for 
the production of fullerenes from naph¬ 
thalene. Our results^®’are encouraging 
enough to say that vacuum deposition 
method could replace the chromatographic 
technique and we did not see any exag¬ 
geration in our opinion. Systematic experi¬ 
ments on quantitative and qualitative 
studies are in progress in the light of the 
yield, purity and production cost. 

We have reported the FAB mass 
spectrum as recorded^®’Showing all 
the peaks is a typical characteristic proper¬ 
ty of the FAB mass spectrum. We are 
interested in confirming the presence of 
CgQ in the deposited film, and the peak 
at 720 amu along with other supporting 
techniques clearly confirms the presence 
of CgQ. The peak at 841 amu shows the 
presence of traces of C^q, which we have 
already mentioned in our paper saying 
that ‘C«, and other members of fullerene 
family ...’. The shift in mass could be 
due to presence of impurities in solvent 
or isotopic carbon. 

About our SEM photographs, there is 
nothing wrong with them. Seshadri has 
completely misinterpreted our SEM pic¬ 
tures. We have already reported that those 
spherical shapes are due to ^60 aggregates. 
We have not used the word ‘C^q molecule’ 
in our discussion in any of our 
papersas commented by Seshadri. 
It is known that ^60 does form spherical 
clusters in the condensed phase^’ 

They also reported that these large clusters 
(10-100 jim) are not single crystals but ran¬ 
domly packed by very small granules 
It is also known that exists in various 


shapes like stars, rods, etc.^^’ and if we 
consider the structure of C^q as fee or 
hep, it is obvious that we caimot form 
these shapes by using the stars, rods, etc. 
Hence spherical-shaped clusters does not 
mean that one can build a unit cell which 
resembles cubic shape, because, once 
again, they are not single C^q molecules. 

The tubules are not produced by the 
usual graphitic source. Hence, they cannot 
resemble graphitic tubules. We have said 
layered structure, which does not mean 
that they are graphitic networks and their 
separation should be 3.5 A, as mentioned 
by Seshadri. We have proposed a different 
formation mechanism of these tubules 
and have recently communicated for pub¬ 
lication 

His comment on our XRD result is 
vague 2 (hd we have nothing to say in 
this respect as we have already discussed 
in detail in our earlier communication 
where we have compared our pattern with 
all other reported X-ray patterns and that 
itself speaks about its originality. 

All in all, we conclude that the com¬ 
ments made by Seshadri are baseless and 
are not merited; rather, they are too biased. 
Also, his comments reflect the lack of 
clarity in this field and poor overview 
on current literature. 
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Comments on ‘Ubiquitous phase grating’ {Curr. Sci, 1994, 67, 978) 


We received a letter from S. Chandrasek¬ 
har (Director, Centre for Liquid Crystal 
Research) pointing out that an earlier 
work on this subject has not been cited 
in the Research News ‘The ubiquitous 
phase grating’ by K. A. Suresh {Curr. 
Sci., 1994, 67, 978). Chandrasekhar’s let¬ 
ter also contains some interesting histori¬ 
cal information as to how the phase 


grating concept was first introduced into 
the field of liquid crystal research. This 
is reproduced below: 

‘In 1967-1968, K. N. Srinivasa Rao 
and I developed a ‘dynamical theory’ 
of light propagation along the optic 
axis of a cholesteric liquid crystal 
(S. C. and K. N. S., Acta Crystallogr., 


1968, A24, 445). I then considered the 
case of oblique incidence but it did 
not take long for me to discover that 
an analytical solution was well beyond 
our mathematical capabilities. Next I 
examined the case of propagation nor¬ 
mal to the optic axis and realized at 
once that this geometry gives rise to 
the famous corrugated wavefront of 
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Raman and Nath for polarized light. I 
hesitated to publish this at first, since 
there was no immediate prospect of 
checking it out experimentally, but soon 
afterwards I came across a paper by 
Sackmann et al. of Bell Labs (7. Am, 
Chem. Soc., 1968,90, 3567), who found 
a cholesteric material with negative 
molecular diamagnetic anisotropy 
which enabled them to observe for the 
first time the appearance of polarized 
Debye-Sears diffraction patterns. Being 
a purely experimental paper, they did 
not consider it necessary to refer to 
the Raman-Nath theory. At that time 
there was a lingering doubt in the 
minds of some, including myself, about 
the structure of the cholesteric, for a 
chemist had expressed the view some 
time. earlier that structurally the 


cholesteric and smectic are similar (a 
view that he withdrew subsequently). 
It therefore seemed worthwhile to write 
a note on the theory of the observations 
of Sackmann et al. firstly to confirm 
in a direct way that although the 
cholesteric does have a lameller type 
of stmcture, it is actually different from 
that of the smectic, and secondly to 
bring out the fact that the RN theory 
can be used to evaluate the intensities 
of the polarized diffraction maxima 
(S.C. and J. Shashidhar Prasad in 
Bhagavantam’s 60th birthday volume, 
Academic Press, 1969). It was an elemen¬ 
tary first-order treatment, but it was 
certainly the first paper to point out that 
RN concept of a phase grating can be 
applied to a chiral liquid crystal system. 
The model has since been extended and 
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Synthetic malaria vaccine, SPf66 


V. S. Chauhan 

Malaria is perhaps the most important 
infectious disease of mankind which is 
responsible for around 100 million clinical 
cases and more than a million deaths 
among children in sub-Saharan Africa. 
With the emergence of insecticide resis¬ 
tance of the vector and now wide-spread 
resistance of the parasite, the malaria 
situation is already out of control. In this 
context, the development of an effective 
vaccine against the most important malaria 
parasite, Plasmodium falciparum, would 
be a major breakthrough in combating 
this killer disease. Efforts in this direction 
have been hindered mainly because of a 
lack of proper understanding of the 
acquired malaria immunity in humans and 
a very complex life cycle of the parasite. 

Malaria infection begins when an in¬ 
fected mosquito inoculates sporozoites 
into the circulation during a blood meal. 
Sporozoites invade hepatocytes specifical¬ 
ly and develop as exo-erythrocytic forms. 
After the hepatic stage, merozoites burst 
from the hepatocytes and invade red blood 


cells to begin the blood stage in the life 
cycle. During this stage, the parasite 
divides asexually within erythrocytes. 
This is the stage which is responsible for 
morbidity and mortality of malaria. Final¬ 
ly, gametocytes (sexual forms) develop 
within the red blood cells and are taken 
up by the mosquito during a blood meal 
to begin the life cycle in mosquito’s 
midgut. Each stage in the parasite life 
cycle is highly complex, and is charac¬ 
terized by the expression of several dif¬ 
ferent proteins specific to these stages. 
The parasite, being intracellular most 
times, is mostly protected from usual 
effector immune mechanism. In addition, 
the parasite has developed several highly 
complicated mechanisms to evade the im¬ 
mune responses of the host. 

Malaria research underwent a dramatic 
change during the past two decades. Most 
significant reasons for this were the 
availability of culture forms of human 
malaria parasite\ P. falciparum for the 
analysis of the parasite structure and func¬ 


generalized very nicely to include 
Smc* {Liquid Crystals, 1992, 11, 73)’. 

We publish here a note by K. A. Suresh. 

‘As it was a Research News item, I 
presented the news of some current 
experimental and theoretical work on 
phase gratings in liquid crystals. It was 
not intended to be a detailed review, 
and consequently the pioneering 
paper of S. Chandrasekhar and J, 
Shashidhara Prasad {Physics of Solid 
State, edited by S. Balakrishna, M. 
Krishnamurthi and B. Ramachandra 
Rao, Academic Press, 1969, p. 77) was 
not directly cited (it was however cited 
in ref. 7 of the news item). I take this 
opportunity to clarify the situation’. 

Editors 


tion, and the use of molecular biology 
tools in identifying from the pre- 
erythrocytic, asexual and sexual stages 
have been identified as potential vaccine 
candidates for providing protection against 
infection, clinical disease and/or transmis¬ 
sion of malaria^'^^. 

Acquired immunity to malaria in human 
takes several years to develop and is 
usually short lived. Many asexual malarial 
antigens are polymorphic yvith multiple 
alternative forms, often characterized by 
different sequences of tandem amino acid 
repeats^. Despite the fact that some con¬ 
served sequences from these antigens have 
been identified, antigenic polymorphism 
and the tremendous genetic plasticity of 
the asexual malaria parasite remains a 
major concern for malaria vaccine 
development^^’ 

It is possible that many new antigens 
will be discovered and may eventually 
be incorporated into asexual malaria vac¬ 
cines, but sufficient evidence has accumu¬ 
lated to warrant vaccine testing in human 
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volunteers of several well-defined asexual 
malarial protein antigens. Keeping in mind 
the ability of malaria parasites to alter 
the structures of potential vaccine target 
antigens, it is likely that multicomponent 
vaccines will be developed in order to 
minimize the possibility of parasite 
evasion of vaccine-elicited immune 
responses. 

Attempts to immunise humans against 
sporozoites date back to 1936, but by 
seventies it was clearly established that 
immunization with irradiated sporozoites 
could provide complete protection against 
malaria infection. Since then the 
pre-erythrocytic stage has been the focus 
of intense research for malaria vaccine 
development. Most early studies were 
concentrated on the circumsporozoite 
protein (CS protein) which was shown to 
be a target for neutralizing antibodies^’ 
However, human trials using recombinant 
antigens or chemically synthesized pep¬ 
tides developed to be antisporozoite vac¬ 
cine have shown no evidence of protection 
against malaria. In comparison, a much 
larger number of blood ?tage antigens 
have been identified and although several 
of these are considered to be promising 
vaccine candidates, relatively few human 
trials have been reported. 

The outlook for a blood stage 
vaccine 

There are reasons to believe that in the 
next decade or two, effective, at least 
partially, asexual malaria vaccines will 
be developed. A synthetic peptide vaccine, 
SPf66, which contains peptide sequences 
from three malaria proteins, has shown 
promising results in initial human trials. 
Secondly, recombinant proteins repre¬ 
senting fragments of asexual antigens have 
shown significant protection against blood 
stage infection. Further, so far only a 
few antigens have been actually tested. 
It is very likely that valuable vaccine 
antigens will be discovered and will con¬ 
tribute in modifying the existing vaccines 
at that time. Lastly, it must be stressed 
that vaccination results obtained in one 
host species may not be extendable to 
another species. In fact, monkey trial 
results in case of SPf66 were quite 
different from trials in human volun¬ 
teers. There is a need for increased 
emphasis on vaccine studies in human 
volunteers. 


Synthetic malaria vaccine: Ration¬ 
ale and possibilities 

The hope for a peptide-based vaccine 
against malaria, and indeed other diseases, 
is largely based on the following obser¬ 
vations: 

1. It is possible to obtain antigen-neutrali¬ 
zing antibodies using a small, but suitable, 
portion of the antigen, i.e. a synthetic 
peptide fragment. 

2. T-cell determinants (both Th and CTL) 
can be identified in an antigen and specific 
T-cell activation and proliferation can be 
induced using short synthetic peptides. 

3. Covalent linking of the B and T-cell 
determinants can enhance the immuno- 
genicity to provide B-epitope specific anti¬ 
bodies. The use of carrier proteins to 
enhance immunogenicity of short peptides 
may, therefore, be avoided. 

4. Synthetic peptides allow to focus im¬ 
mune response to regions which in the 
native antigen may not be immuno¬ 
dominant. It has been found, particularly 
in malaria antigens, that more effective 
immune responses were obtained with 
synthetic peptides representing the desired 
epitopes than when the whole recombinant 
antigens were used. 

5. Easy availability, high purity and 
stability of synthetic peptide make them 
attractive targets for vaccine development. 

However, several problems exist in using 
synthetic peptides as immunogens, such 
as the question of genetic restriction of 
the immune response, presentation of the 
synthetic immunogen, possible generation 
of new dominant but nonsense epitopes, 
epitope dominance, etc. Some of these 
questions are under active investigation 
in different laboratories including this 
author’s. The overall view of current vac¬ 
cine development research is that the 
synthetic peptides do offer an attractive 
alternative to recombinant or native an¬ 
tigens. In fact, in some cases synthetic 
peptides have proved to be more effective. 

Malaria peptide vaccine. SPf66 (the 
Colombian vaccine)^^”^ 

Design and field trials of SPf66 

Sera from apparently immune individuals 
were used for immunoblotting of P. fal¬ 
ciparum schizonts and merozoite lysates; 
the molecules identified in a range of 


20-200 kDa were isolated and tested as 
immunogens in lotuc monkeys. None 
provided consistently high degree of 
protection but four, including MSA-1 (195 
kDa) and RESA (155 kDa) were chosen 
as the possible vaccine target antigens. 
The other two antigens still remain 
uncharacterized and unlocated on the 
parasite. Several dozens of peptides were 
synthesized and checked for their protec¬ 
tive potential^^. None provided complete 
protection, and only delayed parasitaemia 
was observed in some cases. A combina¬ 
tion of three peptides linked to BSA, 
worked somewhat better^^. These peptide 
sequences were then joined together along 
with two NANP sequences and a cysteine 
residue each was placed at the amino 
and carboxyl terminals. Aerial oxidation 
of this 44 residue peptide provided the 
polymeric vaccine candidate, Spf 66. With 
this polymer several immunization/protec¬ 
tion experiments were carried out in 
monkeys; none provided complete protec¬ 
tion even when a strong adjuvant (FCA, 
IFA) was 

Immunizations in humans were done 
with Al(OH )3 as the adjuvant^^’The 
IgG response was variable allowing a 
division into high, medium and low 
responders, which was ascribed to genetic 
control of the immune response to Spf66 
(ref. 23, 32). Several thousands of in¬ 
dividuals in Latin American countries 
have been vaccinated and protection levels 
of 30-50% were reportedA surpris¬ 
ing but consistent feature of these trials 
in animals and in humans was that there 
was no correlation between the antibody 
titres against SPf66 and the incidence of 
malaria episodes. However, it has been 
concluded that the chemically synthesized 
SPf66 vaccine is safe, immunogenic and 
partially protective against P. falciparum 
in a semi-immune population living in a 
malaria-endemic area. 

The most important outcome of these 
studies in the field of vaccine development 
research has been that it is shown for 
the first time that a peptide-based con- 
stmct containing antigenic determinants 
from different proteins, synthesized 
chemically, can be used in humans. Fur¬ 
ther, this represented the first successful 
synthetic vaccine against malaria and in¬ 
deed the first one against a parasite disease 
in humans, and clearly indicated the 
potential of chemically synthesized pep¬ 
tide vaccines, in general. 

At the same time, other research groups. 
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one from Colombia^ itself and another 
from found SPf66 to be a poor 

immunogen which provided no protection 
against P. falciparum infection. This, and 
the manner in which the early human 
trials were conducted led to a. lot of 
controversy. In June 1990, the WHO 
committee concluded that while the vac¬ 
cine was safe and immunogenic, the 
evidence for its efficacy was not con¬ 
clusive. 

In January 1992, the Swiss Tropical 
Institute, the Ifakara Centre, Tanzania, 
The London School of Hygiene and Tropi¬ 
cal Medicine and the Spanish Science 
Council jointly developed a protocol to 
carry out trials of SPf66 in the Kilombero 
District of Tanzania, an area under malaria 
investigation and transmission studies 
since 1960. This phase III efficacy trial 
became focus of attention for malaria 
vaccine development and also of the 
media, given the desperate situation due 
to the increasing drug resistance of P. 
falciparum, and the controversy that had 
come to surround SPf66 about its 
immunological efficacy. Of equal impor¬ 
tance was the fact that this was to be 
the first human trial outside the Latin 
America, and which was to be conducted 
in much more severe malaria transmission 
conditions so often seen in Africa. 

Recently, a Spanish group^^ has fully 
characterized SPf66 (batch 9, used in 
Tanzanian trials), for the first time, and 
found it to be highly water soluble and 
its molecular weight ranging from 10 to 
25 kDa. They also found it to be pure, 
free of metallic contaminants, atoxic and 
stable at 4'’C. It was reported some time 
back, again through popular media (the 
BBC taking the lead here) that the syn¬ 
thetic vaccine was safe and produced an 
antibody response in children aged be¬ 
tween 1 and 5 years. 

The secrecy code to determine the level 
of protection provided by SPf66 immuni¬ 
zation in Tanzania was to be opened in 
October 1994. It was reported (BBC 
again!) that the vaccine has provided a 
protection cover of up to 30% among 
the vaccinated children. These results have 
been published recently^^. Five hundred 
and eighty six children aged 1-5 years 
formed the study group. No severe side 
effects were observed among those who 
received three doses of the vaccine. The 
vaccine was highly immunogenic with 
detectable anti-SPf66 antibodies in aU the 
recipients. The vaccine efficacy estimate 


was 31%, lower than the 50% level that 
the child was designed to detect. However, 
whether anti-SPf66 antibodies have any 
relationship with clinical protection is not 
yet determined; the mechanism of protec¬ 
tion remains unclear, and needs to be 
established for any further improvements 
in the design of the vaccine. In summary, 
SPf66 appears to be effective in both 
Africa and Latin America and even though 
the exact mechanisms involved in protec¬ 
tion are not clear it is suggested that 
SPf66 may mimic naturally acquired 
strain-transcending immunity. Whether 
SPf66 \/ill be used as a vaccine for 
malaria will be a matter of debate, even 
though its reported efficacy is much lower 
than most other vaccines currently in use 
in humans. 

The partial success of SPf66 as a syn¬ 
thetic vaccine, even though limited in 
terms of the level of protection it provides, 
is remarkable in that it is shown for the 
first time that a chemically synthesized 
molecule based on antigenic determinants 
can be safe and immunogenic in humans. 
This is a landmark achievement in the 
field of synthetic vaccine development in 
general, and particularly in malaria vac¬ 
cine against the blood stage parasite. It 
is quite obvious that this strategy of 
vaccine development will soon be at¬ 
tempted in other infectious diseases. This 
may lead to the development of a new 
generation of synthetic molecules capable 
of producing specific immune responses 
in addition to being cheaper, easy to 
obtain and more stable than the existing 
vaccines. It is further significant that this 
work has come out of a third world 
country where malaria is a major health 
problem. Given the modern tools of 
molecular biology, synthetic chemistry 
and access to knowledge of the field 
situations (disease-endemic areas), it 
would be most rewarding and at the same 
time a tremendous intellectual challenge 
to work towards understanding and con¬ 
trolling pathogens which cause these life- 
threatening diseases in humans. 
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Cell-type and stage-specific gene knockouts in mice: An achievement of 
a long-sought goal 


Vani Brahmachari 

The importance of gene action in regulat¬ 
ing the biology of higher eukaryotes is 
hardly a matter of dispute. But until 
recently we have been unable to say 
whether a given gene was essential for 
the functioning of a particular develop¬ 
mental pathway or not. The reason was 
that there was no way to ensure that a 
gene was inactivated in just one cell type, 
and not in others. This situation has now 
changed. 

Technical advances in handling and 
manipulating mouse embryos have made 
a great difference to the study of mam¬ 
malian biology. It was the ability to create 
uniparental embryos by nuclear transplan¬ 
tation that pinpointed the essential features 
behind the phenomenon of genomic 
imprinting^’Studies with transgenic 
mice led to an improved understanding 


of the various aspects of tissue-specific 
gene expression and gene imprinting. 
Adding yet another dimension to the prob¬ 
lem of tissue-specific gene expression is 
the control of developmental time sequen¬ 
ces in higher eukaryotes. Developmental 
biologists long cherished the hope that 
they would one day be able to ‘knock 
out’ endogenous genes at will and so 
leam more about when a gene is essential 
(in addition to where it is essential). 

That hope was realized by two groups, 
those of Capecchi in USA and Gruss in 
Germany, when they succeeded in using 
homologous recombination to create 
knockouts^’Capecchi and co-workers 
used embryonic stem cells (ES cells) and 
a phenotypic selection method to screen 
for homologous recombination involving 
the gene of interest, whereas Zimmer and 


Gmss designed a PCR approach to fish 
out ES cells that had undergone 
homologous recombination (Figure 1). In 
both these approaches the selected ES 
cells were used to create chimaeric mice. 
Subsequently, a transgenic line was esta¬ 
blished by selection of second-generation 
mice that carried the transgene. The next 
challenge was of achieving selected gene 
knockouts in a specific tissue type at a 
specific stage in development. 

What looked improbable until the other 
day has now been achieved by Gu et 
al.^. A bacteriophage system provided the 
key. Phage P^, a bacteriophage of E. coli, 
has a recombinase of the integrase family 
which helps in circularizing phage DNA 
during both the lytic and the lysogenic 
cycles. The system, called Cre-lox, com¬ 
prises a 34 kDa protein (Cre, Cyciization 
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Figure 1. Strategy for o-eating knockout mice by homologous recombination. P is a promoter sequence, Exl and Ex2 are two exons of the 
gene to be disrupted, neo^ is the bacterial neomycin gene. HSVtk is the thymidine kinase gene from herpes simplex virus. After transformation, 
embryonic stem cells are selected for homologous recombinants on a medium containing G418 and gancyclovir; only type-A transformants 
survive. Selection can also be carried out by PCR with appropriate oligonucleotides. 
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recombination protein) that is necessary 
and sufficient to bring about recombina¬ 
tion in regions flanked by a 34-base-pair 
sequence loxPl {locus of crossing-over 
(X) in PI) that contains a 13-base-pair 
inverted repeat sandwiching an 8-base- 
pair sequence (Figure 2). When the lox 
PI sequences are in the same orientation, 
Cre recombinase causes the excision of 
the DNA present between them. It was 
previously shown that the Cre-lox system 
can work in mammalian cells in culture 
and also in transgenic animals^. Orban 
et al} could demonstrate tissue-specific 
deletion of a stop sequence from the 


bacterial P-galactosidase gene in T-cells. 
This led to the expression of p-gala- 
ctosidase in transgenic mice that made 
Cre recombinase under the control of the 
Ick promoter (a promoter specifically 
expressed in T-lymphocytes). They could 
show that the excision of the stop seque¬ 
nce within the P-galactosidase gene, and 
therefore the expression of p-galac¬ 
tosidase, occurred only in T-cells and 
occurred at a stage coinciding with T-cell 
emigration to peripheral compartments. 
Thus they had achieved both tissue- 
specific as well as stage-specific excision. 

Marth and Orban, together with Gu, 


Mossmann and Rajewsky^ have combined 
the strategy for tissue-specific and 
developmental-stage-specific excision 
with the knockout scheme of Mansour et 
al? The question that Gu et al^ have 
tried to address concerns the possible role 
of DNA polymerase P (pol P) in T-cell 
development. Polymerase P is known to 
be involved in the DNA repair needed 
for somatic gene rearrangements and 
hypermutation at antigen receptor gene 
loci. The strategy they used is shown in 
Figure 3. It involves three steps. The first 
was to create a transgenic line expressing 
Cre recombinase under the Ick promoter. 
A second transgenic line contained a pol 
P promoter and at least one exon flanked 
by lox PI sequences (a ‘floxed’ pol P 
gene). A third transgenic mouse had the 
DNA polymerase p • gene knocked out. 
All the transgenic mice were created by 
making use of ES cells that were appro¬ 
priately transformed. The transgenic mice 
with a floxed pol p gene contained one 
wild-type pol p gene. Even otherwise, the 
floxed DNA polymerase P could express 
itself in spite of having lox PI sequences 
flanking the first exon. In order to create 
a homozygous tissue-specific knockout 
for the gene, a double transgenic con¬ 
taining two floxed pol p genes (homo¬ 
zygous pol P floxed) and Cre recombinase 
under an Ick promoter could have been 
used. Instead, the authors obtained a trans¬ 
genic mouse which contained Cre recom¬ 
binase cloned u^der Ick promoter, one 
homologue of pol p gene partially deleted 
and the other pol P homologue floxed. 
(Cre"^ pol pVpol P floxed). In this' mouse, 
after the expression of Cre recombinase, 
only the T-cells are homozygous for a 
pol P deletion. During embryogenesis and 
in the adult, all tissues except the 
T-lymphocytes will have one functional 
copy of DNA polymerase P (that copy 
is the floxed pol P). 

The targeting constmct used to bring 
about homologous recombination in ES 
cells has the HSVtk gene within the 
region of homology unlike the construct 
used by Mansour et al? The targeting 
constructs made by Capecchi and 
coworkers had a neomycin-resistant 
(neo^) gene within the regions of homol¬ 
ogy of the endogenous gene that is tar¬ 
geted for knockout and the HSVtk gene 
was distal to this region. Thus, the HSVtk 
gene is eliminated whenever a homo¬ 
logous recombination occurs, whereas it 
is retained if there is a random integrand 



0 


DNA sequence between lox Pi sequences is excised. 
Figure 2. Cre-lox system of phage PI. 



pol/3‘^ 

-Cre all tissues except T-cells 

pol/i^ 

pol /i 4- 

Cre only in T-cells 

poiP"^ 

Figure 3. Outline of the strategy used to create conditional knockout. Tg is transgenic mouse, 
WT is wild type. Floxed means flanked by lox PI sequences, pol p^ is partial deletion of the 
pol P gene, P is a promoter sequence. is the T-cell-specific Ick promoter. 
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Tg 1 Tg 2 



Figure 4. Strategy to bring about conditional activation. Tg is transgenic mouse, and P, 
are promoter sequences. 


(Figure 1). Random integration can be 
selected against by growing transformants 
in the presence of gancyclovir, a dmg 
which eliminates cells expressing the 
HSVtk gene. A phenotypic selection for 
homologous recombinants among the ES 
cells is not possible in the experiments 
of Gu et ai^ because the HSVtk gene 
is within the region of homology. 

In this strategy the selection for various 
transformants used for creating chimaeras 
is based on Southern analysis, meaning 
that it is rather labour-intensive. Future 
approaches will probably simplify the 
selection procedures. It appears possible 
to retain the positive-negative selection 
for homologous recombination based on 
selection for G418 resistance (neo^ gene) 
and sensitivity to gancyclovir by cloning 
the HSVtk gene distal to the region of 
homology. 

The effect of a conditional knockout 
of DNA polymerase p in T-lymphocytes 
was assessed by various criteria. The 
mice appeared normal in development 
and were fertile. Analysis of T-lineage 
cells in thymus in terms of total number 
and the expression of surface markers 
like CD4 and CDS indicated a similar 
pattern in mutants and the wild-type mice. 
The data do not provide any evidence of 
impairment of T-lymphocyte differentia¬ 
tion due to the knockout of DNA 
polymerase p. 

What are the likely offshoots of this? 
The technique of creating tissue-specific 
and developmental-stage-specific knock¬ 
outs, or of conditional gene inactivation, 
is a powerful tool that can be exploited 
for different ends. While conditional in¬ 


activation has been demonstrated in this 
model system, conditional activation can 
also be contemplated (Figure 4). There 
are several other questions that develop¬ 
mental biologists will want to address 
with the new approach. One has to do 
with fate-mapping or tracing cell lineages. 
A strategy for tracing cell lineages would 
be to have a transgenic mouse having a 
reporter gene (e.g., for P-galactosidase) 
under a strong promoter and containing 
a stop sequence flanked by lox PI sequen¬ 
ces. By expressing Cre recombinase from 
a tissue-specific promoter active at the 
desired stage in development, one can 
have a situation wherein P-galactosidase 
is silent in all the tissues except those 
where the Cre recombinase is expressed 
and the stop sequence from the P-galac¬ 
tosidase gene is excised. Once this event 
happens in a progenitor cell, all its 
progeny cells will also express p-galac¬ 
tosidase, How does this approach compare 
with that of expressing a reporter gene 
under a tissue-specific promoter and tra¬ 
cing the expression of the reporter gene? 
Conditional activation approach requires 
that the fidelity of expression of tissue- 
specific promoter be maintained only in 
the progenitor cells for expressing Cre 
recombinase. The latter route would need 
tissue-specific expression patterns to be 
maintained in every progenitor as well 
as in progeny cell. 

Conditional inactivation offers a clear 
advantage if the aim is to create point 
mutations at desired sites^. This could be 
accomplished by introducing a fragment 
of the gene of interest, containing a point 
mutation and a floxed neomycin-resistant 


gene (neo^). After selection of transfor¬ 
mants for neo^, the neomycin gene can 
be excised by expressing Cre recombinase 
transiently. Further steps can be carried 
out to create homozygous transgenic mice. 
In such situations, selection will have to 
distinguish between the transgene and the 
endogenous gene at the level of a single¬ 
nucleotide difference. 

Conditional inactivation is particularly 
attractive for creating models for genetic 
disorders. One can design transgenic mice 
such that gene(s) implicated in a specific 
disorder is(are) knocked out specifically 
in a tissue which is known, or suspected, 
to be affected by the disorder. For in¬ 
stance, one could knock out the protein 
kinase gene implicated in myotonic dys¬ 
trophy in neuromotor tissues. In dominant 
disorders like Huntington’s chorea, an 
effect ought to be seen even in the 
heterozygous state. To sum up, a signi¬ 
ficant amount of information is awaited 
over the next few years from studies 
using conditional inactivation or activation 
strategies in the mouse. 


1. McGrath, J. and Solter, D., Cell, 1984, 37, 
179-183. 

2. Barton, S. C., Surani, M. A. H. and Norris, 
M. L., Nature, 1984, 311, 374-376. 

3. Mansour, S. L., Thomas, K. R. and Capec- 
chi, M. R., Nature, 1988, 336, 348-352. 

4. Zimmer, A. and Gross, P., Nature, 1989, 
338, 150-153. 

5. Gu, H., Marth, J. D., Orban, P. C., 
Mossmann, H. and Rajewsky, K., Science, 
1994, 265, 103-106. 

6. Sauer, B. and Henderson, N., Proc. Natl. 
Acad. Sci. USA, 1988, 85, 5166-5170. 

7. Lakso, M., Sauer, B., Mosinges, Jr. B., 
Lee, E. J., Manning, R. W., Yu, S. W., 
Mulder, K. L. and Westphal, H., Proc. 
Natl. Acad Sci. USA, 1992, 89, 6232-6236. 

8. Orban, P. C., Chui, D. and Marth, J. D., 
Proc. Natl. Acad. Sci. USA, 1992, 89, 6861- 
6865. 

9. Barinaga, M., Science, 1994, 265, 26-28. 

ACKNOWLEDGEMENTS. I thank Prof. V. 

Nanjundiah for critical and constructive com¬ 
ments on this write-up. 


Vani Brahmachari 


Developmental Biology and 
Genetics Laboratory 
Indian Institute of Science 
Bangalore 560012, India 


CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


251 





COMMENTARY 


Non-proliferation and advances in nuclear science 


P. K. Iyengar 

The issue of nuclear non-proliferation has 
been with us for the last four decades. 
Initial attempts at the globalization of 
nuclear technology, through the Baruch 
plan and the Atoms for Peace initiative, 
did not succeed. The Non-Proliferation 
Treaty (NPT) initiative lead to a global 
divide, with five weapons countries ever 
increasing their arsenal, but not sharing 
with the rest of the world peaceful appli¬ 
cations of nuclear energy. Over a period 
of time other countries have developed 
the requisite science and technology, 
demonstrating the universality of science 
and the capability inherent in all societies 
in the world. The emergence of the so- 
called threshold states points to the failure 
of the NPT in its objective of universal 
nuclear disarmament. The collapse of 
communism and the end of the Cold War 
era have triggered the need for a reap¬ 
praisal of the objectives of the NPT, and 
the preconditions necessary for its univer¬ 
sal acceptance. 

While global politics will always play 
an important role in determining the 
framework of such treaties, many of the 
core issues involved are technical in na¬ 
ture, and are not readily understood by 
administrators and power-brokers. So far 
the NPT has concentrated on safeguard 
regimes based on technologies relating to 
the production of uranium and plutonium 
in nuclear reactors, and on their potential 
diversion for use in nuclear weapons. As 
nuclear science advances, however, 
nuclear technology (both peaceful and for 
weapons) will change, and for the NPT 
to remain relevant it must reflect these 
changes. At this juncture, when the NPT 
is coming up for review in a year’s time, 
it is important for physicists to take a 
fresh look at recent advances in nuclear 
science, and inform the policy makers 
and the public at large about their poten¬ 
tial for impacting nuclear technology in 
the future. Here I would like to highlight 
a few such advances, and consider their 
implications for the NPT. 

Technical developments 

It is an oddity that of all the natural 
isotopes only is readily fissionable 


by neutrons, and can thus be used to 
make a chain-reacting explosive. The dis¬ 
covery of plutonium and other man-made 
transuranics extended the list of raw- 
materials that can be fashioned into a 
nuclear explosive. In the early days dif¬ 
ferent methods for separating were 
invented. Newer methods have since 
evolved, such as the use of centrifuges 
and laser-based isotope separation. Even 
the efficiency of older methods has been 
improved, and they have been made less 
expensive by newer technology. Access 
and availability of high technology is the 
only constraint for any nation to produce 
the small quantities of that are re¬ 
quired to make a single explosive. The 
world has witnessed both open and 
clandestine efforts to acquire this tech¬ 
nology and has seen it used successfully. 
This has demonstrated the fears of the 
pioneers that however poor the economic 
or industrial resource of a country, it 
may not lack intellectual resources, and 
in the long run, in spite of disincentives 
that may be placed in its path, any nation 
that wants such a device badly enough 
will get it. Thus, as long as nuclear 
non-proliferation initiatives restrict their 
attention to the spread of nuclear 
materials and know-how from the 'haves' 
to the ‘have-nots', without taking into 
account the needs, fears and capabilities 
of the non-nuclear states, they are doomed 
to failure. 

In addition to the improvement of exist¬ 
ing technology, there are some promising 
avenues of research that could eventually 
lead, or have already led, to alternate 
routes of nuclear technology, and that 
must therefore be taken note of 

Accelerator-based techniques 

The production of plutonium is essentially 
a slow process, because of the need to 
supply one neutron per atom for a nuclear 
transformation. Many competing ideas 
were floated in the early days, along with 
that of the production reactors which 
achieved success in a short time. Of these 
mention must be made of the accelerator- 
based neutron source. Lewis of Canada 
used to argue for producing neutrons ‘by 


the gram’ using accelerators and the spal¬ 
lation reaction. These ideas were given 
up considering the economics and the 
low efficiency of accelerators of that time. 
However accelerator technology has now 
reached a stage where the efficiency from 
busbar to beam power can be as much 
as 50% making such schemes technically 
viable. Indeed, very recently, Carlo Rub- 
bia, the former Director-General of 
CERN, has come up with a suggestion 
for a nuclear-energy producing device 
based on the accelerator, that avoids the 
dangers of a critical system like that 
which caused the accident at Chernobyl*. 
The point is that criticality is a concept 
rather peculiar to fission reactor; nuclear 
physics simply demands that uranium 
atoms be exposed to a neutron flux large 
enough to produce a rate of reaction with 
the right power-density for commercial 
exploitation—and not necessarily a self- 
propagating chain reaction^. Even the 
economics of such a device looks attrac¬ 
tive, and if further research shows the 
scheme to be practicable, it could sub¬ 
stitute for the many advanced reactor 
systems presently being developed world¬ 
wide. Suggestions along the same broad 
lines have also come from a group of 
American researchers at Los Alamos^. It 
is clear that such a device will make it 
easy to produce plutonium or Are 
we going to restrict the spread of ac¬ 
celerator technology just because it has 
a potential for proliferation? What hap¬ 
pens to the many uses of accelerators for 
basic research, synchrotron radiation, 
isotope production for use in the areas 
of medicine and hygiene, etc.? 

Nuclear isomerism 

Another idea of interest was published 
in the monthly journal Energy & Tech¬ 
nology Review, of the Lawrence Liver¬ 
more National Laboratory"*. Nuclear 
physicists are discovering many nuclear 
isomers through heavy-ion collisions. To 
quote the abstract: ‘Nuclear isonaers, 
materials with unusual excited nuclear 
states, can store extremely large amounts 
of energy, and may prove useful as fuels 
and explosives. We are identifying the 
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properties of nuclear isomers and develop¬ 
ing ways of releasing their energy.’ This 
paper discusses methods of triggering the 
decay of nuclear isomers, releasing energy 
instantaneously, as in a nuclear explosive. 
While the methods are neither simple nor 
obvious, there remains the possibility of 
intense energy release from a non-fission, 
non-fusion, transformation in the nucleus. 
Does this not indicate that as we under¬ 
stand nucleii more deeply—^their structure, 
their behaviour, and the transformations 
that they can go through—^we will come 
up with entirely new ways to release 
nuclear energy? This highlights a short¬ 
coming in the entire approach of the 
NPT. 

Other possibilities 

It is again as a result of intense nuclear 
research that a possible island of nuclear 
stability has been identified in the high- 
mass region. Efforts to reach this island 
of stability are on, and will perhaps be 
achieved by very subtle uses of the proper¬ 
ties of nucleii. These stable heavy ele¬ 
ments will have properties like ^^^Pu, but 
with extremely small critical masses. They 
would therefore be prime candidates for 
a compact nuclear explosive. 

An extension of the principle of the 
hydrogen bomb to the so-called radiation 
weapon (or the neutron bomb,) gave a 
new dimension to the area of nuclear 
explosives. Small, field-usable tactical 
weapons which destroy men but not the 
environment seem to have been devised 
and deployed. Though these are still 
secret, it is obvious that considerable 
work has gone on in the design of fis¬ 
sion-trigger free fusion systems, which 
would eliminate the need for fissionable 
material. 

Implications for non-proliferation 

The areas of research indicated above 
are, of course, as yet far from ending in 
demonstrable nuclear technology. How¬ 
ever, they do indicate that as nuclear 
science develops, different technologies 
will develop that have weapons poten¬ 
tial—and this cannot be wished away. It 
would be difficult to anticipate the various 
scientific advances, and even if that were 
possible it would not be feasible to ex¬ 


ercise control over all the technological 
developments—as history has already 
shown. Therefore a non-proliferation 
regime that is based on controlling the 
flow of information and technology from 
the elite few to other nations of the 
world, simply cannot work. Non-prolifera¬ 
tion efforts need to concentrate on 
methods by which sovereign countries, 
and humanity at large, will voluntarily 
accept universal abstinence from acquiring 
and using nuclear weapons by all, irres¬ 
pective of their economic standing and 
perceptions toward preserving their 
military superiority. Just as we have lar¬ 
gely succeeded in a total ban on chemical 
and biological weapons, we should work 
towards a universal renunciation of 
nuclear weapons. In order to achieve this, 
the first step is to accept a non-dis- 
criminatory and universal non-prolifera¬ 
tion regime—there cannot be ‘nuclear’ 
and ‘non-nuclear’ clubs. The recent trend 
amongst the erstwhile Soviet states, 
toward voluntary abstinence, is a begin¬ 
ning in this direction. It needs to be 
followed by concrete proposals from the 
nuclear powers for a phased elimination 
of their nuclear arsenals. Nuclear deter¬ 
rence capability, if thought necessary, 
should be maintained by the United 
Nations, where decision-making is a col¬ 
lective responsibility, and not by indivi¬ 
dual member-states. 

As regards the developing world, we 
should appreciate the need for expansion 
in the capability for generating nuclear 
electricity in these countries, using appro¬ 
priate new technologies. New efforts in 
R & D are required to design and test 
nuclear-power producing devices incor¬ 
porating safer and user-friendly concepts. 
The fear of environmental degradation by 
the use of fossil fuels, and the depletion 
of fossil fuel resources, lends urgency to 
these efforts. A genuine desire on the 
part of the developed countries to help 
in the process of economic growth in the 
developing world, as well as restructuring 
the collapsed system in the former Soviet 
bloc countries, with a non-discriminatory 
offer of high technology and technology- 
transfer for the peaceful uses of nuclear 
energy, can alone assuage the suspicion 
in a large part of the world. Having 
achieved economic gains and prosperity, 
it should then be possible for developing 


countries to take a more philosophical 
stand, that the days of deterrence 
capability and security concerns are past. 

Conclusion 

As nuclear science develops, new 
weapons technologies will emerge that 
cannot be foreseen or restricted. If ram¬ 
pant nuclear proliferation is to be averted, 
suspicions amongst the developing 
countries need to be assuaged, especially 
regarding the bonafides of the nuclear 
powers. Non-proliferation strategies must 
therefore be sensitive to the interests and 
fears of threshold states and non-weapon 
countries. Constructive nuclear technol¬ 
ogy, such as for generating electricity, 
must be globalized. Ultimately, only 
economic progress will give developing 
countries the requisite confidence to ac¬ 
cept military constraints. 

At the dawn of the nuclear era, 
proposals to establish an international 
‘Atomic Development Authority’, to con¬ 
trol all nuclear materials and to take the 
lead in R & D on the peaceful uses of 
atomic energy, were put forward at the 
United Nations—the Baruch Plan. Then 
the proposals sank due to the mutual 
suspicions of the Big Powers. Now, in 
the post-Cold War era, we have another 
opportunity to usher in a tmly global 
world order, by ensuring that similar 
proposals are universally adopted and im¬ 
plemented. This time we must act swiftly 
and seize the opportunity. 
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Buy a chair and restrain the increasing CO 2 menace 


Alok K. Srivastava 

Development of science and technology, 
especially in communication, transit, 
industrial and agricultural sectors, paved 
the way for rapid societal changes in the 
20th century. The synergistic impact of 
these changes, in association with the rise 
in world human population, has led to 
accentuated increase in energy consump¬ 
tion (mainly from burning of fossil fuels) 
from the beginning of the 20th century 
to date. This immense increase in energy 
use is changing the constitution of gaseous 
layer around the earth’s atmosphere, 
which in turn controls global climate. 
CO 2 is one of the radiatively important 
gases present in the atmosphere and plays 
a critical role in maintaining the tempera¬ 
ture on the earth. Current reports say that 
there is a 26% increase in the atmospheric 
CO, concentration during the past 150 
years ^ The increase in CO 2 concentration 
is largely because of (i) the burning of 
fossil fuels and (ii) deforestation and other 
vegetation changes associated with land 
use. The contribution of these two factors 
to total CO 2 increase is estimated to be 
65% and 35%, respectively^ If the present 
rate of emission of greenhouse gases con¬ 
tinues, the atmospheric COj concentration 
will be doubled by the year 2010 and 
tripled by 2100\ This will affect the 
global climate, biodiversity and bring per¬ 
turbations in natural ecosystems. 

Forests play an important role in global 
carbon cycle. Atmospheric CO 2 sequester¬ 
ing through rapid afforestation is well 
documented^. Fast-growing N 2 -fixing tree 
plantations play a significant role among 
a variety of measures taken to ameliorate 
the increasing CO 2 menace. These plan¬ 
tations, resulting in increase of biomass 
production, would act as effective CO 2 


traps, possibly cancelling out the global 
warming effects. Computation reports say 
that ‘by raising about 500 million ha of 
high wood yielding forests, it may be 
possible to sequester into forest biomass 
all the carbon released by mankind to 
the atmosphere during the last 100-200 
years’^. 

This part of the story is really en¬ 
couraging, but now we should look at 
another side of the picture. When the 
plantations are young and of aggrading 
nature, the rate of CO 2 fixation is high. 
As the plantations begin to mature, the 
process of CO 2 fixation becomes slower. 
This is a well-known fact and is docu¬ 
mented from time to time. If we desire 
that these plantations would act as effec¬ 
tive CO 2 traps, these old forests must be 
replaced by new ones. Of course, in the 
process of replacement, proper manage¬ 
ment practices must be taken into con¬ 
sideration, e.g. a particular piece of land 
or area should not be completely denuded 
at a time, so that the damage to the 
ecosystem will be the least. 

By replacing the old forests, twofold 
benefit may be achieved: (i) an aggrading 
plantation forest with better CO 2 fixation 
capacity and (ii) wood and timber from 
the haivested trees. A part of this wood 
may be used as fire wood. Biomass burn¬ 
ing will also be less pollutive with respect 
to SO 2 . But the major part of the wood 
should be utilized for construction of 
menage furniture, e.g. chairs and tables, 
as building material and in pulp and 
paper industries. The use of such wooden 
products must be emphasized and 
strengthened. Wood processing industries 
should come forward for the sake of 
global environment and earth. It might 


be possible that there will be overproduc¬ 
tion and less demand for furniture in the 
market. To avoid such situations, govern¬ 
ments should make use of such products 
compulsory (by rule). This action will 
definitely be in favour of global climate. 
Regular replacement and planting of forest 
will definitely ameliorate the increasing 
level of CO 2 . Mass media may play an 
important role in generating an awareness 
among the people about the problem and 
its solution. The appreciation of such 
policies by common man is desired. He 
must be acquainted with the cause, effect 
and solution of the increased atmospheric 
CO 2 threat. The idea must be intercepted 
in his mind that only by adapting and 
appreciating these policies would it be 
possible to restore a healthy environment 
and maintain a sound ecological balance 
in the years to come. Another important 
and arduous role has to be played by 
ecologists and foresters by developing 
suitable management strategies for replac¬ 
ing the mature forests by new ones. The 
slogan ‘Buy a chair and restrain the in¬ 
creasing CO 2 menace’ will then be much 
more justified. 
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We publish below a report issued by the Indian Academy of Sciences reflecting its concern on the state of 
university education in the country. It suggests ways of promoting science education with the ultimate goal of 
attaining excellence in science. Readers are welcome to express their views on this paper. 

—Editor 


University education in science 


1. Introduction 

Following the expression of widespread concern on the 
state of university education in science in the country, 
the Council of the Indian Academy of Sciences decided 
that an Academy Paper should be prepared on the 
subject. Accordingly, the President appointed a Panel 
whose composition is shown in the Appendix. Its terms 
of reference were: 

1. to assess the state of education in science in the 
country, particularly at the undergraduate level; and 

2. to propose such measures as may be considered 
appropriate to improve the quality of education in science 
through the combined efforts of universities,, higher 
institutes of learning, government authorities, voluntary 
agencies and the Academy. 

This document is based on the report submitted by 
the Panel. In preparation for its work, a half-day sym¬ 
posium on ‘University Education in Science’ was or¬ 
ganized by the Panel on 16 August 1994 at the Indian 
Institute of Science, Bangalore. In addition to all Fellows 
resident in Bangalore, the faculty and students of the 
Indian Institute of Science, Raman Research Institute, 
Indian Institute of Astrophysics, and concerned faculty 
from Bangalore University and selected colleges in 
Bangalore were invited to the symposium. Four of the 
panel members presented half-hour papers on the four 
major science streams—V. G. Bhide on physical sciences, 
A. Sitaram on mathematical sciences, M. K. Chandra- 
shekaran on life sciences, and B. M. Deb on chemical 
sciences. There were also introductory remarks by the 
President, R. Narasimha, and brief invited observations 
by C. N. R. Rao and G. Padmanaban. Many Fellows 
present at the Symposium - including M. V. Bhatt, 
S. K. Brahmachari, R. Cowsik, V. K. Gaur, R. Narasim- 
han, J. Pasupathy, Phoolan Prasad, Raja Ramanna, 
P. N. Shankar, B. V. Sreekantan and N. Viswa- 
nadham-as well as Prof. S. Khatre of Bangalore 
University, contributed to the discussions. 

The Panel met on 16 and 17 September 1994 for 
detailed discussions, as well as on 27 September 1994 
to finalize its report. The Secretary of the Academy in 
a circular letter to all Fellows informed them of the 
setting up of the Panel and invited them to convey 
their views to it. Close to fifty responses from Fellows 


were received, some containing suggestions relating to 
specific subjects. All of these, and the comments made 
during the symposium, have been taken into account in 
the preparation of this Paper. 

The Paper is structured as follows: Section 2 recapitu¬ 
lates the dimensions of the problem of science education 
in the country, starting with a brief look at the school 
scene and then moving on to the undergraduate and 
postgraduate levels at colleges and universities. This 
Section also includes an account of frequently expressed 
perceptions of the current scene in university education 
in science. Section 3 reviews briefly some of the sug¬ 
gestions that have been made earlier by various concerned 
groups and agencies to tackle the problems set out in 
Section 2. 

Section 4, in a sense the heart of this document, 
presents the views of the Academy on various aspects 
of the question of university education in science. Among 
the issues considered are the following: the role of 
Government agencies; the functioning of educational 
institutions; the contributions that national laboratories 
and R & D institutions can make to science education; 
patterns of curricula, flexible options for students, teacher 
training, needs of different groups of students; and 
urgently needed improvements in the teaching of par¬ 
ticular subjects. The relationship between the social goal 
of equity and the academic one of recognizing and 
supporting excellence has also been addressed, and ways 
have been suggested for a reorientation of the educational 
system by which these goals can be seen as complement¬ 
ing each other. 

The recommendations are given in Section 5. They 
have been grouped separately into those that involve 
major agencies and wings of Government, and those 
where the Academy can take initiatives on its own. 
Section 6 gives a brief summary of the major recom¬ 
mendations, for quick and easy reference. 

2. Dimensions and common perceptions of the 
problem 

Although the main focus of this document is university 
science education particularly at the undergraduate level, 
it is realized that undergraduate education is part of a 
continuum, starting with education at the school level 
and going on to research in science. It is therefore 
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appropriate to remind ourselves, at least briefly, of some 
facts concerning school, undergraduate and post-graduate 
science education in India, before going on to reviewing 
suggestions already made by various individuals, institu¬ 
tions and agencies. The recommendations to be given 
later are to be viewed against this background. 

In the following, representative figures of various 
kinds drawn from several sources will be presented. 
Although great accuracy cannot be claimed for these 
figures, they are sufficiently reliable for drawing the 
general conclusions set out in this Paper. 

The number of school-going students, about 12 crores^ 
in 1985 has been continuously increasing at the rate of 
about 3% per year. However the number of well-equipped 
schools, in terms of laboratories, libraries and competent 
staff, is extremely small. Thus it has been estimated 
that no more than 60% of schools even have a blackboard, 
and less than 30% have any kind of library or laboratory 
facilities^. To cater to these basic needs, the amount of 
funding provided by the Government is estimated at 
about 15% of the total annual school educational budget 
of Rs 2500 crores^. This works out to Rs 375 crores, 
i.e. approximately Rs 30 per student per year! The 
remaining budget allocation is used up for salaries and 
maintenance of establishments. As a result, the vast 
majority of schools are ill-equipped to impart a reasonable 
science education; yet the few that do so manage to 
maintain a high level of enthusiasm both among teachers 
and students. 

Less than one percent of the students who complete 
the 10 + 2 school years go on to science education at 
college level. While the total number of students in all 
three years of undergraduate science courses has risen 
from about 1,28,000 in 1950 to 7,25,000 in the late 
eighties'^, the percentage of the total student population 
choosing science after school has dropped over the same 
period from 32% to about 19% today. Undergraduate 
education is primarily imparted in a large number of 
affiliated colleges (about 6000 at present^), but generally 
not in university departments. The vast majority of the 
affiliated colleges are ill-equipped. 

We may also keep in mind that, of the total university 
output of undergraduates each year, approximately one- 
third are in the sciences. One can also ask: how many 
really gifted and potentially creative science students 
are produced each year in the whole country, who go 
on to do research and work for a PhD in Indian 
institutions? A reasonable estimate, based on the col¬ 
lective experience of many academics in their own 
institutions, is that this number is not much more than 
150-200. (As an illustrative example, the total number 
of PhDs awarded by the Indian Statistical Institute in 
the sixteen-year period 1979-1994 is about 120.) Typi¬ 
cally, the same candidates get selected for admission 
in all the major institutions in the country for research. 


Thus the number of students who are suitable and who 
also opt for research is appallingly small. 

Against this background, we review briefly the com¬ 
monly held and expressed perceptions among the mem¬ 
bers of the academic community involved in higher 
education and research about the present state of science 
education in Indian colleges and universities. There are 
of course fortunate exceptions, but the general view is 
that standards in all respects have declined rapidly and 
alarmingly, and unless something is done soon to remedy 
the situation the country is definitely heading for disaster. 
This is more or less uniformly the opinion expressed 
in the letters written by Fellows to the Panel. One quite 
pessimistic view is that it may already be too late to 
prevent disaster. On specific aspects of the whole situa¬ 
tion, we may summarize frequently articulated views as 
follows. 

a) There has been an alarming drop in the quality of 
students who opt for higher studies in the sciences after 
school level. The best products from schools choose to 
go for courses in engineering, medicine and commerce; 
the next most talented group opt for administrative 
services, bank careers and the like; those that pursue 
science at the undergraduate level are then largely drawn 
from the residue. 

b) As against this, there has been no careful assessment 
of the country’s needs for talented scientists in different 
spheres. The needs are obvious in sectors such as 
defence, space, atomic energy, health, agriculture and 
related fields, apart from the universities. The absence 
of quantitative estimates of the number of persons needed 
in the years to come may have contributed to the present 
problems. Well planned efforts to attract, train and retain 
appropriate numbers of scientists, to pursue a professional 
career in science in this country, are essential to prevent 
a crisis in the near future. 

c) In contrast to the situation a few decades ago, 
students, parents and indeed society as a whole do not 
presently view a career in science as rewarding or 
challenging, or even as offering a satisfying professional 
life. Career opportunities in science are perceived as 
limited, and as being not at all comparable materially 
with other professions. Intimately related to these nega¬ 
tive impressions is the fact that faculty positions in 
colleges and universities appear lacking in prestige and 
respect, and in any case what young people see all too 
clearly is rampant inbreeding in most educational in¬ 
stitutions. 

d) The National Science Talent Search awards scheme 
instituted in 1964 was definitely a very worthwhile 
attempt to attract the best and most highly motivated 
students to devote themselves to careers in science. 
However even here the necessary follow-up steps to 
retain and provide for such students have been missing. 
In 1977 this scheme was enlarged to the National Talent 
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Search award scheme, to include areas other than science. 
By around the mid to late eighties, only about 10% of 
the total number of awardees were opting for science 
at the undergraduate level; and the number going on 
to the post graduate level was even less**. 

e) It is commonly felt that the maximum damage to 
our students occurs after they come out of the school 
system and enter the undergraduate level (occasionally 
even at the + 2 level). It is at this stage that all curiosity, 
self-confidence, enthusiasm and eagerness to learn are 
killed. Added to this are poor methods of evaluation 
and debilitating memory-based examining systems. The 
products of Indian undergraduate programmes are 
definitely poorer than their counterparts in developed 
countries, indeed much more so than at the 10 + 2 level. 
The burden of undoing and repairing the damage suffered 
at the college level has then to be borne by education 
at the postgraduate and research levels. 

f) The options available to undergraduate students enter¬ 
ing our institutions today are limited and inflexible. The 
division into engineering and medical streams at the +2 
level itself contributes to the problem. Practically 
nowhere can an undergraduate student hope to pursue 
emerging combinations like biology and mathematics or 
biology and physics. One still has to choose from 
old-fashioned combinations like Physics, Chemistry and 
Mathematics or Chemistry, Botany and Zoology. In this 
respect the situation has worsened even in the Indian 
Institutes of Technology, which were initially quite 
flexible and open in coqrse and subject combinations 
available to students. The option of students moving 
from the engineering stream to science is also rarely 
exercised. With this absurd and self-created inflexibility, 
a Ramanujan would never make it today. 

g) In most universities and affiliated colleges one finds 
low educational standards and a poor academic environ¬ 
ment. Colleges are generally under-equipped, over¬ 
crowded and poorly staffed. Not being directly involved 
in the framing of syllabi or in the evaluation process, 
it is perhaps not surprising that most teachers become 
demotivated and are seen to be uninspiring. Questions 
from students are often discouraged, and experiments 
and demonstrations are few. Due to lack of experimental 
facilities, science is taught unimaginatively, and learnt 
by rote. Generally routine and unexciting topics are 
taught, basic concepts are poorly covered, and at the 
higher levels teaching remains divorced from research. 
Quality and excellence in teaching go unrecognized and 
unrewarded; the few good teachers there are, work under 
trying conditions. All this has a snowballing effect—^the 
generally low standards of the output at the undergraduate 
level get reflected among the entrants to postgraduate 
education and research. 

h) Too many universities and institutions have been 
established over the years without giving adequate 


thought to the availability of teachers of acceptable 
quality. Without any attempts to correct the ills of 
existing institutions, all too often new ones are created 
only to face the same problems later. 

i) It is widely felt that one cause for the sorry state 
of affairs outlined above is the government’s policy of 
the past half century of establishing chains of specialized 
research institutions and national laboratories outside the 
university system, without proper and healthy linkages 
to the latter. This policy, especially the disproportionate 
funding of these institutions, has deprived universities 
of both talent and material support. Even worse, the 
access of young motivated students to leaders in various 
fields of science—natural in a university setting in 
developed countries and so essential to creative work 
at a young age—has become virtually impossible. Thus 
the soil where scientists of the future should grow has 
been deprived of some of its most important nutrients. 

j) There has been hardly any initiative or involvement 
by private non-governmental sources of support towards 
higher levels of education and research. Endowed chairs, 
industry-supported specialized laboratories and the like 
are conspicuous by their absence. This is particularly 
unfortunate since private enterprises depend on products 
of the educational system for their own needs. 

k) As a result of national-level discussions and sug¬ 
gestions for mechanisms to encourage and support scien¬ 
tific research, many schemes have been established by 
Government agencies, and these have in fact done quite 
well. Examples are the Science and Engineering Research 
Council within the Department of Science and Tech¬ 
nology, the COSIST programme of the University Grants 
Commission (UGC) and the (now-abandoned) University 
Leadership Programme. However, in the educational 
sphere, though on several occasions studies and recom¬ 
mendations have been made to improve the situation, 
there has been no sustained follow-up action. Even the 
series of teacher-training schools held successfully in 
the sixties and seventies, with support from the US 
National Science Foundation, were discontinued due to 
lack of support from the Government. As a result, the 
enthusiasm for excellence in education has been lost. 

l) With increasing political interference in higher educa¬ 
tion, the pursuit of excellence has disappeared and given 
place, among other things, to commercialization of educa¬ 
tion. The twin aims of social equity and academic 
excellence are being seen as opposed to each other. There 
is no intellectual debate on these overlapping problems, 
and it is being left to the judiciary and the political 
leadership to determine the directions open to society. 

From this sampling of frequently heard opinions it is 
clear that the problems of university science education, 
seen in totality, are manifold, and that there has been 
room for continued criticism and complaint. Under these 
circumstances the Academy considers that there is a 
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need to find ways in which it can help identify and 
reach out to the gifted, save as many of them as possible 
for the pursuit of science, and make them feel that it 
is still worthwhile and deeply rewarding to fashion 
careers in science. 

3. Earlier suggestions and programmes for coor¬ 
dinated action 

In the face of the deteriorating situation described in 
the previous section, there have been several carefully 
thought-out suggestions for positive action made by 
responsible and concerned academic groups in the 
country. Therefore, before going on to a discussion of 
Academy’s can do, both on its own and in concert with 
other bodies, it is useful to consider briefly some of 
these suggestions, at least in outline, if only to 
demonstrate that the desire to do something, and fairly 
specific proposals for action, have not been wanting. 

a) Planning Commission initiative^ 

A Working Group to suggest ways and means of im¬ 
proving university science education, especially at the 
undergraduate level, was set up by the Planning Com¬ 
mission in 1989. This Group prepared a detailed proposal, 
expressing the hope that the action suggested would be 
taken starting August 1990. Though this has not hap¬ 
pened, the proposal itself is still worth scrutiny. This 
proposal, or possibly some suitable variant of it, would 
be a good starting point to reverse the many undesirable 
trends in the present situation. 

The proposal involves working at three tiers, each 
aimed at a particular segment of the student population. 
They may be briefly described as follows: 

Tier /: This is aimed at the highly talented group of 
students, the number per year being estimated at about 
700 (i.e. 0.5% of the total of about 1,50,000 students 
entering undergraduate science courses each year).* The 
proposal is to introduce a very carefully planned five 
year Integrated M Sc programme in a few institutions 
(structured like the family of IITs). They could be 
independent institutes, or alternatively the UGC could 
choose a few Centres in existing institutions, say three 
Centres to cater to Physics and Chemistry, two to cater 
to the Life Sciences, and two to the Mathematical Sciences. 

With seven such Centres, each could admit 100 students 
per year based on merit alone, through a common 
entrance test conducted nationwide. The courses in Year 
1 would be common to all streams, ensuring that the 
foundations of each major subject are properly covered. 
Years 2 and 3 would be like a B Sc (Honours) 
programme, involving one main subject leading up to 

■^These and subsequent figures in this section are estimates made by 
the Planning Commission Working Group, and refer to 1989. 


the MSc, and two subsidiary subjects. At the end of 
Year 3, a successful student could leave with a B Sc 
(Honours) degree, or proceed to M Sc. Years 4 and 5 
should bring the student to the threshold of research. 

Every student should acquire basic levels of proficiency 
in mathematics, computers and electronics; and the entire 
programme should be challenging and flexible enough 
to permit combinations of subjects like physics and 
biology, mathematics and biology etc. Students should be 
provided with reasonable scholarships to finance their 
education; and major agencies such as DAE, ISRO and 
CSIR should be persuaded to assure career opportunities 
to the most successful students coming out of this course. 
Tier 11: This is aimed at the next segment of the 
undergraduate science student group numbering about 
24,000 per year (about 16% of the students entering 
each year). The purpose is to raise the general level of 
undergraduate science teaching at a large number of 
selected institutions spread all over the country. The 
UGC may select 20 colleges each year over a five year 
period—thus ultimately reaching a total of 100 colleges. 
Financial assistance should be provided to such colleges 
to formulate and introduce 3 year B Sc degree courses 
of high academic quality and content. 

Each college would admit 240 students per year, based 
on a locally conducted entrance test. Year 1 of the course 
would have a curriculum common to all students, while 
Years 2 and 3 would cover one main and two subsidiary 
subjects. By the time 100 colleges introduce such program¬ 
mes, the annual admissions would reach 24,000. 

Tier III: Tiers I and II together would cater to almost 
25,000 students, out of the total of 1,50,000 entering 
undergraduate science each year. The remaining 1,25,000 
(constituting 84% of the total) form such a large group 
that in order to improve matters for them it becomes 
essential to go beyond conventional systems and methods. 
Most of these students study in affiliated colleges, many 
of which have indifferent faculty and inadequate in¬ 
frastructure. To cope with the vast numbers involved, 
one has to employ new methods of communication and 
distance education such as video taping of lectures by 
outstanding teachers, preparing entire courses of lectures 
on tape, periodic teacher training programmes at nearby 
universities, etc. 

The financial estimates made in 1989 by the Working 
Group for a full five year programme were as follows: 
Tier I, 25 crores; Tier II, 60 crores; Tier III, 30 crores. 

b) UGC Curriculum Development Centres Programme^ 

The UGC set up these Centres in 1988 in various 
subjects, each Centre being located at a University 
Department. Their terms of reference included the as¬ 
sessment of the quality and content of existing curricula 
in various universities, and evolving new curricula at 
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both undergraduate and post-graduate levels in each 
subject in order to promote excellence in teaching at 
these levels. As a result of the efforts of these Centres, 
detailed curricula have in fact been evolved for the 
B Sc (General) Course and for subject-specific B Sc and 
M Sc (say, in physics) courses. This careful work can 
provide the basis for updating and improvement by other 
bodies in coming years. 

c) Quality University Education for Scientific Talent 
- the QUEST Programme^ 

This programme has been evolved by a group based at 
Punjab University, Chandigarh, and is similar in spirit 
to the Tier I Integrated M Sc programme described in 
subsection (a) above. The aim here is to train and 
produce highly competent scientists who are at the same 
time well-rounded human beings. The courses during 
the first three years would be common to all students 
and would cover the basics of mathematics, physics, 
chemistry and life sciences. Also included would be 
computer programming and visualization, an introduction 
to earth sciences, and experimental courses which empha¬ 
size planning and designing of one’s own experiments. 
After the common three-year training, opportunities 
would be provided to branch out in different directions. 
At the end of the five-year course, each student should 
be highly competent in a ‘principal’ subject and quite 
well prepared in at least one other. By bringing home the 
unifying conceptual foundations of science, and also provid¬ 
ing exposure to technology and problems of industry, each 
student should be able to act as a spokesman for science 
in society and have the self-confidence to attempt scientific 
solutions to practical real-life or field problems. 

d) The M Sc (Biotechnology) Programme of the 
Department of Biotechnology (DBT) 

The pioneering efforts of DBT in promoting post-graduate 
education and research have been fruitful in the life 
sciences area. Special M Sc courses in biotechnology in 
a selected group of institutions, with student scholarships 
provided by DBT and selection via a national level test, 
have, in addition to providing trained humanpower for 
the rapidly growing biotechnology industry, raised the 
general level of biology education in the country. A 
considerable amount of basic biochemistry and molecular 
biology is being imparted in these courses. 

Efforts are also being made along similar lines by 
the Department of Electronics and the Defence R & D 
Organization in other subjects. 

e) Efforts of the National Board of Higher Mathe¬ 
matics^ 

The National Board of Higher Mathematics (NBHM), 
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which is funded by the Department of Atomic Energy, 
has in the past taken many innovative steps to make 
it possible to spot, train and support talented students 
in mathematics. Apart from conducting the Indian Na¬ 
tional Mathematics Olympiad and training teams to 
participate in the International Mathematics Olympiad, 
the ‘Nurture Programme’ for students who have qualified 
in the Indian National Olympiad, and the Mathematics 
Training & Talent Search Programme, the Board also 
offers scholarships for post-graduate students tenable at 
various institutions in the country. 

f) Initiatives of the Technology Information, Forecast¬ 
ing and Assessment Council 

As mentioned in Section 2, no reliable estimates of the 
requirements of trained scientific humanpower for various 
national tasks seem to be currently available. The Tech¬ 
nology Information, Forecasting & Assessment Council 
(TIFAC), which functions within DST, has recently 
taken up the task of assessing these needs in some 
detail. Apart from the qualitative and quantitative aspects 
of science education, an effort is being made to ascertain 
the means to provide commensurate employment and 
career opportunities to specially trained science graduates. 
TIFAC is working with agencies such as UGC, NCERT, 
the Department of Education, IITs, IIMs and AICTE in 
tackling these questions. 

g) INS A Reports on the National Status in the Sciences 
(1994) 

As part of its Diamond Jubilee activities, the Indian 
National Science Academy has recently commissioned 
special studies on the status of education in the various 
sciences, viz. physics, chemistry, etc. These will also 
be submitted as national status reports to such bodies 
as the International Unions of Pure & Applied Physics 
and Pure & Applied Chemistry. The document devoted 
to physics education^, for instance, examines the situation 
at the +2, undergraduate, postgraduate and predoctoral 
stages, and makes several valuable suggestions for 
improvement in the quality of education offered; it also 
comments on the need for and growth in popular science 
exposition, links with industry, efforts by voluntary 
bodies etc. 

Apart from the above, there have been State-level 
efforts at assessment and improvement of university 
education. As an example, we may mention the report 
of the Committee constituted by Mr C. Subramaniam 
when he was the Governor of Maharashtra, to look at 
possible reforms in the universities in the State^. 

Before concluding this section it must be acknowledged 
that the philosophical underpinnings of many of the 
ideas above, and those of the next section, have been 
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anticipated in two remarkable documents: (i) the Report 
of the University Education Commission^®, December 
1948-August 1949, and (ii) the Report of the Education 
Commission^^ 1964-1966, popularly known as the Rad- 
hakrishnan Commission and the Kothari Commission 
after their respective Chairmen. If (or perhaps, opti¬ 
mistically, we should say ‘when’!) some of the sugges¬ 
tions in the present document are implemented, it would 
be most instructive to examine these early and extremely 
thorough reports in detail; both for the broad philosophy 
of their approach to the role of education in our lives, 
and for specific details concerning implementation of 
their recommendations. 

4. General views of the panel 

In its own discussions the Academy Panel paid careful 
attention to many aspects of the overall problems of 
science education at both undergraduate and postgraduate 
levels. This was against the background of the knowledge 
of the efforts of other groups and agencies, such as 
those briefly described in Section 3. 

The discussions in the Panel and the large number 
of letters received by it from the Fellowship of the 
Academy brought home the point that there is a strong 
and unanimous feeling in the community both about, 
the importance of science education and about the present 
alarmingly sorry state of affairs. The selection of com¬ 
monly voiced concerns recounted in Section 2 appears 
to give a fair description of the present situation; urgent 
steps are necessary to avoid a crisis in the near future. 
The importance of science education of high quality, 
especially at the high school and undergraduate levels, 
cannot be over-emphasized in a country like ours. Science 
education becomes even more important in the context 
of the present efforts of the country towards globalization 
and a market economy. Perhaps too much emphasis is 
being paid to the improved prospects for attracting 
foreign investment that the new climate in the country 
provides. But the basic objective of these new policies 
of the Government must be presumed to be to provide 
an opportunity for our own trained human-power to 
create wealth for the nation by participating in and 
contributing to scientific and technological endeavours 
in India and across the globe. At the same time we 
need to support and strengthen our capacity to create, 
absorb and transform technology at various levels, and this 
can only be achieved against a background of solid foun¬ 
dations in the basic sciences. Clearly, we need to gear up 
our science education to meet these challenges if we are 
to fiilly reap the benefits of the new economic policies. 

At the same time, it seems very clear that the current 
state of university education in science, borrowed about 
a century ago from Britain and maintained essentially 
unchanged since then, is woefully inadequate to meet 


this challenge. Indeed, the Chairman of the 1966 Educa¬ 
tion Commission, Dr D. S. Kothari, had forcefully 
expressed himself in the following words to the Minister 
for Education of the Government of India^®: 

‘If I may say so, the single most important thing 
needed now is to get out of the rigidity of the present 
system. In the rapidly changing world of today, one 
thing is certain: yesterday’s educational system will not 
meet today’s, and even less so, the need of tomorrow’. 

At a time when barriers between the traditional dis¬ 
ciplines are breaking down, breadth and flexibility have 
to be key features of an educational system that expects 
to attract and retain gifted young people. 

In suggesting possible solutions, the Panel discussed 
at length two crucial issues. One has to do with the 
apparently mutually incompatible demands for equity 
and excellence. The other has to do with the need to 
simultaneously provide adequate opportunities for both 
the small number of gifted students who may be able 
to enlarge the horizons of scientific knowledge, as well 
as the large number of students who need to be trained 
to contribute at diverse levels to the welfare of Indian 
society in an intelligent and competent way. The 
Academy has kept both these goals in mind in its 
proposals for improving the situation. 

The Panel had extensive discussions on the issue of 
equity and excellence. It was unanimous in recognizing 
that this issue is an extremely complex one with far- 
reaching ramifications and room for a variety of points 
of view. This Paper places on record the Academy’s 
general thinking on this matter, not so much with the 
aim of suggesting definitive solutions, but rather with 
that of initiating a debate on the issue among academics 
in the country. Such a debate on the seemingly incom¬ 
patible twin desires for equity and excellence is essential, 
and should not be left merely to the politicians and the 
judiciary, as is currently the case. Perhaps the reason 
for the present state of affairs is that academics are, 
rightly or wrongly, perceived as being concerned only 
with excellence and ignoring the issue of equity. With 
such a prevailing perception, it is not difficult to see 
that political measures have been seen as the only 
method of promoting the cause of equity. The situation 
can only change if the academic community faces the 
real need for achieving both equity and excellence and 
suggests ways of doing so. Many academics have asserted 
that merit should be the sole criterion for admission to 
educational institutions. There is no denying that such 
a rigid rule will considerably disadvantage many poten¬ 
tially able people, at least at the present time. Conversely, 
laws are being enacted in the country to set aside quotas 
of various types. It is equally clear that beyond a certain 
level such reservations will be counter-productive in the 
long run and harm the country as a whole, including 
the very segments that need to be brought into the 
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country’s social, educational and economic mainstream. 

The important question is whether there is a way that 
would promote social justice and at the same time 
preserve academic values. One promising possibility is 
to reorient our thinking so that we would be able to 
view the whole issue as one of equity and excellence 
rather than one of equity versus excellence. It is essential 
to recognize that for a variety of historical and social 
reasons, a very large segment of our population aspires 
to a college degree. This aspiration has to be met. 
However, this need not mean that all these hundreds 
of thousands of students must enroll in the same few 
monolithic B Sc or B E degree programmes. The situation 
may be compared to that prevailing in the USA towards 
the end of the last century: by deliberate planning and 
conscious effort the system supported a few centres of 
high excellence along with a large number of universities 
that successfully provided education of value to the vast 
majority seeking it. 

In our present situation, it is essential to completely 
revamp the fundamental structure of our university educa¬ 
tion system. We need to enlarge the educational oppor¬ 
tunities by several orders of magnitude and create such 
a rich menu of possibilities and opportunities that the 
problem of providing for equity gradually disappears 
and becomes virtually irrelevant. We need to develop 
a large number of different kinds of flexible under¬ 
graduate degree courses that will permit the channelling 
of students according to their aptitude and motivation, 
without depriving any segment of society. One way to 
do this would be to have a large variety of undergraduate 
degrees in ‘applied science’, where the students get a 
thorough exposure to the fundamentals of different sub¬ 
jects such as Physics, Chemistry, Mathematics and Biol¬ 
ogy in the first year and then go on to learn specialized 
skills in chosen branches of science or technology. The 
system should also provide the flexibility for an indi¬ 
vidual to transfer from one institution to another, say 
after the first year, carrying credit for courses already 
taken, if such transfer helps fulfil the aspirations of the 
student in a better way. In this process, the advantages 
offered by distance education methods should also be 
exploited. When such a large and diverse set of opportunities 
does become available, the sensible thumb rule of using 
aptitude as the criterion for admission will, in all likelihood, 
cease to prove discriminatory towards anybody. 

In the light of the above comments, the Council 
proposes to set up a special Committee to examine 
these issues in greater depth, and to advise the Academy 
on the role it can play in bringing about this transforma¬ 
tion in attitudes. The Academy is convinced that such 
a reorientation in thinking is about the only way to 
achieve equity while at the same time ensuring the 
advance of science to serve the needs of the country. 

The views expressed above, along with the realization 
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that different and appropriate strategies have to be 
planned for the large majority of students who need 
science education to run the country efficiently on the 
one hand, and those few who may take up careers in 
scientific research on the other, suggest that under¬ 
graduate education in science is best organized into 
three streams, to cater most effectively to the needs 
and aspirations of large numbers of young people. These 
might correspond, in purely organizational terms, to the 
framework proposed by the Planning Commission Work¬ 
ing Group referred to earlier. In suggesting a three-stream 
system of education, this framework recognizes the need 
for adopting diverse strategies for achieving the objec¬ 
tives of the system. The comments made above regarding 
a rich and diverse menu of degrees in applied science 
are most appropriate to the third stream mentioned 
above. The more specific comments which are grouped 
below under two major headings apply largely to the 
first two streams of this initiative. 

The Council’s views on the functioning of Colleges 
and Universities, the roles of Government agencies, 
national laboratories and industry, are expressed through 
general recommendations in Section 5. 

a) Patterns for undergraduate and postgraduate 
science education 

At the undergraduate (UG) level the basic aim should 
be to make the spirit and excitement of science come 
through, so that appreciation for science would remain 
with the student independently of what he or she might 
do later. The UG course should be solid and broad 
based, providing a good foundation in at least two 
subjects, and should definitely avoid specialization too 
early. Thus all UG students should take some common 
courses in physics, chemistry, mathematics and biology 
in the first two years, or perhaps select combinations 
from a core curriculum so designed that they will be 
exposed to the fundamentals of these basic subjects; 
then choose subjects in one or two of the four streams 
for the third year. This will avoid variations in levels 
of teaching in the main and subsidiary subjects. One 
may reduce the content of each major subject, but no 
subject would be left out. 

There is often a tendency to sacrifice essential areas 
of the four major subjects (P,C,M and B) to make room 
for trendy specializations such as industrial chemistry, 
theoretical computer science, and the like; or such 
‘job-oriented bio-courses’ as poultry, fisheries, sericulture, 
etc. These can come later: early specialization at the 
UG stage must be strongly opposed, as it leaves the 
student with a weak conceptual foundation which is 
very difficult to make good later. This is especially true 
for those students who plan to go on to the postgraduate 
level and then possibly on to scientific research. For 
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genuinely job-oriented courses, such as the ‘applied 
science’ options referred to earlier, at least one year of 
good teaching of fundamentals is essential; this can then 
be followed by specializations like those mentioned 
above, and many others. 

Curricula can never be static, and should be constantly 
reviewed and improved. In the process, room must 
always be made for really new subjects, but not at the 
expense of the foundational courses. 

Experimental programmes should lay stress on open- 
ended exploratory experiments using simple materials 
where possible. Innovative experiments must be specially 
conceived and devised for this purpose. 

At the post-graduate (PG) level, the first year should 
concentrate on the chosen subject with common courses 
for all students within that discipline. Further specializa¬ 
tion, choice of elective courses, and project and seminar 
work should form part of the second year, and then 
preferably in the second term. It is common experience 
that industry also prefers students who have gone through 
a strong and common core curriculum, with no basic 
areas neglected, and with specialization coming towards 
the end of the PG course. For example the two yeaf 
M Stat programme of the ISI is a successful, solid 
course which has an established reputation over the 
years for PG education in the mathematical sciences. It 
provides the right degree of flexibility and specialization 
in the second year of the course. Some other examples 
are the M Sc Courses in General Chemistry in some 
IITs and Central Universities. A similar approach would 
be most beneficial in all the other sciences. 

With all four science subjects being offered to all 
students at the UG level for two years, we can hope 
to see such fruitful combinations of subjects as math¬ 
ematics and biology or physics and biology being chosen 
by talented students at the later stages. The merging 
boundaries among different disciplines such as biology, 
chemistry, physics etc provide us with challenges as 
well as opportunities. These should be reflected in the 
course options available at advanced levels. 

b) Comments relating to individual subjects 

Mathematics: It is a fact that mathematics syllabi of 
most universities read very well on paper; and excellent 
texts in the various areas are now available at affordable 
prices in the country. The tragedy is the way in which 
the subjects are taught at the UG level, leading to poor 
inputs at the PG level and then at the research stage. 
Classical mathematics presented well at the UG level 
would be a fine beginning. What is important is to 
convey the spirit of mathematics, and to develop such 
core subjects as analysis, differential equations, algebra 
and probability and statistics on solid foundations. 

As stated in (a) above, specializations should be taken 


up only in the second year of the PG course, not earlier. 

There is also a general need to drop obsolete courses 
and improve the content of applied mathematics wherever 
it is offered. 

Physics: The same weakness at the UG level seen in 
mathematics afflicts physics as well. We need more f 
devoted UG teachers able to convey concepts and illus- j 
trate the unity of physics clearly. Such subjects as 
atomic and molecular physics and quantum mechanics i 
often get short shrift in favour of various early specializa- - ; 
tions. At the PG level the core should consist of classical 
mechanics, classical electrodynamics, statistical ther¬ 
modynamics and quantum mechanics, again with ^ 
sjpecialization only towards the end in the final term. 

At the PG level and later, physics students should 
preferably learn the mathematics they need from 
mathematicians. A major improvement is required in 
the way that laboratory training is imparted and the 
so-called practical classes are conducted. 

Chemistry: The traditional division of this subject into 
inorganic, organic and physical chemistry has outlived j 

its usefulness and is now doing more harm than good. ' 

It leads to loss of a sense of the unity of the subject, | 

lack of appreciation of basic principles, and too early ' 

branching into narrow specializations. Starting from the I 

UG stage, chemistry should be taught as based on the j 

trinity of bonding, structure and reactivity. This is not an i 

easy task, but at least at some universities in the country 
the effort to change in this direction must be made. j 

At the PG level the core in physical chemistry, for | 
instance, should consist of thermodynamics, chemical 
dynamics, quantum chemistry and statistical mechanics. j 
Also at the PG level, the interfaces of chemistry with 
biology and with physics should be brought out in some 
detail; and the transition from molecular to macroscopic 
behaviour made clear. The comments about laboratory ex¬ 
ercises apply as strongly to chemistry as they do. to physics. 
Biology: This is an extremely rapidly changing subject, 
which incidentally should be distinguished from biotech- | 
nology! An approach stressing unity in the various j 

branches of the life sciences, both at the UG and PG | 

levels, should be possible. Students of biology need to 
know allied subjects rather well. In this respect it is 
realized that many aspects of the subject can be learnt ^ 
informally by motivated students on their own, while 
receiving more formal training in Physics, Chemistry | 
and Mathematics. I 

! 

5. Recommendations 

I 

The recommendations are presented here in two groups: p 

first those that involve national bodies, agencies, the 
educational system, research laboratories and industry; 
second, those that depend mainly on initiatives to be 
taken by the Academy. Some overlap with the views 
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presented in Section 4 is retained to make the recom¬ 
mendations self-contained. 

A. General recommendations 

Functioning of colleges and universities, and role of 
national laboratories 

The absolute minimum that students and society should 
demand from universities and colleges is that they run 
as announced in schedules, hold classes and examinations 
on time, and declare results on time. This can only be 
achieved by sustained pressure from students and the 
public, and removal of political influence on university 
functioning. Maintaining strict schedules will facilitate 
comprehensive and thorough coverage of material. 

An important aspect is continuous teacher training 
and upgradation of knowledge through summer and 
refresher courses. Here the experience of the chain of 
Academic Staff Colleges has not been good. Attendance 
at these courses is used largely as a prerequisite for 
promotion, and only 15% to 20% of those who attend 
have serious interest in the subject. The selection of 
the participants is also generally not in the hands of 
the course organizers. Therefore, attendance at refresher- 
courses and training programmes for teachers must be 
separated from promotions, and the organizers must be 
allowed to select participants as well as examine them 
at the end of each course. 

Some of the proposals described in Section 3 involve 
creation of new institutions or centres. The Council 
strongly feels that these should be within the overall 
university system, but should be administratively inde¬ 
pendent and autonomous 

In particular, we urge the adoption of a three-stream 
approach to undergraduate education in science, in the 
spirit of the framework proposed by the Working Group 
of the Planning Commission, as described earlier in 
Section 3 (a) and 4. In the first two streams, leading 
to an improved B Sc degree and the B Sc (Hons) and 
the integrated M Sc degree programmes, the involvement 
of at least a few university departments in undergraduate 
teaching, in addition to their regular postgraduate teach¬ 
ing and research work, is essential; and such universities 
should offer all four of the basic subjects of Physics, 
Chemistry, Mathematics and Biology at similar levels. 
The course options for students in the third or Applied 
Science stream need to be drastically redesigned, so 
that apart from a foundation in basic science, a wide 
variety of options of a more vocational or practical 
nature are available; we are convinced that the traditional 
undergraduate course does not really address the needs 
of this group. Redesigning the undergraduate course on 
such lines will be a complex task, which could be the 
subject of future detailed discussions. 


Along with the reconunendation for the introduction 
of strong Integrated M Sc programmes in selected insti¬ 
tutions, the Academy also urges the introduction of 
* Integrated Ph D programmes in the four main science 
subjects. Such a scheme presently exists in Chemical 
Sciences, Physical Sciences and Biological Sciences at 
the Indian Institute of Science, Bangalore. Such pro¬ 
grammes, the input to which would be gifted and 
motivated B Sc graduates, need to be very carefully 
structured and offered at a small number of select 
institutions capable of sustaining them. 

In the Max Planck Institutes of Germany and CNRS 
in France, there is a tradition of scientists in national 
laboratories being given the opportunity to teach and 
interact with students at adjoining universities. In the 
process, such scientists are offered the academic title 
of Professor at the university. Such a relationship between 
universities and national laboratories makes eminent 
sense in our country today; already, as an example, one 
may mention courses taught jointly by scientists of the 
National Chemical Laboratory, Pune, arid faculty of 
Poona University. At a more individual level, one should 
encourage the notion of adjunct faculty, which would 
enable outstanding scientists outside the university system 
to participate in teaching in universities. One step in 
this direction might be to create a fund to support 
teaching and research ventures undertaken jointly by 
faculty in universities and scientists in national 
laboratories. 

Role of government agencies and industry 

Looking at the present state of functioning of most of 
our universities, it is necessary for the UGC and Par¬ 
liament to step in and make them more than mere 
examining bodies; instead they must be enabled to 
become centres of learning and excellence. To achieve 
this objective, funding provided to colleges and univer¬ 
sities must improve, and at least at a few places quality 
science education centres must be started. One way to 
do so would be to implement the recommendations 
made by the Planning Commission Working Group, 
sketched in Section 3 (a). In addition, a system of 
accreditation of university science departments should 
be introduced; this should be carried out by a central 
and autonomous body not susceptible to local political 
pressures. 

The efforts of DBT in the life sciences and NBHM 
in mathematics have been mentioned earlier. Other major 
agencies such as DAE, DOE, ISRO and DST must be 
persuaded to support selected, good M Sc programmes 
in physics, chemistry, biology and mathematics. The 
intention must be to support education in the basic 
sciences, not immediately linked to the needs of these 
agencies—such seemingly altruistic support will surely 
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help them in the long run. The institutions to be chosen 
for such agency support could be picked, on the basis 
of faculty and syllabi, by the Academy or any other 
body of standing. The agencies should provide scholar¬ 
ships, support setting up of laboratories, donate equip¬ 
ment, and do all this without insisting on too early 
specialization. 

Industry too—the Confederation of Indian Industries 
(Cn), the Federation of Indian Chambers of Commerce 
and Industry (FICCI) and the Associated Chambers of 
Commerce (ASSOCHAM) for example—should come 
forward with scholarships for PG students and support 
to laboratories. As is the practice in Germany, for 
instance, the chemical and pharmaceutical industries 
should be persuaded to give essential solvents and basic 
chemicals to UG and PG institutions for their chemistry 
programmes. In the same spirit, the Indian Chemical 
Manufacturers Association (ICMA) could be induced to 
provide help in improving education in chemical sciences. 
Groups of companies with common interests could also 
be targetted. Other sources, for example international 
bodies like UNESCO, could also be asked for similar 
support in all areas of science. 

Wide publicity should be given to educational oppor¬ 
tunities in the sciences, as well as to career opportunities 
in industry and elsewhere for science graduates. This 
could be done through the proposed new science 
magazine recommended below (in B (vi)). 

B. Academy initiatives 

Ejforts by the Academy through the Fellowship 

(i) The Council proposes to commission a group of 
Fellows to prepare two volumes on what students should 
know in each area of science respectively at the B Sc 
and M Sc levels, and as preparation for embarking on 
a PhD programme. This last should be comparable to 
the level of attainment seen at the PhD qualifying 
examinations of good US universities. The volumes may 
be brought out through private publishers under Academy 
auspices, and will reflect the suggestion made in Section 
4 that for the first two years of B Sc all science students 
should have a largely common curriculum. Some descrip¬ 
tion of course combination options and careers should 
be included. 

(ii) The Council proposes to commission and support 
the writing of brief expository monographs (‘appreciation 
courses’) on scientific topics, in the style of the MIR 
publications of the former USSR. Some could be written 
by Fellows, some by others by invitation. 

The Council also proposes to commission preparation 
of modern science texts at UG and PG levels as well 
as more informal Lecture Notes where necessary. In 
cases where classic texts are available in inexpensive 


editions (many mathematics texts, the Feynman Physics 
lectures, etc.), the writing of supplementary texts leading 
up to the classics needs to be supported. Reprinting of 
other classics with permission, sometimes accompanied 
by commentaries, will also be encouraged. 

Other types of monographs whose writing would be 
similarly encouraged are ‘bridge courses’, which would 
help non-experts get an overview of a scientific topic, 
and also advanced books on specific topics. 

(iii) The Council plans to commission teams of Fellows 
to devise sets of experiments (say about a hundred) in 
each of the basic sciences, which bring out fundamental 
principles in an appealing way, wherever possible using 
inexpensive and commonly available materials. 

(iv) In cooperation with experienced teachers and ex¬ 
positors, and working with existing centres such as the 
EMRCs at Pune and Hyderabad, the Academy will offer 
assistance in production of radio and TV programmes 
on science, and video tapes to supplement class room 
instruction at school and college levels. These could 
also be in regional languages, and explore ‘alternative’ 
methods of teaching. A library of 40-50 taped lectures, 
covering substantial parts of the undergraduate cur¬ 
riculum, could also be created. 

(v) The Academy will attempt to periodically assess the 
state of affairs in education in each major scientific 
field and publish its findings, giving current trends, 
pointing out lacunae, highlighting possible opportunities, 
and offering suggestions about areas needing special 
effort. 

(vi) The Council proposes to launch a journal of science 
specially intended for science students and educated lay 
persons interested in science. The editorial, intellectual 
and financial backing of the Academy will be available 
to sustain such an effort. The journal will contain 
expository articles, descriptions of new teaching methods 
and innovative experiments, science news, historical 
notes etc. Information on course openings and facilities 
in various institutions might be included in such a 
journal, as well as advertisements from prospective 
employers of science graduates. 

Interaction with student and teacher communities 

(i) Subject to the availability of resources, the Council 
will establish a programme wherein Fellows would be 
invited to identify one or two college students each 
year (within some overall limit) for placement in a 
(summer) programme organized or assisted by the 
Academy. Such students would be supported to spend 
some time - say two months or so - working and studying 
under a Fellow’s guidance. Such short term research 
experience will help the student to use his or her spare 
time productively, and it is hoped that many bright 
youngsters may thereby be motivated into pursuing 
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careers in scientific research. 

A similar programme at the college and school teacher 
levels is also being considered, with Academy support 
for summer training programmes for them. This will 
not be on the rigid lines of similar current programmes. 
The participants would be selected by the Academy on 
the strength of their motivation, rather than on seniority 
or as an aid to their promotion. 

(ii) Similar to the series of Discussion Meetings sup¬ 
ported by the Academy, the Council proposes a series 
of Academy seminars for chosen college teachers and 
promising students, which may be organized by groups 
of Fellows in each subject area. Students could speak 
to audiences of other students, teachers and Fellows on 
topics chosen with guidance. This would promote 
popularization of science as well as contacts between 
Fellows, students and teachers. 

(iii) An Extension Lecture Programme, similar to the 
UGC supported programme at IISc for example, will 
be set up under Academy auspices. Fellows in each 
region would give lectures on a list of topics made 
available to nearby schools and colleges. 

(iv) The Council proposes to invite a few college and 
university teachers to its annual and mid-year meetings 
as guest participants. This will increase personal contacts 
between Fellows and good teachers, and be a form of 
recognition for the latter. 

The above initiatives demand linkages with reputed 
publishers and additional financial resources, which will 
be sought by the Academy from Government and private 
sources. 

Link with teaching departments and institutions 

Council recommends to University science departments 
and national laboratories that they produce brochures 
containing helpful information about their activities for 
the guidance of students. This is common practice in 
developed countries, but in contrast such information is 
rather difficult to obtain' for a student interested in 
working in Indian institutions. The Academy could evolve 
a suitable format for such brochures, and assist when 
necessary in disseminating the information available in 
them. 

Contacts with national bodies, agencies, etc. 

(i) The Council proposes to set up a Committee to 
carefully examine the goals of equity and excellence 
from new perspectives, and to arrive at ways of restruc¬ 
turing the overall educational system so that these goals 
are no longer seen as mutually exclusive. The views 
of the Academy will be widely publicised, in the ex¬ 
pectation that this debate takes a new and fruitful turn, 
showing us a way out of the corner into which the 


country has pushed itself by so far relying solely on 
political and judicial approaches. 

(ii) The Academy expresses strong support for the In¬ 
tegrated M Sc programmes along the lines described in 
Section 3. The Academy is willing to offer its assistance 
in the selection of institutions to establish such program¬ 
mes and in the preparation of appropriate syllabi, in¬ 
cluding experiments. 

The Academy also recommends the setting up of 
Integrated Ph D programmes at a few select institutions, 
which would take students with a good undergraduate 
degree and give them the necessary training (including 
course work) to bring them to the threshold of research. 
Suitable guidance could then be offered to enable them 
to work towards a PhD. A Master’s degree could also 
be awarded at a suitable intermediate stage. 

It is also recommended that the usual PhD pro¬ 
grammes, which take students after a Master’s degree, 
should include some pre-PhD courses to bring students 
up to the same level as in the Integrated Ph D programme. 
In some of the advanced courses offered in the integrated 
programmes or as part of the requirements for the PhD 
programmes, students from different institutions may be 
pooled together, especially when the numbers involved 
at each institution are small. 

While the above recommendations relate to research 
level training in science, the Academy strongly endorses 
the pattern of UG science education as outlined in 
Section 4(a). 

(iii) The Academy also endorses the need to introduce 
special M Sc courses in different branches of science, 
in the spirit of the DBT programme. It is recommended 
that the science departments and agencies of the Central 
Government provide scholarships to such students and 
support the setting up of laboratories and other facilities 
for such courses. 

(iv) The views of the Academy on the structure and 
content of science education at the UG and PG levels, 
as suggested in Section 4, and on the support needed 
by universities and colleges as well as on the way they 
should function, will be made widely known to the 
general public, the student and teacher communities, 
other academic societies, and Government bodies such 
as the Planning Commission, the Department of Educa¬ 
tion, and the UGC. 

6. Summary of recommendations 
General recommendations 

Functioning of colleges and universities 

- Universities and colleges should satisfy the minimum 
requirement of running on schedule in all respects. 

- Properly implemented continuous teacher training pro- 
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grammes must be established. 

- Council endorses the recommendations of the Planning 
Commission Working Group, described in Section 
3 (a), with the modifications suggested in the text. 

- It is urged that new institutions or centres created 
should be within the overall university system, but 
administratively independent and autonomous. 

- Academic cooperation between educational institutions 
and national laboratories should be strongly en¬ 
couraged, including joint research, teaching and adjunct 
positions. 

Role of Government agencies and industry 

- Funding of colleges and universities must improve, 
and quality science education centres should be started 
at a few places at least. 

- Accreditation of science departments in universities 
and colleges, to be reviewed periodically, should be 
carried out by an autonomous central body. 

- The pioneering efforts of DBT in the life sciences, 
and NBHM in mathematics, should be expanded upon 
and emulated by other major agencies such as DAE, 
DOE, ISRO and DST; these agencies should support 
selected M Sc programmes in basic sciences, without 
early specialization. 

- Individual industries and industry associations with 
common interests should award scholarships at the 
PG level, and support laboratories with funds and 
supplies. International agencies like UNESCO should 
also be approached for similar support. 

- Wide publicity should be given to all educational 
opportunities, and to career opportunities in industry 
and elsewhere for science degree holders. 

Academy initiatives 

Ejforts by the Academy through the Fellowship 

- An Academy Committee will be set up to study how 
the twin aims of equity and excellence may be 
achieved by a suitably reoriented system of science 
education. 

- The Academy will commission the preparation of two 
volumes to indicate what the desirable levels are in 
each area of science for a student at the B Sc and 
M Sc levels, and at the tfn^shold of research. The 
volumes could also describe course combinations and 
careers. 

- The Academy will commission the writing of 
monographs and lecture notes as necessary at different 
levels. 

- The Academy will commission documentation on 100 
experiments in each of the basic sciences, using 
inexpensive commonly available materials, with the 
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objective of bringing out principles in an appealing 
way. 

- The Academy will cooperate with or sponsor produc¬ 
tion of science programmes using the electronic media, 
possibly also in regional languages and using ‘alterna¬ 
tive’ teaching methods. 

- The Academy will periodically assess the state of 
affairs in the country in each of the basic sciences, 
and publish its findings, along with recommendations 
as to where special efforts are needed. 

- The Academy proposes to launch a new journal 
accessible to university students and teachers in science 
and the educated lay public interested in science, 
featuring expository articles, description of new teach¬ 
ing methods and innovative experiments, science news, 
historical notes, etc.; the journal will contain adver¬ 
tisements from prospective employers, and information 
about opportunities for study and research. 

Interaction with the student and teacher communities 

- A scheme for placement of students with Fellows of 
the Academy for summer research programmes will 
be worked out. A similar programme will be under¬ 
taken for association of motivated college and school 
teachers. 

- A series of Academy seminars will be organized 
involving selected college teachers and promising stu¬ 
dents, on topics chosen with the guidance of Fellows. 

- An extension lecture programme in different regions 
with the cooperation of local colleges will be set up 
under Academy auspices. 

- The Academy will invite selected college and univer¬ 
sity teachers to its annual and mid-year meetings as 
guest participants. 

Link with teaching departments and institutions 

- The Academy will encourage university science depart¬ 
ments and national laboratories to produce brochures 
containing helpful information for the guidance of 
students. 

Contacts with national bodies, agencies, etc. 

- The Academy supports the introduction of a wide 
variety of undergraduate applied science courses, un¬ 
dergraduate science programmes of high quality in 
selected institutions, and Integrated M Sc programmes. 
At least a few of the undergraduate science program¬ 
mes should be run at University Departments where 
postgraduate courses are also conducted, and not only 
at affiliated colleges. The Academy also recommends 
the setting up of Integrated Ph D programmes in 
selected institutions, with a suitable course programme 
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as an integral part. 

- The Academy endorses the need for good M Sc courses 
in different branches of science, similar to the DBT 
programme. 
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The ascent of molecular cardiology 


C. C. Kartha and O. M. Najeeb 


The techniques of molecular biology are increasingly employed to delineate the molecular basis 
of both normal and abnormal cardiovascular function. Thanks to the knowledge gained in these 
realms, remarkable progress has been made in recent years to understand the cellular and 
molecular mechanisms of diseases of the heart and blood vessels. Novel therapeutic options 
are also on the horizon. This article highlights the major advances made in the field of 
molecular cardiology. 


The year 1628 is a milestone in the history of medicine. 
It was then that a physician in St. Bartholomew’s 
Hospital, London, William Harvey, demonstrated the 
function of the heart and circulation of blood using 
quantitative experimental methods. That marked the 
beginning of cardiology. Harvey’s revolutionary ideas 
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did not immediately lead to dramatic changes in either 
the diagnosis or treatment of heart diseases. Three 
hundred years elapsed before a second revolution trans¬ 
formed the practice of cardiology. The golden age in 
the discipline was heralded by the invention of the 
electrocardiogram by William Einthoven. The four 
decades that followed witnessed a technological explosion 
which led to newer diagnostic methods involving 
catheterization techniques and application of the 
ultrasound. In the field of treatment, the invention of 
the heart-lung machine opened up new avenues for the 
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repair of developmental and acquired defects in the 
heart. Non-operative techniques also evolved over the 
years. The use of balloons, laser and rotary drills began 
to dominate the practice of cardiology. 

And now, we are at the threshold of yet another 
revolution. Cardiologists have joined hands with 
molecular biologists to usher in the era of molecular 
cardiology which is rapidly taking a place in the centre- 
stage of medical science. 

Thanks to the joint venture, we have a better under¬ 
standing of the normal and abnormal structure and 
function of the heart at cellular, molecular and genetic 
levels. The knowledge gained is being applied to develop 
novel therapeutic strategies. 

Various reasons contributed to the delay in the ap¬ 
plication of molecular biology techniques in the study 
of the cardiovascular system\ Molecular biologists were 
not initially attracted towards a terminally differentiated 
cell like the myocardial cell which does not proliferate. 
Neither was there a model available to study myocyte 
growth and proliferation, since the heart rarely develops 
tumours. Genetic cardiac diseases were also found 
uninteresting for investigative studies. Another major 
handicap was the non-availability of viable cardiac tissue 
which could provide intact nucleic acids. 

Changing scenario 

Invention of the cardiac bioptome by Konno led to the 
introduction of cardiac biopsy as an investigative tool. 
The biopsied tissue provided the much awaited viable 
material for exploring the molecular basis of diseases 
using techniques like polymerase chain reaction (PCR) 
and in situ nucleic acid hybridization. Nucleic acid 
probes and PCR made diagnosis of disorders such as 
viral infections of the heart sensitive and specific. 

Another important development was the recognition 
that cardiac hypertrophy, an adaptive accompaniment of 
most heart diseases, is an excellent model to unravel 
clues to cardiac growth. 

Developments in molecular biology techniques also 
had their impact. Linkage analysis provided a means to 
identify the chromosomal loci for genetic cardiac dis¬ 
eases. Once the chromosomal locus was identified, it 
also became possible to isolate the disease gene and 
identify the mutation through recombinant DNA techni¬ 
ques. Recombinant DNA techniques also provided oppor¬ 
tunity for delineating structure-function relationships and 
developing specific biomolecules for therapeutic use. 

The advances made in cardiovascular medicine, 
thanks to molecular biology, can be grouped under 
four headings, viz. cardiac function, molecular basis 
of pathologic states, new avenues for treatment and 
animal models. 


Cardiac function 

We have learned a great deal about how the contractile 
function of the heart is regulated. New insights have 
been obtained into the function of adrenergic and mus¬ 
carinic receptors, which form the interface between the 
autonomic nervous system and the cardiovascular sys- 
tem^“^. Earlier, it was not possible to purify these 
receptors, since they were present in small numbers in 
the tissues. Neither could they be characterized. The 
receptors were identified by observing the response to 
agonists and antagonists. Later, the development of 
radioligand assays provided a means to characterize 
them. As ligand affinity chromatography was developed 
and detergents capable of extracting receptor proteins 
were identified, these proteins could be purified, their 
amino acid sequence obtained and DNA probes designed. 
Cloning work ensued and complementary DNA clones 
were obtained for muscarinic and adrenergic receptors. 
It is now possible to investigate the functional role of 
these receptors by artificially expressing the cloned DNA 
in cell lines^. 

The function of these receptors is to detect extracellular 
hormones or neurotransmitters. The information is trans¬ 
mitted across the cell membrane through changes in the 
receptor structure, which is detected by membrane-as¬ 
sociated G proteins. These proteins modify the activity 
of an intracellular enzyme, which in turn influences 
several processes in the cell. 

Several types of G proteins are now recognized. The 
G proteins which are expressed in the heart have been 
identified and incisive studies are being carried out. In 
addition to the presence of G proteins which are either 
stimulatory or inhibitory to adenyl cyclase, there is 
evidence for the existence of Gp that regulates phos¬ 
pholipases in the ventricular tissues of the heart. The 
interactions between the receptors, G proteins and intra¬ 
cellular effector systems which regulate cardiac function 
are yet to be unravelled. 

With respect to molecules which mediate ionic currents 
across the cell menibrane, cDNA encoding cardiac 
sodium and calcium channels have been cloned, expre¬ 
ssed in Xenopus oocytes and their functional properties 
characterized^^ Cloning of cardiac potassium channels 
has also been carried out^. 

Thanks to detailed molecular studies on how the 
chemical energy of ATP hydrolysis is coupled to protein 
confirmational changes and physical alterations of ion 
binding sites, the complex role of ion transport in cell 
physiology is being delineated. Sequencing and 
mutagenic analysis of three cation pump enzymes (cal¬ 
cium ATPase of the sarcoplasmic reticulum, calcium 
ATPase of the plasma membrane and the Na-K ATPase) 
which catalyse the reaction coupling ATP hydrolysis to 
transmembrane movement of cations has helped to 
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improve our understanding of the mechanisms of ion 
transport^°"^^. 

Molecular basis of pathologic states 

Much light has been shed on molecular mechanisms of 
cardiac growth and hypertrophy, cellular basis of hy¬ 
pertension, paracrine and autocrine interactions in 
atherosclerosis and molecular genetics of cardiomyo¬ 
pathies. 

Cardiac growth and myocardial hypertrophy 

Cardiac muscle does not have the capacity to increase 
its mass by division. Adaptive growth is through myocyte 
enlargement, i.e. hypertrophy. Experimental studies in 
animal models and tissue culture systems have revealed 
that hypertrophy is associated with re-expression of a 
substantial subset of ‘foetaP cardiac genes and reap¬ 
pearance of myofilament isoforms associated with 
embryonal contractile apparatusMyosin is the major 
contractile filament in the heart. Molecular cloning and 
sequencing of the a- and (i-myosin heavy-chain genes 
have increased our understanding of the regulation of 
cardiac myosin isoforms in physiological adaptation and 
in clinical disorders^^ 

Myocardial growth is considered to be regulated by 
acidic and basic fibroblast growth factors as well as 
transforming growth factor (i, which are expressed in 
the heart^^’^^. The peptide growth factors selectively 
induce foetal contractile protein genes^^. The trophic 
signals of the growth factors are mediated by proteins 
encoded in cellular oncogenes^^ The expression of a 
number of proto oncogenes, viz. c-fos, c-myc, c-jun and 
ras is identifiable in the heart. 

Thus, there is a better knowledge of the initiating 
events, coupling mechanisms and regulation of gene 
expression in cardiac hypertrophy^^. When we understand 
completely the factors that regulate cardiac growth during 
normal development and cardiac gene expression during 
response to injury, it might be possible to develop 
methods for stimulation of myocyte regeneration after 
cell death as occurs in myocardial infarction. 

Cardiac failure 

Investigations on the molecular basis of the failing heart 
have also made remarkable progress. Selective down- 
regulation of adrenoreceptors, fluctuations in the levels 
of various G proteins and altered membrane ATPase 
gene expression have been observed in the failing 
heart^^"^^. A major cause of altered calcium handling in 
cardiac failure has been identified as alteration, in a 
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gene-specific manner, the expression of mRNAs encoding 
calcium transport proteins of the sarcoplasmic 
reticulum^^. 


Hypertension 

A complex integrated system involving cardiovascular, 
renal and neurohumoral mechanisms is responsible for 
the regulation of blood pressure. The cellular and 
molecular bases of these mechanisms are being 
delineated^^ and the pathogenesis of primary or essential 
hypertension is beginning to be understood. 

The role of the renin-angiotensin system for main¬ 
tenance of normal blood pressure is well documented. 
Renin genes have been cloned and sequenced^^. Detailed 
studies on how various stimuli induce secretion of renin 
have been carried out. Using cultured cells and reporter 
gene approach, interaction between intracellular signal 
transduction pathways and renin mRNA expression and 
secretion has been demonstrated^®. Various components 
of the renin-angiotensin system have been localized in 
tissues employing in situ hybridization histochemistry^^’ 
This would help to elucidate the function of these 
systems, their regulation and role during development 
and in disease states. Another advance is the identification 
and characterization of angiotensin II. Gene structure 
and molecular action of other major peptides such as 
atrial natriuretic peptide and endothelin have also been 
identified. 

Chronic hypertension is characterized by an increase 
in thickness of the arterial wall. The thickening is a 
result of hypertrophy and/or hyperplasia of the smooth 
muscle cells as well as an increase in extracellular 
matrix components'^. In large arteries the predominant 
structural adaptation is hypertrophy, whereas in small 
arteries and arterioles, hyperplasia is observed. Mecha¬ 
nisms that initiate the structural changes involve 
mechanotransduction processes at the level of the en¬ 
dothelial cells lining the blood vessels. Transduction of 
a mechanical event such as a shear stress to the un¬ 
derlying smooth muscles may involve activation of 
electrical signalling mechanisms and release of growth 
factors. It is found that vasoactive agents which modulate 
vascular growth are synthesized by the endothelial 
cells. Autocrine and paracrine mechanisms involved in 
smooth muscle cell replication are being delineated. 

Restriction fragment polymorphisms (RFLPs) technique 
and linkage analysis are used to investigate the genetic 
basis of hypertension^^. DNA probes for known genes 
such as renin, angiotensin, endothelin and atrial 
natriuretic peptide, which are involved in the regulation 
of blood pressure, are used to examine the occurrence 
of RFLPs and their linkage to phenotypic variation in 
blood pressure in large family pedigrees. A polymorphism 
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in the ACE (angiotensin-converting enzyme) gene which 
explains the development of essential' hypertension has 
been identified^^. 

Cardiomyopathies 

To investigate the molecular genetics of a variety of 
inherited cardiomyopathies, the techniques of reverse 
genetics and positional cloning are employed. 

A fatal cardiomyopathy is associated with Duchenne 
and Becker muscular dystrophy, which is an X-linked 
recessive disorder characterized by degeneration of skele¬ 
tal muscle. Dystrophin, a cytoskeletal protein which 
complexes with several membrane glycoproteins and is 
involved in excitation-contraction coupling, is greatly 
reduced in this disease. The gene responsible for the 
myopathy has been localized to the short arm of the 
X-chromosome^^ Mutation in the gene results in either 
complete absence of the protein in the affected muscle 
or in the production of an abnormal protein. 

The genetic locus for hypertrophic cardiomyopathy, 
an autosomal dominant disorder characterized by in¬ 
creased myocardial mass in the interventricular septum, 
has been identified as the gene on chromosome 14 
which codes for cardiac p-myosin heavy chain. Mutations 
in this gene which result in abnormal myosin proteins 
have been detected in patients with hypertrophic car¬ 
diomyopathy. Missense mutations are the predominant 
defects that cause hypertrophic cardiomyopathy^’. Major 
deletions or rearrangements of the cardiac myosin heavy 
chain locus are not responsible in most affected 
individuals. 

Linkage analysis has helped to localize the responsible 
gene in two other cardiomyopathies. Myotonic muscular 
dystrophy, a disease with features of muscular weakness, 
frontal baldness, cataract and dilated cardiomyopathy, 
is found^^ to be linked to chromosome 19q. Long QT 
syndrome has been^^ linked to the short arm of 
chromosome 11. 

It is expected that these findings will help not only 
in the diagnosis of these diseases but also in the 
identification of individuals at risk. They would also 
provide insights into the pathophysiology of these dis¬ 
orders. 

As the molecular genetic basis of muscle diseases of 
the heart is clarified, many questions emerge"”^. Do 
heritable differences in contractile proteins or heritable 
genetic alterations in energy producing enzymes deter¬ 
mine the susceptibility and severity of cardiomyopathy? 

Atherosclerosis 

The last decade witnessed delineation of the cellular 
events that initiate and lead to the characteristic structural 


lesion of atherosclerosis, viz. growth of smooth muscle 
cells in the subendothelial region of the arterial walls. 
Also, several inherited abnormalities in lipid metabolism 
responsible for atherogenesis were identified. 

A variety of specific substances were identified and 
their interactions in atherosclerosis studied^^ These in¬ 
clude vasoactive molecules such as serotonin, endothelin, 
endothelium-derived relaxation factor (EDRF), lipids 
such as thromboxane A 2 and prostacyclin, and large 
protein complexes such as platelet-derived growth factor 
(EDGE) and transforming growth factor (TGF). The role 
of oxidatively modified low-density lipoprotein in en¬ 
dothelial injury and the role of intercellular adhesion 
molecules (ICAM) on the surface of the endothelial 
cells in mediating monocyte attachment and the 
mechanism of the origin of foam cells are better un¬ 
derstood now"^’'"*^. The mechanism of smooth muscle 
replication in atherosclerosis is also better defined. 

A feature of atherosclerosis is the elevated levels of 
low-density lipoprotein (LDL), p very low density 
lipoprotein and lipoprotein (a) in the plasma. The level 
of high density lipoproteins is found to be decreased. 
Recent studies have provided a model for the interaction 
of these lipoproteins with macrophages and for the 
formation of the foam cell"^. 

With respect to dyslipoproteinaemias associated with 
increased risk of development of atherosclerosis, the 
molecular defect is known in one of them, viz. familial 
hypercholesterolemia"^^. The discovery of the LDL recep¬ 
tor, its characterization and localization of the LDL 
receptor gene on chromosome 1 led to the identification 
of specific mutations in patients with this disease. Sixteen 
specific mutations have been categorized into four dif¬ 
ferent classes depending upon whether the precursor for 
LDL receptor is normally or abnormally processed or 
whether the precursor is detectable or not. 

The functional defect in type-III hyperlipoproteinaemia 
has been traced to mutations that result in the expression 
of a functionally defective or deficient Apo E, a ligand 
for the LDL receptor"^^. Considerable knowledge has 
also been gained with respect to the genetics of 
lipoprotein disorders and the structure-function relation¬ 
ship for apolipoprotein genes"^’ "**^. 


New avenues for treatment 

The development of new therapies is related to two 
approaches: (1) targeting molecular processes that are 
causal to disease states and (2) application of recombinant 
DNA techniques to develop drugs for specific use and 
for gene transfer. Gene therapy offers a new approach 
to the treatment of cardiovascular diseases"^^. 

Thanks to the knowledge gained on specific aspects 
of cardiac function, drugs to selectively modify these 
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functions are being developed. The search could lead 
to drugs capable of interacting with adrenergic or mus¬ 
carinic receptors, or those which can enhance or attenuate 
calcium ion transport into cardiac myocytes. 

Novel therapeutic strategies are on the anvil for hyper¬ 
tension. Since cloned cDNAs for each of the components 
of the renin-angiotensin system are available, rational 
design of peptide inhibitors such as peptide-based renin 
inhibitors is possible^^^ 

In the treatment of thrombotic occlusion of arteries, 
a major change has occurred due to increased awareness 
of the molecular biology of the fibrinolytic system^^’^^. 
Studies on the structure-function relationship of the 
proteins involved in fibrinolysis inspired efforts to 
produce genetically engineered proteins with throm¬ 
bolytic properties. Tissue plasminogen activator (tpA), 
urokinase and single-chain urokinase are three drugs 
which are developed using rDNA techniques. Recently, 
deletion and substitution mutants of tpA have been 
produced by site-specific oligonucleotide-directed 
mutagenesis^^ These second generation thrombolytic 
agents have greater fibrin selectivity, greater resistance 
to inactivation and prolonged clearance time. 

Another success is related to the recognition of the 
role of free radicals in producing ischaemic injury. 
Superoxide dismutase, an enzyme involved in free-radical 
degeneration has been developed employing rDNA tech¬ 
niques. 

Gene transfer provides a powerful means to introduce 
new genetic material into the living cells. Recombinant- 
adenovirus holds great promise as vehicles of gene 
delivery for cells of the cardiovascular system^'^’^^ Gene 
transfer technique has been used to genetically modify 
endothelial cells to over-express plasminogen activator 
activity. Engineered cells are also used to coat vascular 
stents which are implanted in blood vessels to maintain 
patency^^. Another application is prevention of smooth 
muscle cell proliferation using antisense oligonucleotides 
to a proto-oncogene c-myZ?, thus paving the way for 
prevention of re-occlusion of the blood vessel after a 
successful mechanical dilatation^^. Direct arterial wall 
and myocardial transfection are also being tried for gene 
delivery^^"^^ 

There is also the possibility that somatic cell gene 

therapy may be used to correct familial hyper- 

cholesterolaemia. In Watanabe heritable hyperlipidemic 

rabbits, it has been demonstrated that cDNA for LDL 

receptor can be transferred into hepatocytes and that 

these genetically modified cells express LDL receptors 
. 62 
in VIVO . 

Animal models 

Animal models which provide excellent means to un¬ 


derstand the pathophysiology of diseases and to test 
newly developed treatment methods are being developed 
using transgenic technology. Either by ablation of the 
causative gene or by over expression of mutant proteins, 
pathogenetic mechanisms of diseases can be elucidated. 

Two approaches are employed for obtaining expression 
of cloned genes in whole animals. One approach is to 
transfer genes into somatic cells. For example, endothelial 
cells removed from the animal are infected with retroviral 
vectors and then returned to the arteries of the host. 
Genes can also be directly transferred by liposome 
mediated transfection or by retroviral infection. 

Another approach is to produce transgenic animals by 
gene injection into a single cell mouse embryo which 
is subsequently reinserted into the mother. Tissues of 
the offspring carry the recombinant genes. 

A promising technique is gene targeting by homologous 
recombination^\ Embryonic stem cells are used for 
transfection in vitro using previously cloned cells. The 
modified stem cells carrying the targeted mutation are 
then injected into the blastocoel cavity of pre-implan¬ 
tation embryo and the blastocyst transferred into the 
uterus of a foster mother. In successive generations, 
both heterozygotes and homozygotes for the mutation 
can be obtained. 

Transgenic animals provide models to evaluate the 
contribution of specific genes to specific disease states. 
Transgenic mouse over expressing the growth hormone 
gene has been used to study the role of the hormone 
in the development of the blood vessef"^. A transgenic 
mouse model is also available for osteogenesis imper¬ 
fecta, an inherited connective tissue disorder of the 
blood vessel wall^^. 

Animal models of genetic hypertension have also been c* 
developed using transgenic technology^^. Transgenic mice; 
harbouring the rat renin or rat angiotensinogen gene 
under the control of a metallothionein promotor have 
been developed. The genes can be activated in these 
animals by administration of the appropriate metal. 

Transgenic mice harbouring human genes implicated 
in the susceptibility or resistance to coronary artery 
disease provide ideal models not only for understanding 
atherogenesis but also for developing gene therapies for 
hypercholesterolemia. Mechanisms of restenosis after 
blood vessel dilatation can also be elucidated using 
these models. ‘Knockout’ mice that lack the gene for 
apolipoprotein E, whose structural or functional defect 
results in Type-III hyperlipoproteinaemia, have been 
established^^. These animals are considered valuable for 
studies on atherosclerosis. 

Another expectation is that a genetic approach would 
advance our present knowledge of developmental defects 
in the cardiovascular system^^ Candidate genes for con¬ 
genital cardiac defects are not well recognized. Once 
they are identified, gene knockouts of the candidate loci 
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would shed light on the connection of specific genes 
with specific defects. A knockout of the Hox 1.5 x 
gene has been shown to result in abnormal cardiovascular 
development^^. In splotch mice, mutations in a homeotic 
gene (Pax-3) are associated with an abnormal com¬ 
munication between the two great vessels of the heart^°. 

An exciting prospect is the use of zebra fish, 
Brachydanio redo as a model to study cardiac develop¬ 
ment^** The heart and blood vessels of the fish resemble 
those of humans in essential features of the primitive 
heart. The species is considered ideal for embryological 
studies because fertilization is external and the embryo 
is transparent. The individual cells of the heart and 
vessels are visible microscopically. The fish can be 
raised in large numbers, grown as clonal lethal free 
lines and is amenable to transgenesis. 

Conclusion 

As molecular abnormalities responsible for defective 
cardiovascular structure and function are understood, the 
therapeutic approach is undergoing a pardigm shift from 
targeting the organ to targeting the molecules. Strategies 
are centred around modification of specific aspects of 
cardiovascular function. 

On the horizon are exciting developments. Somatic 
cell gene therapy holds great promise in inducing the 
growth of the cardiac muscle by switching on appropriate 
growth factors. If this succeeds, the benefit would be 
to patients with cardiomyopathy, in whom the only 
treatment of choice at present is cardiac transplantation. 
Gene transfer to promote angiogenesis may provide an 
alternative to bypass surgery in patients with coronary 
artery disease. 
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Databases in Indian biology: The state of the 
art and prospects 

Vishwas Chav an and D' Chandramohan 

Only 0.85% of the scanned 7500 database titles are related to biology and biotechnology 
developed in India. Of these, 73% are either bibliographic or directory type and the rest are 
textual, numeric or multimedia in nature. This paper reviews the Indian biology and biotechnology 
databases and their relation to international databases on the subject. It highlights their 
limitations and throws more light on their potential for subject experts and information managers 
in the country to build informative and interactive databases. 


The amount of information being generated in the field 
of biology and biotechnology all over the world is 
unprecedented, and its management calls for an efficient 
system of databases. The present paper reviews the 
biology- and biotechnology-oriented Indian databases 
and their relation to the internationally available data 
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titles on the subject; it discusses their shortcomings and 
prospects for database developers, information providers 
and subject experts in creating more informative, 
user-friendly data titles. 

The study 

Detailed information about the international databases 
was gathered through various published and unpublished 
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sources. Searches were also made on databases like the 
10th CDROM edition of the TPFL database, which 
contains information about more than 4600 CDROM 
titles. Information about Indian data titles was gathered 
through a survey of more than 400 major R&D and 
academic institutions of the country. 

Information gathered was managed in a databank 
developed employing dBase in+. This databank contains 
information on various aspects of data titles such as 
acronym, information provider and developer, subject 
and time coverage, update frequency, output mode, 
operating systems, computer and software required, lan¬ 
guages, access policy and prices. 

Databases in biology: A global status 

Of the 7500 databases available worldwide, 75% are 
related to biology and biotechnology, of which more 
than 60% are bibliographic or directory type and the 
rest are numeric, textual, image or multimedia in nature. 
Majority of these databases, with few exceptions are 
available in print, CDROM, tape and online mode. 

These databases cover almost every aspect of biology 
and biotechnology. Though many of them deal with 
specific branches of the biological sciences, few are 
multidisciplinary. Few of the data bases are compilations 
of more than one database, giving broader subject access 
to the user. Along with the environment-sensitive aspects 
of biology, these data titles include aspects like medicine, 
pharmacology, health, hygiene, occupation, agriculture, 
biodiversity and current awareness in the field of biology 
and biotechnology. Though most of them address the 
global need of users, those developed especially in USA, 
UK, Canada, Australia and European countries satisfy 
the local user needs too. Many of the multimedia 
databases in biology discuss the fundamentals in biology 
and thus prove to be a useful tool in teaching. 

Indian biology databases: The facts 

Only 64 (0.85%) of the scanned 7500 database titles 
are related to biology and biotechnology developed in 
India. Out of these 64 Indian biology—biotechnology 
databases, about 73% (47) are bibliographic or directory 
type in nature (Table 1). Only 17 (27%) databases are 
numeric, textual, image or multimedia type (Table 2). 

Majority of these database titles are developed as a 
part of the BTIS Network (Department of Biotechnology, 
Government of India), whereas contribution from other 
networks like ENVIS (Ministry of Environment and 
Forest), SIRNET (Council of Scientific and Industrial 
Research), etc., are marginal in the development of 
widely circulated databases. The only exception is the 
‘Paryavaran Abstract’ of ENVIS. 

Lack of commercial approach in database development 
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leads to non-uniformity in terms of database pattern and 
retrieval programmes. As many bibliographic databases 
are not supported by search and retrieval programmes, 
they are available only in print form. 

Many of the available bibliographic titles cover only 
the information published after 1970. Thus, searching 
older literature by traditional ways takes a lot of time. 
The use of these databases is restricted due to a lack 
of electronic data transfer facility as well as of distributed 
information networks. 

Indian biological databases: Their potential 

A major advantage for the database developers in the 
country is the easily available manpower for data col¬ 
lection and management. Proper deployment of man¬ 
power and coordination with experts can result in 
databases of international standard. 

As majority of the bibliographic titles are developed 
in CDS/ISIS or in dBase, they can easily be brought 
together and compiled subjectwise. Current awareness 
data titles must be developed along with the databases 
providing information about research work, projects com¬ 
pleted, those ongoing and in pipeline in different fields 
of biology and biotechnology. This type of information 
can easily be gathered from various funding agencies 
like ICMR, ICAR, CSER, DBT, DST, DSIR, DOD, 
DoEn, DAE, UGC and many other private organizations. 
It would be very useful if a comprehensive database of 
the available postgraduate, doctoral and postdoctoral 
dissertations and theses can be built, as our universities 
and other institutions contribute significantly through 
such publications. 

More and more subject-specific, interactive, textual, 
numeric, descriptive and multimedia databases need to 
be developed. Database on profiles of subject experts 
involved in various fields of biology and biotechnology 
could be developed. Subject experts have a vital role 
to play in developing such multi-locational-seasonal— 
componental-elemental databanks with data generated 
in ecology and pollutional studies. Databases covering 
aspects of biodiversity and distribution of natural resour¬ 
ces would be of great significance. 

Third World countries have a great potential in in¬ 
formation generation, which has been overlooked or 
ignored until now. International database-generating 
houses in collaboration with appropriate Indian National 
Bodies can jointly take up the task of collating this 
vast and valuable information. 

Databases should be developed for target end-users 
such as specific kinds of patients, farmers, students, 
industries, etc. Databases by National Cancer Institute 
of USA and many other biomedical databases are of 
this type. 

Databases/databanks providing information about the 
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Table 1. Bibliographic, directory databases in Indian biology 


Database title 

Provider 

Subject coverage 

Period 

Geogra¬ 
phic cover 

Output 

mode 

Abstracts of Current 
Literature in 

Toxicology 

Indian Toxicological 
Research Institute, 

Lucknow, India 

Toxicology, pollution, biomedical 
sciences, medicine, environment, 
health, life sciences, chemical sciences 

1984- 

India 

Print 

BTIS-BOSE 

Bioinformatics Centre, 

Bose Institute, Calcutta 

Genetic engineering, biotechnology, 
biological sciences 

1989- 

India 

Floppy, 

print 

Bibliography of Indian 
Agriculture 

Indian Agricultural 

Research Institute, New 
Delhi 

Agricultural sciences, life sciences, 
environment, resources management, 
crop production, pollution 

1944- 

India 

Print 

Bibliography of Indian 
Zoology (BIBLPHY 
INDIAN ZOOL) 

Zoological Survey of 

India, Calcutta 

Zoology, life sciences, pollution, 
environment, conservation, biodiversity 

1958- 

India 

Print 

Biotechnology 

Research Centres 

Address 

Bioinformatics Centre, 
National Environmental 
Engineering Research 
Institute, Nagpur 

Biotechnology, research centre, mailing 
details, contact persons, India 


India 

Floppy, 

print 

Blood of CRI 

Personnel 

Bioinformatics Centre, 
Cancer Research 

Institute, Bombay 

Biomedical sciences, blood, mailing 
details 


India 

Floppy, 

print 

Citrus Tissue Culture 

Bioinformatics Centre, 

Assam Agricultural 
University, Jorhat 

Agricultural sciences, biotechnology, 
tissue culture, citrus 



Floppy, 

print 

Communicable Diseases 

Bioinformatics Centre, 
National Institute of 
Immunology (Nil), New 
Delhi 

Biomedicd sciences, medicine, 
pharmacology, communicable diseases, 
virology, environment, health, safety, 
hygiene, 



Floppy, 

print 

Crystal Structure 

Database 

Bioinformatics Centre, 
Aligarh Muslim 

University, Aligarh 

Biological sciences, crystallography, 
proteins, genetics, biochemistry 

1973- 


Floppy, 

print 

Current Literature on 
the Science of Science 
(CLOSS) 

National Institute of 

Science, Technology & 
Development, New Delhi 

Basic and applied sciences, technology 
and engineering 


India 

Print 

Current Research in 

Plant Sciences 

National Botanical 

Research Institute, 

Lucknow 

Life sciences, biotechnology, 
environment, botany, pollution, 
toxicology, conservation 

1990- 

India 

Floppy, 

print 

DICLIS 

Bioinformatics Centre, 

Indian Institute of 

Science (IISc), Bangalore 

Biological sciences, biotechnology, 
bioinformatics, computer sciences, 
catalog, serials 


India 

Floppy, 

print 

Enzymology Database 

Bioinformatics Centre, 
Aligarh Muslim 

University, Aligarh 

Enzyme kinetics, immunological 
techniques, biomembranes, microbial 
toxins, hormone action, nuclear 
magnetic resonance, complex 
carbohydrate, protein purification 

1983- 


Floppy, 

print 

Fmdpack 

Bioinformatics Centre, 

Indian Veterinary 

Research Institute 
(IVRI), Izatnagar 

Foot diseases, mouth diseases, animal 
sciences, veterinary sciences, live stocks 

1955- 

India 

Floppy, 

print 

Food Technology 

Abstracts 

Central Food 

Technological Research 
Institute (CFTRI), Mysore 

Food sciences, processing technology, 
storage 

1987- 

India 

Print 

Food Science & 
Technology Abstracts 

Central Food 

Technological Research 
Institute (CFTRI), Mysore 

Food sciences, food processing 
technology 

1987- 

India 

Print 

Indian National 
Bibliography 

Central Reference 

Library, Calcutta 

Science & technology, arts & com¬ 
merce, humanities & social sciences 

— 

India 

Print 

Indian Patents in 
Biotechnology 

Patents Division, 

Council of Scientific & 
Industrial Research 
(CSIR), New Delhi 

Life sciences, biotechnology, patents, 

India 

1972- 

India 

’ Floppy, 
print 
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Table 1. {Contd.) 

Geogra- Output 

Database title Provider Subject coverage Period phic cover mode 


Indian Science 

Abstracts 

Indian National 

Scientific Documentation 
Centre (INSDOC), New 
Delhi 

Science & technology, biology, 
physics, electronics, geology, 
geography, biotechnology, life 
sciences, technology, engineering, 
computer sciences 


India 

Floppy, 

print 

Library Database 

Bioinformatics Centre, 

Indian Agricultural 

Research Institute 
(lARI), New Delhi 

Agricultural sciences, food sciences, 
life sciences, biotechnology, India 


India 

Floppy, 

print 

Ligpack 

Bioinformatics Centre, 

Indian Veterinary 

Research Institute 
(IVRI), Izatnagar 

Lignin, biotechnology, animal sciences, 
veterinary sciences, life sciences, live 
stocks 

1955- 

India 

Floppy, 

print 

METHANOG 

Bioinformatics Centre, 

Bose Institute, Calcutta 

Life sciences, biotechnology, 
microbiology, energy resources 

1947- 

India 

Floppy, 

print 

Membrane Biology 3.0 

Bioinformatics Centre, 
University of Delhi, 

South Campus, New 

Delhi 

Life sciences, chemical sciences, 
biochemistry, membrane biology, 
liposome, toxins, immunology 

1975- 

India 

Floppy, 

print 

National Union 

Catalogue of Science 
Serials in India 

Indian National 

Scientific Documentation 
Centre (INSDOC), New 
Delhi 

Science, technology, biology, physics, 
geology, geography, environment, 
electronics, computer sciences 


India 

Print 

Database on 

Agrobacierium 

tumefaciens 

Bioinformatics Centre, 
School of Biological 
Sciences, Madurai 

Life sciences, microbiology, 
agricultural sciences 

— 

— 

Floppy, 

print 

Database on Bacillus 
thuringiensis 

Bioinformatics Centre, 
School of Biological 
Sciences, Madurai 

Life sciences, microbiology, bacteria 



Floppy, 

print 

Database on CRI Staff 
Publications 

Bioinformatics Centre, 
Cancer Research 

Institute, Bombay 

Biomedical sciences, medicine, 
pharmacology, toxicology, pathology, 
cancer, carcinogens, treatment 

— 

India 

Floppy, 

print 

Database on Indian 
Experts in 

Biotechnology 

National Centre for 

Science Information, 

Indian Institute of 

Sciences (IISc), 

Bangalore 

Life sciences, biological sciences, 
experts, biotechnology 


India 

Online, 

floppy, 

print 

Database on Serials of 
Biotechnology in India 

Indian National 

Scientific Documentation 
Centre, New Delhi and 
DBT, New Delhi 

Biological sciences, biotechnology, 
periodicals, books, journals, libraries 


India 

Floppy, 

print 

Database on Theses of 
CRI Students 

Bioinformatics Centre, 
Cancer Research 

Institute, Bombay 

Biological sciences, biomedical 
sciences, medicine, pharmacology, 
cancer, carcinogens, toxic chemicals, 
mutagens, environment, health, 
treatment 


India 

Floppy, 

print 

Directory of 
Biotechnology 

Institutions 

Bioinformatics Centre, 
Biotechnology 

Consortium Ltd., New 

Delhi 

Biological sciences, biotechnology, 

Indian experts 


India 

Floppy, 

print 

Directory of 
Biotechnology 

Resources 

Bioinformatics Centre, 
Biotechnology 

Consortium India Ltd., 

New Delhi 

Life sciences, biotechnology, resource 
persons, India 

■ 

India 

Floppy, 

print 

Directory of NRI 

Experts 

Bioinformatics Centre, 
Biotechnology 

Consortium Ltd., New 

Delhi 

Life sciences, biotechnology, experts, 
non-resident Indians 


■ 

Floppy, 

print 
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Table 1. {Contd.) 


Database title 


Provider 


Subject coverage 


Geogra- Output 

Period phic cover mode 


Environmental 

Biotechnology 

Bioinformatics Centre, 
National Environmental 
Engineering Research 
Institute, Nagpur 

Environment, management, 
conservation, pollution, toxicity, 
engineering, legislation, monitoring, 
quality restoration, resources 
utilization, treatment 

1986- 


Floppy, 

print 

Environmental 
Biotechnology Journal 
Holdings 

Bioinformatics Centre, 
National Environmental 
Engineering Research 
Institute, Nagpur 

Life sciences, pollution, environment, 
journals, periodicals. 



Floppy, 

print 

Enzyme Database 

Bioinformatics Centre, 
Aligarh Muslim 

University, Aligarh 

Life sciences, chemical sciences, 
enzymes, catalyzes, biochemistry 

1983- 


Floppy, 

print 

Oceanline 

National Institute of 
Oceanography (NIO), 

Goa 

Marine sciences, oceanography, 
physics, chemistry, geology, biology, 
remote sensing, natural resources, 
biodiversity, pollution, ecology, 
environment 

1989- 

India 

Print 

Paryavaran Abstracts 

Environmental Sciences 
Information System 
(ENVIS), Ministry of 
Environment and Forest, 

New Delhi 

Life sciences, biology, pollution, 
toxicity, management, conservation, 
biodiversity, environment, protection, 

India 

1984- 

India 

Floppy, 

print 

Patents 

(Vaccines/Immunology) 

Bioinformatics Centre, 
National Institute of 
Immunology (Nil), New 
Delhi 

Biology, life sciences, biotechnology, 
inununology, vaccines, health, patents 



Floppy, 

print 

Plant Tissue Culture 
Database 

Bioinformatics Centre, 

Delhi University, New 

Delhi 

Life sciences, biotechnology, plant, 
tissue culture 

1989- 

Worldwide 

Floppy, 

print 

Pubpack 

Bioinformatics Centre, 

Indian Veterinary 

Research Institute 
(IVRI), Izatnagar 

Veterinary sciences, animal sciences, 
life sciences, India 

1955- 

1990 

India 

Floppy, 

print 

Quick Access 
Biotechnology Project 
Information System 

Bioinformatics Centre, 
National Environmental 
Engineering Research 
Institute (NEERI), Nagpur 

Environment, biotechnology, research 
projects, India 


India 

Floppy, 

print 

REFER A 1.1 

Bioinformatics Centre, 

School of Biological 
Sciences, Madurai 

Biology, environment, rotifera, life 
sciences 

1696- 

1900 

Worldwide 

Floppy, 

print 

Research Profile of 
Biotechnology 

Activities in India 

Biotechnology 

Information System 
(BTIS), Department of 
Biotechnology (DBT), 

New Delhi 

Life sciences, biotechnology, 
institutions, experts, projects, research, 
India 


India 

Online, 

floppy, 

print 

Rumpack 

Bioinformatics Centre, 

Indian Veterinary 

Research Institute 
(IVRI), Izatnagar 

Rumen, bacteria, fungi, protozoa, 
rumen microbiology, animal nutrition, 
animal physiology 

1955- 

1990 

India 

Floppy, 

print 

Sequence Analysis 
Database 

Bioinformatics Centre, 
Aligarh Muslim 

University, Aligarh 

Genetics, sequence analysis, 
biotechnology, amino acids, protein, 
nucleic acid, antigenicity, 
hydrophobicity 

1983- 


Floppy, 

print 

Thespack 

Bioinformatics Centre, 

Indian Veterinary 

Research Institute 
(IVRI), Izatnagar 

Life sciences, veterinary sciences, 
theses 

1955- 

India 

Floppy, 

print 


Note: Dash sign (-) against the year in ‘Period’ column indicates the continuing nature of the database. 
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Table 2. Textual, numeric and multimedia multisubject databases in Indian biology 


Database title 

Provider 

Subject coverage 

Period 

Geographic 

cover 

Output 

mode 

Animal Virus Databank 

Bioinformatics Centre, 
University of Poona, Poona, 
India 

Animal viruses, biological sciences, 
systematics, computer-aided 
identification 

— 

— 

Online, 

floppy, 

print 

Crop Productivity 

Database 

Bioinformatics Centre, 

Indian Agricultural Research 
Institute (lARI), New Delhi 

Agricultural sciences, crop 
production, life sciences, economics 


India 

Floppy, 

print 

Databank on Toxic 
Chemicals 

Indian Toxicological 

Research Institute, Lucknow 

Life sciences, toxicology, 
environment, chemistry, toxic 
chemicals 

1986- 


Print 

Database on 
Carcinogens/Mutagens 

Bioinformatics Centre, 

Cancer Research Institute, 
Bombay 

Biomedical sciences, pharmacology, 
medicine, pathology, health, 
environment, toxicology, cancer, 
carcinogens, mutagens 



Floppy, 

print 

INODC Biological 
Database 

Indian National 

Oceanographic Data Centre 
(INODC), National Institute 
of Oceanography, Goa 

Life sciences, natural living 
resources, biology, oceanography, 
zooplankton, biomass, chlorophyll, 
primary productivity, Indian seas 

1960- 

Indian 

Ocean, 

Arabian 

Sea, Bay 
of Bengal 

Tape, 

floppy, 

print 

Indian National 

Database on Marine 
Biology and Marine 
Biotechnology 

Bioinformatics Centre, 

National Institute of 
Oceanography (NIO), Goa 

Marine biology, biotechnology, 
publications, research projects, 
patents, experts, workshops, 
conferences, India 

1990- 

India 

Floppy, 

print 

Land Use Database 

Bioinformatics Centre, 

Indian Agricultural Research 
Institute (lARI), New Delhi 

Agricultural sciences, land use 
pattern, India . 


India 

Floppy, 

print 

Marine Products 

Database 

Bioinformatics Centre, 

Central Drug Research 

Institute (CDRI), Lucknow 

Natural resources, marine biotic 
resources, India, biological activity, 
environment 

■ 

India 

Floppy, 

print 

Meteorological Database 

Bioinformatics Centre, 

Indian Agricultural Research 
Institute, (lARI), New Delhi 

Agricultural sciences, meteorology, 
climate, atmosphere, India 


India 

Floppy, 

print 

Methanog 2.0 

Bioinformatics Centre, Bose 
Institute 

Methanogenic bacteria, sequences, 
coenzymes, microbiology 

1974- 

India 

Floppy, 

print 

Monoclonal Antibodies 
to Cryptokeratins 

Bioinformatics Centre, 

Cancer Research Institute, 
Bombay 

Cancer, antibodies, biomedical 
sciences, medicine, pharmacology, 
carcinogens 

■ 

■ 

Floppy, 

print 

NIO’s Database on 

Marine Life of India 
(NIODMLI) 

Bioinformatics Centre, 

National Institute of 
Oceanography (NIO), Goa 

Life sciences, oceanography, 
biology, biodiversity, ecology, 
biogeography, economy, utilization, 
conservation, management, 
pollution, taxonomy, biology 


Indian seas 

Floppy, 

print 

Natural Products 

Database 

Bioinformatics Centre, 

Central Drug Research 

Institute (CDRI), Lucknow 

Life sciences, chemical sciences, 
environment, natural biotic 
resources, toxicity, biological activity 

— 

India 

Floppy, 

print 

Rice Germplasni 

Bioinformatics Centre, 

Assam Agricultural 

University, Jorhat 

Agricultural sciences, rice, 
germplasm, crop production 

— 

India 

Floppy, 

print 

SeqPDB 

Bioinformatics Centre, 

Indian Institute of Science 
(IISc), Bangalore 

Genetics, protein sequences, life 
sciences 

— 

— 

Floppy, 

print 

Soils Database 

Bioinformatics Centre, 

Indian Agricultural Research 
Institute (lARI), New Delhi 

Agricultural sciences, soil sciences, 
pollution, productivity, deterioration, 
environment, irrigation, natural 
resources 


India 

Floppy, 

print 

Wet Land 1.0 

Bioinforraatics Centre, Bose 
Institute, Calcutta 

Wetland, environment, life sciences, 
degradation, pollution, use, 
management, abuse, 
socioeconomics, prevention, 
conservation, sustainable 
development 

1977- 

1986 

West 

Bengal, 

India 

Floppy, 

print 


Note: Dash sign (-) against the. year in ‘Period’ column indicates the continuing nature of the database. 
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manufacturers of equipment/technical products such as 
agricultural equipments, fisheries, instruments, biology- 
biotechnology instruments/chemicals, food and scientific 
appliances, etc., need to be developed. 

Usage of the databases can be encouraged by providing 
translation facility from English to vernacular language 
and vice-versa. In fact, in the Indian situation this is 
the most important and appropriate solution towards 
spreading biological knowledge to the community at the 
grass-roots level. 

Our national networking agencies should start develop¬ 
ing databases in areas which have not been touched so 
far and for which an in-depth treatment is lacking in 
global databases. Some of these areas are biostatistics, 
local living resources and chemistry, medicinal and 
aromatic plants, traditional systems of medicine, etc. 
CSIR’s recent collaboration with the IDRC, Canada, to 
develop Asian Information on Health and Environment 
is a step towards this. These conventional STI program¬ 
mes should extend their activities to areas of business 
and financial information as well, by promoting genera¬ 
tion of a whole new set of databases and services that 
the business people also require. 

India has emerged as the frontier nation among the 
Third World countries having its own effective, efficient 
information network. With the setting up of NICNET 
(Network of the National Informatics Centre, New Delhi) 
and its reaching to Taluka level by the end of the 
Eighth Five Year Plan, it would be possible to dissemi¬ 
nate biological knowledge practically to every nook and 
school of the country. In fact, the success of biomedical 
information dissemination using NICNET is highly en¬ 
couraging and databases and databanks related to other 


fields of biology developed within the country can also 
be put on the network. It has been felt that NICNET 
or NICNET-supported BTISNET can play a major role 
in disseminating the information of current interest. 

However, decentralized delivery options such as floppy 
disks, CD ROM and magnetic tapes are still of sig¬ 
nificance in our situation. These would minimize the 
use of telecom services, thereby saving the expenditure 
on online communications. 

Conclusion 

It has been felt that more and more subject-specific, 
textual, numeric, multimedia and interactive databases 
addressing the local, national as well as global needs 
must be developed. Though we need to use online media 
to disseminate these databases, decentralized delivery 
options can also be utilized with advantage in our 
situation. It has become evident from our past experience 
that more and more participation of subject experts and 
collaboration with international database-developing 
houses are a must. Uniform formats for acquisition, 
storage, retrieval and dissemination need to be developed. 
India has great potential in developing more informative 
and interactive subject-specific and broad-ranged 
databases in biology and biotechnology which needs to 
be tapped. 

ACKNOWLEDGEMENTS. We thank the Department of Biotechnol¬ 
ogy, New Delhi, for sponsoring the Biotechnology Information System 
(BTIS) facility at NIO, Goa. Thanks are also due to our colleague 
Dr T. G. Jagtap for his suggestions. We are grateful to the Director, 
NIO, and Dr A. H. Parulekai* for constant support and encouragement. 


REVIEW ARTICLES 


The chemistry of a non-natural product: Troger’s base"^ 

Braja Gopal Bag 

Department of Organic Chemistry, Indian Institute of Science, Bangalore 560 012, India 


Troger’s base was the first amine to be resolved where 
the chirality was solely due to very high inversion 
barrier around nitrogen atom(s). Though the molecule 
was known over a century, work done during the past 
one decade has shown that Troger’s base and its 
analogues could be used as chiral solvating agents, 
DNA-binding ligands and for the construction of 
biomimetic molecular receptors and clathrate hosts. 


*This paper is dedicated to Dr Tarasankar Pal and Dr Anjali Pal, IIT 
Kharagpur, India. 


Asymmetric synthesis of Troger’s base analogues has 
also been achieved recently. Because of the rigid, 
W’-shaped chiral nature of this molecule, there is a 
growing interest for use of this unit in the design of 
potential host systems. This review article focuses on 
the chemistry of Troger’s base along with the possible 
future utilities. 


Over the centuries chemists have tried to understand 
nature. Synthetic organic chemists took it as a challenge 
to synthesize natural products in the laboratory. The 
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last five decades have witnessed the success achieved 
in synthesizing not only natural products with intricate 
structures but also many unnatural or non-natural com¬ 
pounds. But chemists have not stopped just at synthesiz¬ 
ing the compounds in the laboratory; they have also 
designed molecules to ‘perform’ specific tasks. The 
rational design of molecules with defined properties has 
led to the development of supramolecular structures to 
perform chemistry beyond the molecule^. The develop¬ 
ment of supramolecular chemistry has been made possible 
by synthesis of highly organized complex structures with 
predictable functions. This has found applications in 
analytical chemistry, medicinal chemistry, drug design, 
crystal engineering, photoelectronic devices, etc., and 
this aims at understanding the biological processes at a 
molecular level. 

For the design of synthetic receptor molecules with 
predictable three-dimensional structures, many simple 
structural units have been chosen as building blocks. 
Quite often in organic chemistry, molecules or 
phenomena that are known for many years offer new 
opportunities and renewed interest when employed with 
new concepts in mind. Bile acids, Kemp's iriacid, 
Trdger’s base, etc., some of which were known over a 
century, find new interests for applications. The first 
two templates have been reviewed in recent literature* '. 
Tlie purpose of this article is to review briefly the 
chemistry of Troger's base which has developed over 
a century and the possible future utilities employing it. 


Synthesis and stmctiire 

In 1887, Julius Troger\ while reinvestigating the con¬ 
densation reactions of formaldehyde with. aromatic 
amines, found that p-toluidine 1 on condensation v/ith 
methylal in the presence of hydrochloric acid gave a 
product of the molecular formula Cj^HjgN^. He proposed 
a structure of the type 2. However, the structure of this 
compound remained controversial for decades. The cor¬ 
rect connectivity was established by Spielman^ only in 
1935. After careful analysis of the reactivity of the 
product he proposed the structure 3. 

Spielman confirmed the structure by synthesizing it 
from the cyclic precursor 4 by condensing with formal¬ 
dehyde and HCl. This particular compound 3 has become 
known as Troger’s base after the name of the discoverer 
of this reaction. Later, the reaction condition has been 
modified by various workers over a century^’”^ 


MechaBism of formation 

The mechanism of formation of Troger’s base was first 
investigated by Wagner and coworkers^ and by Farrer*°. 
The reaction goes via various intermediates (see 


Scheme 1). Intermediates 5 and 6 form acyclic inter¬ 
mediate 7 in the presence of an acid, which on con- 
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densation with formalin gives 8 via the intermediate 4. 
Compound 9 is formed as a by-product by dehydrogena¬ 
tion of 4 and this becomes the major product in the 
case of electron- withdrawing p-substituents (e.g. halide 
instead of Me). This might be because of the reduction 
of the nucleophilic reactivity of the imino nitrogen^"^^ 
and hence dehydrogenation of 4 to the dihydroquinazoline 
9 becomes the principal reaction. Troger’s base 3 is 
formed by the elimination of water from 8. 

Reactions of Troger’s base 

Even though the name implies that the compound 3 is 
basic (indeed, it is a tertiary base), this has not found 
any application as a base in chemical transformations! 
The pKa of the monoprotonated salt has been determined 
to be 3.2 in 50% aqueous alcohol^^. The reactions of 
Troger’s base have been thoroughly investigated by 
Spielman^ during his structural studies. It does not react 
with sodium and boiling ethanol or with Sn/HCl. It is 
not oxidized by mercuric oxide in ether. Degradation 
with Hl/red-P at lOO^C gives 4-amino-1,3-xylene (10) 
as the single isolable product. Initial refluxing with HI 
followed by reduction with Sn/HCl gives a better yield 
of the reduced product. Reaction with acetic anhydride 
gives diacetyl derivative 11a with the loss of one carbon 
atom in the form of formaldehyde (Scheme 2). Ben- 



3 \ il 

\ 11a: R = COCH 3 

\ ilb: R = COCgHs 

\ 11 c: R = NO 


zoylation with benzoyl chloride gives the correspond¬ 
ing dibenzoylated derivative 11b with a similar loss 
of CHjO. A solution of the hydrochloride salt in 
dilute hydrochloric acid gives the dinitroso derivative 
11c by reaction with sodium nitrite. Alkylation with 
common alkylating agents (e.g. iodomethane, dimethyl 
sulphate, allyl halides, benzyl halides, etc.) gives the 
mono-N-alkylated product 12 (refs. 13, 14). Interest¬ 
ingly, no bis-quaternized product is formed even with 
the use of an excess of the alkylating agent. Salt 12 
opens up in alkaline media to give 13. 

Identification of the first N-containing chiral 
centre to be resolved: Resolution and acidic 
equilibria 

The substituents at a sp^-hybridized trivalent N-atom do 
not lie in the same plane. But in spite of numerous 
efforts, the enantiomers of an asymmetrically substituted 
N-containing compound could not be resolved. This was 
due to the rapid interconversion of the enantiomers at 
room temperature. It was Prelog and Wieland^^ who 
thought that the inversion through N would be made 
difficult or impossible under certain circumstances, e.g. 
by imposing ring strain to the inversion process. They 
thought that Troger’s base, having two asymmetrically 
substituted nitrogen atoms at the branching points of 
the tetracyclic structure, could exist in two different 
spatial forms having mirror image relationships (see 
Figure 1). The vibrations of the N-atoms through the 
plane of the substituents would be hindered for steric 
reasons. One of the rational approaches for the resolution 
was diastereomeric salt formation with chiral acids, e.g., 
10-camphorsulphonic acid. But the partially resolved 
salts were found to racemize in acidic media. Thus, 
attempts made by Prelog and Wieland to separate the 
enantiomers by diastereomeric salt formation were un¬ 
successful. The first success came only by chrom- 
tographic technique using chiral d-lactose column in 
1944 (ref. 15). Thus, Troger’s base appears to be the 
first example of an amine to be resolved, where the 
chirality is solely due to stereogenic N-atom(s) with 
very high inversion barrier around it. The optically pure 
isomer was found to be stable at room temperature and 
could be sublimed without any racemization. 

Racemization of Troger’s base, however, takes place 
in dilute acid solution. It was postulated by Prelog and 
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Wieland that racemization proceeds through the inter¬ 
mediacy of the iminium ion 14 (see Figure 2). From 
the crude racemization data^^ the ACf of racemization 
was estimated to be in the range of 18.9-22.6 kcal/mol 
(ref. 16). This inversion barrier falls in the range of 
the inversion barrier of 5,ll-diacetyl-5,6,ll,12-tetrahydro- 
2,8-dimethyldibenzo-[b,f][l,5]diazocine 15 (ref. 17) which 
is a reasonable model for the iminium species 14, and 
hence supports the above postulate. 

Recently, Greenberg et al^ have investigated the mecha¬ 
nism of acidic equilibria by spectroscopic methods 
They could not detect the presence of the iminium 
species 14 and found evidence for the monoprotonated 
‘closed’ structure 16 in the conditions used by Prelog 
and Wieland. They proposed that 14 might be an in¬ 
termediate present in undetectable amounts. Their in¬ 
vestigation also implied that racemization would be more 
facile in dilute acid rather than in concentrated acid. 


Formation of inclusion compounds and 
molecular recognition 

Troger’s base has a sharply folded geometry. The 
heterocyclic rings are not flat, but each of them with 
an annealated benzene ring approaches the configuration 
of ‘trans-tetralin’^^ The crystal structure of Trbger’s 
base was solved only recently by Larson and Wilcox^^ 
though the structures of Troger’s base analogues were 
known^^. Sucholeiki et al,^ had reported the structures 
of a number of Troger’s base analogues. From these 



14 


studies it is obvious that the planes of the two phenyl 
rings are oriented at approximately right angle (see 
Figure 3). Troger’s base, with its C 2 -symmetry, rigidity 
and sharply folded geometry forming a roof-like ap¬ 
pearance seems favourable for inclusion complex for¬ 
mation. Its ‘V’-shape and conformationally restricted 
nature also makes it useful as an armature for the 
construction of biomimetic molecular systems. 

Inclusion compounds 

Even though Trdger’s base (and its analogues) with 
rigid, concave, C 2 -symmetric structure is expected to 
form inclusion compounds^®, there are not many reports 
in the literature for free Troger’s base analogues forming 
inclusion compounds^\ Interestingly enough, the mono- 
N-alkylated salts of Troger’s base and its analogues 
form inclusion compounds. Haring^"^, in the course of 
his studies with various N-alkylated derivatives of 
Troger’s base, encountered difficulties in the purification 
of N-methyl Troger’s base salt. Weber et al}^ showed 
that this difficulty in purification was due to the formation 
of clathrate compounds. They synthesized a number of 
N-alkylated salts (12a-12c etc, Figure 4) and showed 
that all the quaternary Troger’s base salts studied had 
inclusion properties. These salts have remarkable 
preference for aromatic guest solvents. They also showed 
that alkylation did not alter the basic skeleton much 
except that the angle at the bridging methylene changed 
from 112“ to 109^ The crystal packing diagram of 12b 
(dioxane)o 5 is shown in Figure 5, which clearly reflects 
the clathrate type of inclusion^^. The layer of host 
molecules is composed of pairs of quaternary troger’s 
base units, forming a void for the inclusion of the guest. 
Dioxane molecules are embedded into quasi-chanqels of 
the host matrix. The guest molecules are free of any 
significant interaction, except dispersion forces, with the 
host environment. 

Bond and Scott^^ recently reported clathrate formation 
of a few other alkylated Troger’s base and its derivatives 
(12a, 12d-12f, etc.) and showed that the stoichiometry 
of inclusion varies with increasing chain length. The 
stoichiometry of inclusion with respect to p-xylene is 
shown in Table 1. Increment of the chain length by one 
methylene unit has a larger effect on the inclusion capacity. 





Figorc 2. 


Figure 3. 
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Fig. 4 


12a: R = Me; X = MeSO^' 

12b: R = Me; X = I* 

12c: R - -CH 2 -CH=CH 2 : X = Br 

12d: R = CH 2 CH 3 : X = r 

12c: R » CH 2 CH 2 CH 3 ; X = r 

12f: R = (CH 2)4 (bridging butyl group); X = I' 


Figure 4. 



Figure 5. Perspective view of the molecular packing in 12b 
(dioxane)^ ^ clathrate. H atoms are not shown. Dioxane molecules are 
embedded in the void formed by the pairs of quaternary Troger’s base 
units. Reproduced with permission of the Royal Society of Chemistry. 


Table 1. Stoichiometry of inclusion of p- 
xylene by the N-alkylated Troger’s base 12b 


R 

H 

:G 

Me- 

1 

0.5 

CH 3 CH 2 - 

1 

1 

CH3(CH2)2- 

1 

1.25 


1 

0.75 


H stands for host and G for guest for the inclusion 
complexs. 


"He studies of these groups have established the 
^ ^lentiality of the monoalkylated Troger’s base analogues 
to be a new class of clathrate hosts. Troger’s base 
and its derivatives being chiral, enantioselective guest 
inclusion^"^ by chiral N-alkylated derivatives is yet to 
be explored. 

Molecular recognition 

In the recent years, mimicry of biological processes 


using simpler molecules has been a major area of 
research^^. The gradual drift of organic chemists into 
more bio-oriented research has given rise to sophisticated 
model systems to study the recognition process of sub¬ 
strates by enzymes, antigens by antibodies or messengers 
by their receptors. To design enzyme mimics, initial 
attempts were made towards the synthesis of molecular 
receptors analogous to the substrate-binding site of an 
enzyme. The design of receptors capable of binding 
guest molecules in a predictable way and in a particular 
environment is a challenge. First of all, the designed 
receptor molecule should be easily synthesizable and 
secondly the interacting groups in the host should be 
preorganized^^. The first evidence that enantiopure 
Troger’s base can act as a chiral solvating agent was 
shown by Wilen et al. Wilcox et al. have shown that 
Troger’s base with its unique structural features (see 
above) could be used for the construction of novel 
molecular receptors. The achievement made towards the 
use of this particular ‘V’-shaped structural unit is 
described in the following three sections. 

Chiral solvating agent. Wilen et al}'^ showed that 
enantiopure (+)-3 can act as a chiral solvating agent. 
When a CDCI3 solution of racemic aromatic alcohols 
of the type (|) -CR'R"OH was treated with (+)-3 then 
at least one set of peaks showed anisochrony. This was 
because enantiopure 3 generated intrinsically nonidentical 
chemical shifts in some of the sensor nuclei of the 
diastereomeric complexes that were formed between 3 
and the racemic alcohols. 

Water-soluble cyclophanes. The Troger’s base unit has 
been incorporated into the macrocyclic structures (see 
Figure 6 Oyb). The rigidity of the dibenzodiazocine struc¬ 
tural unit imparts rigidity to the cavity defined by the 
macrocycles. Hosts 17a and 17b are soluble in acidic 
solution and form a lipophilic cavity. Complexation 
studies at pD 1.9±0,1 in D 2 O showed that AG of 
association of these hosts for aromatic guests was in 
the range of 2.1-3.4 kcal/mol (ref. 28). 

For diastereoselective complexation a water-soluble 
chiral cyclophane 18 has been designed^^. The tetra- 
carboxylate host, with a hydrophobic pocket inside the 
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17a: R = H 
17b: R = CH 3 



18 




Figure 6. 


cavity, is soluble in alkaline solution. Complexation 
constant measurements in an alkaline buffer solution 
(pD 9.0) showed association constants of 2500 ± 200 M“^ 
for (-)“menthol 19 and 2000± 200 M"^ for (+)-menthol 
20. The observed differences in binding for enantiomeric 


guests, though small, are unprecedented for small, ali- 
cyclic, sparingly soluble guests in aqueous media. This 
is indicative of intimate receptor-substrate contacts. 
Isomenthol 21, with an axial methyl group, was 
found to complex with comparatively less affinity 
(1000±200 M"^) for steric reasons. 

Hydrogen bonding receptor. Adenine derivatives (e.g. 
22) and cyclic derivatives such as biotin 23 possess 
two hydrogen bond donor-acceptor pairs (Figure 7). A 
host that would be able to interact simultaneously with 
these donor-acceptor pairs is expected to bind these 
guests very strongly. Wilcox^^ and his coworkers have 
designed a receptor 24 based on the Troger’s base 
moiety. The two carboxyl groups intersect at an angle 
of ca. 120*'. The functional groups are well arranged to 
bind 9-alkyl adenine and several cyclic urea derivatives 
by multiple hydrogen bonding. Binding-constant meas¬ 
urements in deuteriochloroform by ‘H-NMR titration 
showed that the host 24 binds with both 9-ethyladenine 
(AT^ = 4.5 ± 1.7 X 10"^ M~^ and biotin methyl ester 
(K^ = 1.7 ± 0.3 X 10"^ M"^) and several other guest molecules 
by multiple hydrogen bonding. The two carboxylic acid 
groups were preorganized for the complexation. 

Thus, based on the unique molecular architecture of 
the Troger’s base unit, host molecules have been designed 
to complex with simpler aliphatic and aromatic 
molecules, including nucleotide bases. This success in 
receptor design would help in extending further the idea 
for the development of artificial enzymes and to develop 
new supramolecular architectures. 



Figure 7. 
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First asymmetric synthesis of the Troger’s 
base unit 

Though resolution of racemic Troger’s base has been 
achieved by chiral column chromatography in 1944 and 
recently by diastereomeric salt formation using strongly 
acidic resolving agent (formally by a second-order asym¬ 
metric transformation)^^, a general method for the asym¬ 
metric synthesis of Troger’s base analogues was 
unknown^^ Two /^-substituted aniline units on cyclization 
gives the Troger’s base skeleton. We thought that if 
the aniline units are attached to a suitable chiral template 
then during the coupling process there might be some 
chiral induction. We chose deoxycholic acid (25), a 
naturally occurring, chiral, bile acid having two hydroxyl 
groups at the 3 and 12 positions with different reactivities. 
Computer modelling studies suggested the feasibility of 
the coupling (see Figure 8). Our strategy is schematically 
shown in Figure 9. 

Though attempted cyclization on the compound 26a 
was unsuccessful in the conventional reaction condition 
(aq. formalin, HCl, ale.), success was achieved in a 


newer reaction condition (CH 2 (OMe) 2 , CH3SO3H, reflux) 
affording a mixture of diastereomers 27a and 28a 
(Scheme 3) in 40% diastereomeric excess (de). Though 
the selectivity was modest, we could demonstrate that 
our design was working. The Troger’s base part could 




Figure 8 . DTMM modelled structure for the Trdger’s base unit (S,S 
at N) on the steroid template. 




^ 29 

o: m = 1. n = 1; b: m = 1, n 2 

c: m = 2, n = 2: d: m •= 1. n “ 3 

e: m = 2, n =* 1; f: m * 3, n = 1 



Scheme 3. 


Figure 9. Schematic representation of coupling on a template. 
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be reductively cleaved from the template affording the 
Troger’s base analogues 29a and 30a (ref. 8). 

One interesting observation was that the minor dia- 
stereomer could be crystallized out in pure form, thus 
enriching the major isomer in the mother liquor. The 
absolute configuration, determined by spectroscopic 
methods for the pure isomer (R, R at N) obtained by 
reductive cleavage of the pure diastereomer 28a, was 
later on shown to be correct by X-ray crystallographic 
studies. 

Storage of optical enrichment 

Another very interesting observation was that, 
diastereomers did not equilibrate in the acidic reaction 
condition though the cleaved isomers did so. This proved 
that the selectivity obtained was under kinetic rather 
than thermodynamic control. Troger’s base is expected 
to be protonated in acidic reaction medium. Based on 
the studies of Prelog and Wieland^^, and Greenberg 
et al.^^ we can postulate that even though the 
monoprotonated species 31 obtained from 27a can open 
up to give the iminium species 32, equilibration with 
28a in the reaction condition is not feasible because of 
the steric constrains of the template unit (see Figure 
10). This observation is also interesting from the fact 
that optical enrichment would remain unaltered in the 
protic nonnucleophilic environment when the Troger’s 
base moiety is attached with the steroid template! 

Asymmetric synthesis of symmetrical/ 
unsymmetrical Troger’s base analogues 

The 3 and 12 hydroxyl groups of the template 
deoxycholic acid have different reactivity (3 > 12)^^. 
This opened up a possibility of synthesizing both sym¬ 
metrical and unsymmetrical Trdger’s base analogues 
29b-f, 30b-f (Scheme 3). As the two diastereomers 
have different orientations in space, the stereoselectivity 
is expected to vary with varying spacer lengths. Indeed, 
by systematic variation of the spacer lengths from the 
steroid template it has recently been shown that with 
a CH 2 spacer from the C-3 side and CH 2 CH 2 spacer 
from the C-12 side, the unsymmetrical Trdger’s base 
29b/30b could be obtained in high yield and stereoselec¬ 
tivity (75% yield and 70% de using yet another method 
of Trdger’s base cyclization: hexamethylenetetramine, 
TFA/heat). As before, this also could be reductively 
cleaved from the template without any loss of optical 
enrichment (unpublished results from this laboratory). 

Thus, asymmetric synthesis of Trdger’s base using a 
chiral template is promising for the synthesis of sym- 
metrical/unsymmetrical analogues. As the two diastereo¬ 
mers 27a/28a have different spatial demands, the 
selectivity could be altered by creating a steric bulk 
from one side. Cholic acid having three suitably positioned 
hydroxyl groups offers an opportunity to study this be¬ 





haviour (see Figure 11 for a schematic representation). 
Preliminary investigations indicate that with a pivaloate 
group at the C-7 position the selectivity could be changed 
(unpublished results from this laboratory). 

Future prospects 

Though Trdger’s base was known for over a century, 
the chemistry of it has flourished mostly during the last 
one decade. A recent preliminary report has shown that 
a phenanthroline-derived Trdger’s base (33) could in¬ 
tercalate DNA^^. Computer-aided design showed that the 
type of compound 34 would have a distance of separation 
between the two suspended aromatic units of about 7 A 
in the close conformation. An aromatic guest could be 
easily incorporated in the host keeping a distance of 
separation of about 3.5 A with the aromatic units (as 
found in DNA double helix)^"^. This seems promising 
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not only for the design of newer host molecules capable 
of binding aromatic guest molecules but also for potential 



33 



34 




Figure 12. 


ligands capable of intercalating with DNA. 

Monoprotonated Troger’s base salt along with two 
suspended positively charged aromatic units of the type 
35 is speculated to bind electron-rich aromatic guest 
molecules because of solvophobic effect and electrostatic 
interaction. 

Troger’s base unit, when attached to the steroid 
template with appropriate spacers, would have multiple 
binding sites (see Figure 12). The chiral host could be 
speculated to have enantiodifferentiation during com- 
plexation. Studies along these lines are in progress in 
this laboratory. 
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Lathyrus sativus: A future pulse crop free of 
neurotoxin 
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Lathyrus sativus is popular among farmers due to its 
ease of cultivation and high climatic adaptability. 
Hovyever, full potential of this crop has not been 
realized due to the presence of a toxin, p-A^-oxalyl-L- 
a,P-diaminopropionic acid (ODAP) which causes a 
paralytic disorder known as neurolathyrism in humans. 
Conventional breeding and selection methods have 
failed to produce varieties free of the neurotoxin. 
Research utilizing recombinant DNA technology and 
tissue culture has been initiated in the recent years to 
produce Lathyrus sativus plants free of neurotoxin. The 
progress in this area of research includes isolation and 
characterization of ODAP-degrading gene from pure 
cultures of bacteria. It offers the scope for introducing 
this gene into L. sativus by -mediated 

transformation. As part of the second approach, 
oxalyl-CoA (coenzyme A) synthetase, which is a key 
enzyme in the biosynthesis of ODAP, has been 
purified and monoclonal antibodies raised against it. 
This can be used to construct antisense gene of this 
enzyme for introducing into L. sativus. Somaclones 
having very low toxin contents have also been 
developed. All these results show the potential of 
producing neurotoxin-free L. sativus plants in the 
near future. 


Lathyrus sativus L., commonly called the chickling 
vetch, is an exceptionally hardy, protein-rich (28-40%) 
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legume crop cultivated in many parts of the world. It 
is popular among the farmers due to its ease of cultivation 
and high climatic adaptability that permits growth even 
under such extreme conditions as drought or water 
logging. All these factors make L. sativus a potentially 
valuable food crop for arid regions of the world. In 
India, it occupies nearly 5,000,000 acres under cultiva¬ 
tion, which is 4% of the total area under pulse crops 
and constitutes 3% of the total pulse production. Madhya 
Pradesh produces more than 50% of the total produce 
in the country^ Besides, it is also cultivated in eastern 
Uttar Pradesh, Maharashtra, Bihar, West Bengal and 
Assam. However, the full potential of L. sativus has 
not been realized since prolonged or excessive consump¬ 
tion of this pulse leads to a paralytic disorder known 
as neurolathyrism or human lathyrism”, caused by a 
neurotoxin. The disease has been documented in a 
number of countries in Europe, Africa and Asia. 
Human lathyrism continues to be a public health 
problem in parts of Bangladesh, China, Ethiopia and 
India. 

The present article reviews the biochemical nature 
and the mode of action of Lathyrus neurotoxin, its 
ocQurrence and synthesis in different plant, parts and 
the methods for removal of the toxin. Finally, the use 
of recombinant DNA technology and tissue culture 
methods in producing the neurotoxin-free L sativus 
plants has been highlighted. 
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Nature of the neurotoxin 

Various attempts have been made to identify the causative 
agent of human lathyrism. The presence of certain 
phenolic compounds^ an excessive quantity of man¬ 
ganese in the seed"^, a water-soluble toxic amine^, an 
excess amount of selenium, which interferes with 
methionine metabolism^, have been attributed by different 
workers as causative factors for lathyrism. Subsequently, 
a toxic amino acid, (3-V-oxalylamino-L-alanine (BOAA), 
was discovered in L. sativus seeds^’*. Later it was 
demonstrated that BOAA (p isomer) exists naturally in 
an isomeric form with the a isomer in 95 : 5 ratio^. 
The neurotoxic effect of BOAA has been demonstrated 
in mice^°, chicks and rhesus monkeys 

Three different names have been suggested for the 
neurotoxin of L. sativus^^. These are p-V-oxalylamino- 
L-alanine (BOAA), P-V-oxalyl-L-a,P-diaminopropionic 
acid (Ox-dapro or ODAP) and L-3-oxalylamino-2-amino- 
propionic acid (OAP). 

Mode of action of the neurotoxin 

Consumption of L, sativus for a period of 3-6 months 
afflicts the nervous system characterized by weakness, 
spasticity of leg muscles and subsequent development 
of lower limb paralysis (Figure 1). Continued ingestion 
of the seed meal can result in convulsions and finally 
death in extreme cases^. The onset of the disease is 
often sudden and the affected person feels difficulty in 
walking. The disease affects mostly young people be¬ 
tween 20 and 29 years of age^"^. 

What are the mechanisms underlying the neurotoxicity 
of ODAP? It has been suggested that ODAP may mimic 
the action of putative excitatory neurotransmitters such 



Figure 1. A man afflicted by neurolathyrism. 
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as glutamic acid and aspartic acid either by directly 
overstimulating the sensitive nerve cells or by inter¬ 
fering with reuptake mechanisms that normally terminate 
neurotransmitter action^*^’^^ Extracellular ODAP may thus 
cause an influx of sodium and chloride into the nerve 
cells and a progressive retention of water that culminates 
in massive intracellular oedema and neuronal degenera¬ 
tion. 

In another study, it was observed that ODAP undergoes 
transamination to produce a keto acid, p-V-oxalyl-L- 
keto-P-aminopyruvate, which inhibits the growth of 
several microorganisms^^. Further, it was shown that 
ODAP interferes with ammonia metabolism and leads 
to chronic ammonia toxicity^*. 

Appearance of neurological symptoms only in young 
animals and not in adults^"* has been explained by a 
hypothesis which suggests the existence of a blood-brain 
barrier to this toxin in adults^^ and its absence in young 
animals^*^. Studies on the effect of ODAP on glutamate 
metabolism revealed it as a stereospecific glutamate 
receptor agonist^^ These investigations. established that 
the amino group of ODAP is involved in causing 
neurotoxin symptoms. 

Occurrence and biosynthesis of the neurotoxin 

The content of neurotoxin varies considerably among 
L. sativus genotypes, ranging from 0.1 to 2.5% by 
weight of tissues^^. Neurotoxin levels also vary in dif¬ 
ferent parts of the plant, with seeds being the greatest 
site of accumulation^. Fluctuations in ODAP concentra¬ 
tion have been reported to occur throughout development, 
with maximum concentration in leaves during vegetative 
growth and in seed embryos during germination^^. Foliar 
spray of micronutrients, especially cobalt and molyb¬ 
denum has been shown to decrease the neurotoxin 
content of the plants^"^. 

A terminal two-step process has been shown to be 
involved in the synthesis of ODAP^^. This involves 
oxalyl activation, followed by the condensation of oxalyl- 
CoA with L-a,P-diaminopropionic acid. The first reaction 
is catalysed by oxalyl-CoA synthetase and the second 
by oxalyl-DAP synthase as shown below: 

(a) Oxalate + ATP + Coenzyme A = Oxalyl-CoA 
+ AMP -f PPi 

(b) Oxalyl-CoA + L-a,p-diaminopropionic acid = 

ODAP + Coenzyme A 

The first enzyme, oxalyl-CoA synthetase, has been 
purified from three-day-old seedlings of L. sativus using 
affinity chromatography and electroelution^^. The enzyme 
has been shown to exist in three forms with molecular 
weights 63.1, 39.3 and 17.7 kDa. The second enzyme, 
ODAP synthase, is yet to be isolated to homogeneity 
and characterized. These two enzyme activities have 
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also been reported in other legume species but do not 
accumulate a significant amount of neurotoxin^^. 

Removal of the neurotoxin 

In spite of several efforts, human lathyrism continues 
to be a public health hazard. Attempts have been made 
to develop practical methods to detoxify L. sativus seeds 
for its safe use^*. These include soaking the dehusked 
seeds overnight and then rejecting the extract. Seed 
roasting at 140*’C for 15-20 min and parboiling have 
also been advocated. The utility of such domestic pro¬ 
cedures could not be adopted on a large scale because 
of practical difficulties. 

As an alternative approach, considerable emphasis has 
been placed on the identification of low ODAP content 
varieties over the last several decades^^’^^. Analysis of 
a large collection of L. sativus seeds revealed^^ wide 
variation in the amount of ODAP, ranging from 0.1 to 
2.5%. Conventional breeding and selection methods have 
resulted in the production of a few varieties with low 
neurotoxin content. However, these varieties do not have 
either good yield or contain other compounds such as 
a,P-diaminobutyric acid^\ Y"Cy^*^oalanine^^, which are 
lathyrogenic. In these varieties, a negative correlation 
has also been observed between the crude protein content 
and ODAP levels^^. To date, no variety has been 
developed that lacks neurotoxin. The development of L. 
sativus cultivar devoid of neurotoxin is, therefore, still 
an important requirement for a fuller exploitation of the 
potential of this crop. To accomplish this goal, three 
well-established biotechnology approaches are being 
undertaken and significant achievements have already 
been attained. These approaches are: (i) insertion and 
expression of the enzyme that degrades the neurotoxin; 
(ii) antisense RNA technology; and (iii) somaclonal 
variations. 

Insertion and expression of the neurotoxin¬ 
degrading enzyme 

Many bacterial genes for xenobiotic degradation have 
originated from strains isolated from contaminated waste 
sites and are often found on plasmids^^ Isolation of 
such strains is essential since laboratory selection can 
speed up this process and provide control unavailable 
under natural conditions. Further, biodegradation in the 
soil may be limited if a complex mixture of xenobiotics 
is present or the pathway is blocked by inhibitors'"^. 
Such difficulties can be overcome by cloning of genes 
for modified enzymes that have useful catabolic proper¬ 
ties such as relaxed substrate specificities or enhanced 
induction capabilities. Alternatively, genetic tools can 
be used to develop specific catabolic pathways for 
degradation of toxic substances by bacteria that can 
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function under a wide range of environmental conditions. 

Exploring these possibilities for degradation of ODAP, 
pure cultures of bacteria have been isolated from soil- 
sludge filtrates^^ (Table 1). One of the isolates having 
highest competency for ODAP degradation has been 
identified as Enterobacter cloacae^\ It has also been 
demonstrated that genetic information for ODAP degrada¬ 
tion is contained on a plasmid (PBYAl) approximately 
40-50 kb in size (Figure 2). Further, cloning of various 
restriction fragments by different enzymes showed 
localization of ODAP-degrading sequences on 3.0 kb 
Notl fragment contained in a 9.7 kb EcoRl fragment^^. 


Table 1. ODAP utilization by sludge-derived cultures 


Time after 
inoculation^ 

^600 

ODAP'’ 

(Hg/ml) 

^600 

ODAP'’ 

(|ig/ml) 

0 

0.00 

200.0 

0.00 

400.00 

6 

0.01 

177.8 

0.06 

356.00 

8 

0.02 

75.7 

— 

— 

12 

0.08 

2.5 

0.17 

Nil 

16 

0.08 

Nil 

0.18 

Nil 

24 

0.09 

Nil 

0.18 

Nil 


^Observations were recorded from cultures during the 
ninth cycle of growth on MF media containing initial 
concentrations of neurotoxin ODAP indicated at Oh. 
’’ODAP concentration remained in the media. 

— MF medium contained per litre 0.05 g K2HPO4, 
0.1 g MgSO^, 0.01 g FeSO^. 

After ref. 35. 



Figure 2. An overlapping restriction map of the ODAP-degrading 
plasmid pBYAl with respect to the restriction enzymes Notl, Kpnl, 
Pstl and Hindlll. 
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Table 2. Purification of oxalyl-CoA synthetase (OCS) from Lathyrus sativus 

seedlings 


Preparation 

Total 

volume 

(ml) 

Total 

activity 

(units) 

Total 

protein 

(mg) 

Specific 

activity 

(units) 

Purification 

fold 

OCS-1 

3.0 

6.15 

0.30 

20.50 

48.8 

OCS-2 

2.0 

6.30 

0.40 

15.75 

37.5 

OCS-3 

2.0 

6.10 

0.56 

10.89 

25.9 

Crude extract 

4.8 

31.20 

73.60 

0.42 

— 


The enzyme was purified using affinity chromatography and electroelution. 
1 Unit = change of 0.1 in absorbance at 540 nm. 

After ref. 26. 


A partial Sau3A library of the plasmid pBYAl in the 
expression vector pUC18 and its screening has shown 
a 1.8 kb fragment responsible for ODAP degradation^^. 
With these findings, it should be possible to introduce 
and express this gene in L. sativus so that the neurotoxin 
is degraded in vivo. 

Antisense RNA technology 

This technique is based on blocking the information 
flow from DNA via RNA to protein, by introducing an 
RNA strand complementary to (part of) the sequences 
of target mRNA. Subsequently, the duplex is either 
degraded or the mRNA is impaired in nuclear processing 
or it is blocked for translation^^. The first report on 
artificial antisense regulation of gene expression in plants 
came from Ecker and Davis^^ who described the effective 
transient inhibition of CAT activity in carrot cell cultures. 

In pursuance of this, oxalyl-CoA synthetase (OCS), 
a key enzyme in the biosynthesis of ODAP^^, has been 
purified from L. sativus seedlings using affinity chro¬ 
matography and electroelution (Table 2). The enzyme 
exists in three forms designated as OCS-1, OCS-2 and 
OCS-3 of molecular weights 63.1, 39.3 and 17.7 kDa, 
respectively. Monoclonal antibodies raised against this 
enzyme^^ can be used for screening of C-DNA library 
of the enzyme OCS in expression vectors. Use of 
antiserum for isolation of the desired genes has been 
reported by many workers^^. Antisense OCS gene can 
be constructed from OCS C-DNA and introduced in L. 
sativus, which would inhibit the biosynthesis of the 
neurotoxin. 

Somaclonal variation 

Somaclonal variation has been exploited by various 
workers for crop improvement. Several varieties showing 
resistance to pathogens and herbicides have been 
developed in a number of crops such as sugarcane"^^, 
potato"^^ and tomato'^^ Somaclonal variation may, there¬ 
fore, be exploited to reduce the toxin content in Lathyrus. 
Following this approach, protocols have been developed 


Table 3. Variation in seed weight and ODAP 
content in leaf and seed of in vitro regenerated 
plants from intemode explant 


Pedigree 

100-seed wt. ODAP (%) 

(g) Leaf Seed 

1-01 

10.1 

0.206 

0.289 

1-02 

7.2 

0.460 

0.445 

1-03 

6.0 

0.133 

0.305 

1-04 

4.8 

0.445 

0.484 

1-05 

9.0 

0.015 

0.086 

1-06 

9.0 

0.031 

0.062 

1-07 

8.3 

0.129 

0.250 

1-08 

5.0 

0.016 

0.031 

1-10 

7.7 

0.308 

0.469 

1-11 

6.5 

0.164 

0.398 

1-12 

7.3 

0.234 

0.539 

1-13 

5.8 

0.016 

0.062 

1-14 

6.5 

0.062 

0.101 

1-15 

7.4 

0.125 

0.539 

1-16 

7.7 

0.156 

0.219 

1-17 

6.8 

0.156 

0.266 

1-18 

10.0 

0.034 

0.086 

1-19 

6.8 

1.109 

0.258 

1-20 

6.5 

0.087 

0.312 

1-21 

9.1 

0.156 

0.351 

1-22 

8.0 

0.021 

0.055 

1-23 

7.8 

0.187 

0.383 

1-24 

7.9 

0.203 

0.453 

1-27 

3.2 

0.150 

0.422 

1-30 

5.3 

0.062 

0.094 

P24 

7.8 

0.258 

0.406 

(parent) 




After ref. 45. 



for in vitro regeneration 

of Lathyrus from leaf^^ and 

root explants of this species. Subsequently, somaclones 

with low toxin 

contents 

have been developed ^ from 

intemode explants of L. 

sativus cv. P24. The toxin 

contents varied 

from 0,015% to 0.46% in leaf and 


0.030% to 0.539% in seed in Rj generation of these 
somaclones, as compared to 0.258% in leaf and 0.406% 
in seed for the parent P24 (Table 3). Mean seed toxin 
content in R 2 generation of some of the somaclones 
varied from 0.039 to 0.057% . 

Conclusion 

Use of recombinant DNA technology and tissue culture 
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methods offer an opportunity to produce neurotoxin-free 
Lathyrus sativus plants. Three approaches are being 
pursued to accomplish this goal: (i) transformation of 
L sativus plants with ODAP-degrading gene; (ii) intro¬ 
duction of antisense gene of oxalyl-CoA synthetase (a 
key enzyme in the biosynthesis of ODAP) in L. sativus; 
(iii) production of L. sativus somaclones containing very 
little or no neurotoxin. Considerable success has been 
achieved through each of these approaches. These include 
isolation and characterization of ODAP-degrading plas¬ 
mid-borne gene from a pure culture of bacteria isolated 
from soil-sludge filtrate. The enzyme oxalyl-CoA syn¬ 
thetase has also been purified and monoclonal antibodies 
raised against it. This can be utilized to construct 
antisense gene of this enzyme. Therefore, now it should 
be possible to introduce either ODAP-degrading gene, 
antisense gene of oxalyl-CoA synthetase, or both, into 
L. sativus by Agarobacterium-mtdi 2 Lttd transformation. 
Such transgenic plants would be totally free of the 
neurotoxin. At the same time, somaclones of L. sativus 
having very little neurotoxin have also been developed. 
But it is yet to be seen whether these plants maintain 
this low level of neurotoxin in their successive genera¬ 
tions. A caution is, however, added that removal of the 
toxin may end up in having a crop which may not 
have the advantage of being as sturdy as it is now. 
Nevertheless, this apprehension should not come in the 
way of the ongoing efforts to make this crop neurotoxin- 
free. 
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Periplasmic fractions of virulent Shigella spp. and 
related enteroinvasive Escherichia coli showed a 
specific ATP hydrolysing activity in the presence of 10 
mM EDTA. Analysis of the reaction products using 
the purified enzyme of 25 kDa, showed that ATP was 
hydrolysed sequentially to ADP and AMP through 
release of inorganic phosphate. The enzyme was, 
therefore, identified as ATP diphosphohydrolase or 
apyrase (EC 3.6.1.5). The apyrase gene {apy) encoded 
hy the megaplasmid of Shigella flexneri 2a was cloned 
and expressed in E. colL Analysis of the expressed 
proteins confirmed that both the ATPase and ADPase 
activities are associated with a single gene product. 
The in vitro catalytic activity of the virulence-associated 
apyrase of Shigella could explain some of the early 
metabolic events that take place following the invasion 
of the host cells by Shigella, viz. a drop in cellular 
ATP level, mitochondrial damage, and general disruption 
of energy metabolism. These results suggest that apyrase 
of Shigella may be a general cytotoxin involved directly 
or indirectly in the actual killing of the host cells. 


Shigella spp. and the enteroinvasive Escherichia coli 
(EIEC) are the causative agents of bacillary dysentery 
in humans. The establishrhent of the disease is a multistep 
process and is the outcome of several intricate biochemi¬ 
cal events. Studies at the microscopic level in conjunction 
with in vitro cell assay systems have allowed dissection 
of the overall process of Shigellosis into a few important 
steps, viz. (a) invasion of colonic epithelial cells by 
phagocytosis; (b) intracellular multiplication and spread 
of the bacteria; and (c) reinfection of the adjacent cells 
by the bacteria. The combination of these events finally 
results in host cell death. The genetic loci determining 
Shigella virulence are located on the chromosome as 

'This work is the outcome of a team effort and the authors’ names 
appear in alphabetical order. 

**For correspondence. 


well as on a 220-230 kb megaplasmid'’Through 
molecular genetic studies, a number of genetic loci have 
been identified whose gene products have been implicated 
in (a) invasion^"^; (b) correct surface presentation of 
invasion plasmid antigens (Ipa)^^; (c) lysis of the phago¬ 
somes^; (d) intra and intercellular spreading phenotypes'®”'^; 
and (e) various positive regulators of vir genes'^”'^. 
Work from this laboratory has revealed that the levels 
of two Ipa’s, viz. IpaC (ref. 5) and IpaB (unpublished) 
are positively regulated during the invasion of colonic 
epithelial cells by Shigella flexneri 2a, indicating the 
close interaction between the host and the bacteria in 
the expression of virulence. 

While all these studies have led to a better overall 
understanding of the establishment of pathogenesis by 
the bacteria, little is known regarding the biochemical 
basis of host killing by Shigella. The role of shiga 
toxin, one of the most potent bacterial toxins, in the 
pathogenesis of Shigella is yet to be clearly established'^. 
In an invasion assay using J774 macrophages, no sig¬ 
nificant difference was observed in the rate of macro¬ 
phage killing by a strain of S. dysenteriae 1 and its 
Tox” mutant'^. On the other hand, a rapid decrease in 
the intracellular concentration of adenosine triphosphate, 
an increase in pyruvate and a decrease in lactate con¬ 
centrations were observed in J774 macrophage cells 
invaded by virulent S. flexneri 5 (ref. 18). These obser¬ 
vations were indicative of a disruption of cellular respira¬ 
tion and fermentation, possibly by a virulence factor 
elaborated by Shigella causing the death of the host cell. 

In this study we have identified and isolated a 
virulence-associated apyrase from S, flexneri 2a which 
hydrolysed nucleoside triphosphates and nucleoside 
diphosphates to their corresponding monophosphates. 
The gene coding for the Shigella apyrase has been 
cloned, sequenced and expressed. The possible role of 
this unique bacterial apyrase in host cell death caused 
by virulent Shigella is discussed. 
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Results 

ATPase activity of Shigella 

Virulent S. flexneri 2a exhibited a specific ATP- 
hydrolysing activity in the presence of 10 mM EDTA. 
The majority (75%) of this activity was recovered in 
the periplasmic fraction after osmotic shock treatment 
of the cells, the rest being in the cytoplasmic fraction. 
The membrane fraction did not show any significant 
level of this activity. Table 1 shows the ATP-hydrolysing 
activity of the periplasmic extract of various species of 
Shigella and E, coli. In 5. flexneri, the activity was 
seen only in the virulent isolate but not in the avirulent 
isolate or the plasmidless strain. Like many other 
virulence-associated properties of Shigella^^, the activity 
was greatly reduced when the virulent bacteria were 
grown at 30“C or at 42“C, the temperatures at which 
Shigella phenotypically behave as avirulent bacteria. The 
enzyme activity was seen in all four virulent species 
of Shigella (S. flexneri, S. dysenteriae, S. sonnei and 
S, boydii) and also in related EIEC but not in normal 
E. colL The enzyme was not secreted into the growth 
medium to any detectable level. 

Purification of the ATPd^e activity from 5, flexneri 
2a and its N-terminal aminb acid sequencing 

A two-step purification scheme was developed to purify 
the enzyme from the periplasmic extract of cells, which 
served as a relatively enriched source of the protein. A 
50-fold enrichment of the protein with a yield of 60% 
was achieved through DEAE-Sephadex A-50 column 
chromatography. The peak enzyme activity eluted bet¬ 
ween 0.3 and 0.35 M NaCl. The peak fractions from 
DEAE-Sephadex A-50 column were pooled and subjected 
to preparative SLS-PAGE. After a quick activity staining 
to localize the protein band of interest, the corresponding 
region of the gel was excised out and the protein 
electroeluted. SDS-PAGE analysis of this protein revealed 


Table 1. ATP-hydrolysing activity of Shigella 
and EIEC 


Organism^ 

Specific activity^ 
(units, rag“^) 

S. flexneri 2a 

0.80 

S. dysenteriae 1 

1.30 

S. sonnei 

1.05 

S. boydii 

0.55 

EIEC 

0.83 

S. flexneri 2a, 30“C 

0.18 

S. flexneri 2a, 42“C 

0.08 

S. flexneri 2a, (avirulent) 

0.14 

S. flexneri 5, (BS176, avirulent) 

0.17 

£. coli K12 

0.17 


^Organisms were grown at 37“C unless stated 
otherwise. 

*^Represent activity in the periplasmic fractions. 


the presence of essential!} single protein band with 
an estimated molecular mass of 25 kDa (Figure 1). When 
the DEAE-Sephadex A-50 fractions were subjected to 
gel filtration through Sephadex G-lOO, the activity eluted 
in a single peak at the position of a globular protein 
about 25 kDa in size (data not shown), suggesting that 
the enzyme in its native state was a monomer. The 
partial N-terminal sequence of the protein was found 
to be LKAEGFLTQQTSPDSLSILP. 


Identity of the protein as ATP diphosphohydrolase 
or apyrase 

Specificity of the purified enzyme from S. flexneri 2a 
with respect to different substrates is shown in Figure 2. 
The protein, when tested for its activity on nucleoside 
triphosphates (NTP), showed no specificity with respect 
to NTPs, the relative activities with respect to ATP 
being 1.5, 1.0 and 0.8 for GTP, CTP and UTP, respec¬ 
tively. It also hydrolysed ADP, but not AMP, though 
at a lower relative rate of 0.16. The enzyme showed a 
significant level of pyrophosphatase activity while 
some acid phosphatase-like activity was detectable 


M 1 2 3 


208k 

116k 

97k 

66k 

45 k 

29k 



Figure 1. Purification of the ATP-hydrolysing activity from the 
periplasmic fraction of S. flexneri 2a. Periplasmic fraction (lane 1), 
DEAE-Sephadex A-50 column-purified fractions (lane 2) and 
electroeluted protein from SLS-PAGE (lane 3) were analysed on 
SDS-PAGE. M, mol. wt. markers. 
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using p-nitrophenyl phosphate (pNPP) as substrate. In 
order to further characterize the enzyme, the reaction 
products of ATP hydrolysis by the purified enzyme 
were analysed by thin-layer chromatography (TLC) (Fig¬ 
ure 3). Through limited hydrolysis of ATP, ADP and 
AMP were detected as reaction products along with 
inorganic phosphate (Pi). When the reaction was allowed 
to go to completion, either by increasing the time of 
the enzyme reaction or by using more enzyme, the only 
product detectable on TLC was AMP. This suggested 
that the enzyme converted ATP to AMP via ADP 
through sequential release of Pi. To further verify if 
both the ATPase and ADPase activities resided on the 
same molecule, a partially purified preparation of the 
enzyme (DEAE-Sephadex A-50 fractions) was subjected 
to polyacrylamide gel electrophoresis followed by activity 
staining with both ATP and ADP as substrates (Figure 4). 
Both activities were found to migrate to identical posi¬ 
tions on gels. Similar results were also obtained (data 



Figure 2. Substrate specificity of the ATP-hydrolysing activity of S. 
flexneri 2a. The ATP hydrolysis rate, which was taken as 1.0, cor¬ 
responds to 400 units mg"^ 


not shown) with a clone containing a 0.9 kb insert of 
S. flexneri 2a megaplasmid DNA having a single open 
reading frame (ORF) that was positive for ATPase 
activity (see below and Figure 5). It appeared, therefore, 
that the 25kDa protein purified from 5. flexneri 2a 
catalysed the hydrolysis of both ATP and ADP to AMP. 
ATP diphosphohydrolase or apyrase (EC 3.6.1.5) is a 
general designation for enzymes that non-specifically 
hydrolyse a- and p-bonds of triphosphonucleosides and 
diphosphonucleosides to yield nucleoside monophosphate 
and Pi. The 25 kDa protein of 5. flexneri 2a was thus 
identified as ATP diphosphohydrolase or apyrase. 


ADP ATP 





Figure 3. TLC of the reaction products of ATP hydrolysis. Purified 
enzyme (8 or 80 mu) was incubated with ATP in the assay mixture 
for 15 or 30nain and the reaction products were analysed on TLC. 
STD, a mixture of pure ATP, ADP and AMP. was run as control. 


Figure 4. Localization of ATPase and ADPase activities. DEAE- 
Sephadex A-50 column-purified fractions were subjected to SLS-PAGE, 
followed by activity staining with ATP or ADP as substrate. 

0.2 kb 

H RV P RIHI H ATPase Activity 



0.7 kb 


Figure 5. Partial restriction map and deletion analysis of pARC25. 
The transformants carrying plasmids with appropriate deletions were 
grown overnight in Luria broth and assayed for ATP-hydrolysing 
activity. H, Hindlll; RV, EcoR V; P, PvmII; R1, EcoRl; HI, Hpal. 
The physical location of the apy gene on the 2.1 )d> cloned Hindtll 
fragment is shown within the arrows. 
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Inhibitors of the apyrase activity 

The fact that the enzyme was active in the presence 
of high concentration of EDTA indicated that it did not 
require divalent metal ions for its activity. On the 
contrary, the activity was inhibited by various divalent 
cations (5 mM) tested: Ba'* (20%) < Ca'^ Mg^*, Mn^^ 
(50%) < (75%) < Cu"* (100%). Of the different 

ATPase inhibitors used, o-vanadate (1 mM) and sodium 
fluoride (5 mM) reduced the activity to less than 5% 
while sodium azide (10 mM) inhibited the enzyme acti¬ 
vity to 40% of its initial value. However, ouabain 
(10 mM) had little effect on the enzyme activity. The 
enzyme had a pH optimum between pH 7.0 and 7.5. 
At pH <5.0 the enzyme was practically inactive while 
at pH >9.5 it was only 10% active. 

Apyrase of Shigella is encoded by a 0.9 kb fragment 
of the megaplasmid DNA 

The absence of ATPase activity in the plasmidless strain 
(BS176) of Shigella suggested that the enzyme was 
coded by the megaplasmid of virulent Shigella. In order 
to isolate the gene coding for the apyrase, the megaplas¬ 
mid DNA of S. flexneri 2a was digested with HindUl 
and cloned into pUC8. After transformation into E. coli 
HBlOl and screening for ATPase activity, one clone 
(pARC25) was isolated having an insert of 2.1 kb. The 
partial restriction map of the clone is given in Figure 5. 
From the 2.1 kb insert a 0.9 kb PvuU-Hindni fragment 
subcloned into M13mpl8 (pARC251) was found to be 
the minimum size of the gene (apy) encoding for the 
apyrase activity (Figure 5). Southern analysis (Figure 6) 


■*-0-95 kb 


1 2 3 


Figure 6. Total DNAs isolated from strain BS176 (lane 1), S. flexneri 
2a (lane 2) and Salmonella typhimurium (lane 3) were digested with 
FvmII and Hindtll and separated on a 0.8% agarose gel. A Southern 
blot of the gel was hybridized with the 0.9 kb Pvull-HindiW fragment. 


of the total DNA from virulent S. flexneri 2a and the 
plasmidless strain (BS176) further confirmed that the 
gene for the apyrase was harboured only by the megaplas¬ 
mid of Shigella. The apyrase purified from the periplas- 
mic extract of both clone pARC25 and pARC251 had 
an apparent size of 25 kDa (data not shown). The 
N-terminal sequence of the protein isolated from the 
clones matched with that of virulent S. flexneri 2a. 


Nucleotide sequence and the derived amino acid 
sequence 


The nucleotide sequence of the 1134 bp region on the 
2.1 kb HindlJi fragment of clone pARC25 was deter¬ 
mined on both the strands (Figure 7). A single ORF 
of 738 bases was found to code for the protein, ending 
at a TAA codon at position 979. The derived amino 
acid sequence showed a perfect match of 20 amino acid 
residues, starting at position 24 from the N-terminal 
methionine, with the N-terminal 20 amino acids of the 
isolated protein deduced by protein sequencing. Thus 
the derived amino acid sequence revealed the presence 
of a 23 amino acids long leader sequence that was not 
present in the mature protein. Since the apyrase was 
isolated from the periplasmic extract of S. flexneri 2a, 
it is apparent that this N-terminal stretch of 23 amino 
acids is the signal sequence essential for the translocation 
of the apyrase into the periplasm of the bacteria. The 
calculated molecular weight of the protein is 25,003, 
which agrees well with its determined molecular mass 
of 25 kDa. The fact that the cloned apyrase gene also 
expressed a periplasmic protein of 25 kDa with the 
identical N-terminal amino acid sequence as that of the 
wild type indicated that the expressed protein was proper¬ 
ly processed and transported in E. coli. 


TC ACAAATCATCATAATCAAQAGACAAAACOATACOAAAAAAT AAOAT AAAAAACATCQTTCTTTT ACC A 7 0 
CATTATTTTCCaTQAATAWAAAAATAATQTTATTACTTTAATATAAOACTATTTTTTQTTTTTCCATCA 140 
CTCTQTTCAAATTTTTCCOCATOACTTQTflTTTTTTaTAATACAOCTCOTTTTTTACAQCTOACCAAAAT 210 
CATCAATTAATTATOCTAAaGAAATAAATTATOAAAACCAAAAACTTTCTTCTTTTTTQTATTOCTACAA 280 
iMKTKNFLLFClAT H 
ATATQATTTTTATCCCCTCAQCAAATOCTCTQAAOOCAOAAOQTTTTCTCACTCAACAAACTTCACCAOA 350 

M 1 F I P S A M A L K A E Q F L T Q Q T S _E_C 

CAOTTTaTCAATACTTCCOCCOCCTCCMfiAOAOAATTCAaTAQTATTTCAOOCTQACAAAQCTCATTAT 420 
S L S I L P PPPAEMSVVFQAOICAHY 
OAATTCOOCCOCTCOCTCCOOQATOCTAATCQTQTACQTCTCOCTAOCQAAOATQCATACTACOAaAATT 490 
EFQRSL80AMRVRLASE0AYYE N F 
TTGOTCTTOCATTTTCAQATOCTTATeOCATOOATATTTCAAOOQAAAATACCCCAATCTTATATCAQTT 560 
GLAFSDAYOMDI8RENTPI LYQ t 
GTTAACACAAOTACTACAOQATAQCCJATaATTAaKXaTOCaTAACQCCAAAaAATATTATAAAAQAGTT 630 
LTQVLQOSHOYAVRNAKEYYKR V 
CQTCCATTC8TTATTTATAAAOACOCAACCTQTACACCTOATAAAQAT8AQAAAATQQCTATCACTGQCT 700 
RPFVIYKOA.TCTPDKOEKWA 1 T G S 
CTTATCCCTCTWITCATOCATCCTTTOQTTOeOCAaTAOCACTQATACTTQCQQAQATTAATCCTCAACG 770 
YPSOHASFQWAVALILAEINPQ R 
TAAAOCQQAAATACTTCQACQTOQATATGAQTTTQQAOAAAQTCQQGTCATCTQCQQTQCQCATTGGCAA 840 
KAEILRRGYEFQESRVICQAHW q 
AGCQATGTAGAOOCTOQOCGTTTAATOGOA aCATCOQTTQTTOCAQTACTTCATAATACACCTOAATTTA 910 
SDV-EAORLMOASVVAVLHNT PE F T 
CCAAAAQCCTTAQCQAAGCCAAAAAAGAQTTTQAAQAATTAAATACTCCTACCAATGAACTQACCCCATA 980 
KSLSEAKKEFEELNTPTNELTP 
AAGCTGQACAGCCTGTATCAQ6CTAT00AQ00CCCATA0ACAAATCTACCCTATATQAQCATAQGAQGAQ 1050 
TCTATGOQCACACCACGTTTTACCCCTQAATTTAAGQOATTACTGOAAAOQCTQQQACATATCCTCCGQC 11 20 
AGAAQCAGAAAAAG 1 1 34 


Figure 7. Partial nucleotide sequence of 2.1 kb DNA fragment from 
pARC25, The deduced amino acid sequence is given below the 
nucleotide sequence. (4) indicates the processing site of the matured 
protein. The N-terminal sequence of apyrase was determined and is 
underlined. The nucleotide sequence was assigned GenBank accession 
number U04539. 
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Similarities of apyrase with proteins in the protein 
database 


The amino acid sequence of apyrase of S. flexneri 2a, 
as deduced from the corresponding DNA sequence, was 
compared with entries in the protein data base containing 
93,343 sequences. Using a standard PAM matrix^^, 
homology search revealed a striking homology between 
apyrase and acid phosphatases from four different orga¬ 
nisms (see Figure 8). With the use of the Needleman- 
Wunsch method'^^ for individual alignment of the four 
sequences with that of the apyrase sequence and using 


1 TRH 57 

M. K. KN11AOXFSLFSLSALMIP. i^GNDATTKPDLYYLKNEQAI DSLKLLPPPPEVGS 

$ ^ . « : t » *** t****t***tM ***$*« 

M. K. KLLAVFCAQAFVSTSVFAAIP. PCM)VTnCPDLYinL!CNSQAl DSL^ 

* $ $ . t* m «:*:;* :|>***<j « 

M.KnCNFlLFCIAT. ,m. IF.. IP.SAKAL. .KABGF.LTQQTSPDSLSILPPPPAEWS 

t ; ♦ : ♦ :* : 

M.K.SRYLVF... .FLPL. IVAKYT.SAEW. .F.HSPEESVNSQFYLPPPPONDD 

« ♦ «:: : : * • J*f_**H 

MI jCVg^I.. OilALTSGVlJ^^SQSVSAHTSICSEPS ♦ 3TYHFHSDPLLYI^PPXSGS 

58 117 

!QFLMX?AMYEKGIMJOTFRG^^a4QADADLAAGGVATAFa}AFOYP^TEl®SPEl 

ILFU^3AMYEKOTJ^flWERG£0A*i©ADLAAGGVANAFSEAFt^ 

^ ^ t* t ^5* * : * i t* 

.FSDAYa«,’>ISRFKTPILYQU 

I ;* 

PAmi^.VFKO'lr Al KOSPP^OAAEDAnVS^®! IAR! FSP^VQAKINP^^TPFTIiMC 
$ # : j ^ : : : : *■ :: t * *ti 

fl^AI!DC<^FNS1RQy^GSTRlALAU}0ACHJHK:A3\liar<yAC^^ 

118 Kfotif A 177 

tW! e)AGDLATRSAKEHYMR! RPFAFVGTErama^ 

zm I EDACmATRSAKmm 1 RPFAFYGVATOriXIXJ£m.SKhS^ YPSGHTA i GfASAL 

$ t t «:## ::*t !**«*♦«♦ | ** 

lt3^^SKDYAVRKAKEyYiClt\1??FVIYKDATGTPDfm£XMAITCSYPSC^ 

j» $$ til « ♦♦ ♦: : ; Jji«£ 

mLmX3mTASA!CKYY!«rrRPFVLe4HSTCRPEDErmieKW3SYPS^ 

CT&f i??pvr>. oinK.wiMmsiQSPFVmTOPICTEKDI^ 

178 SRR _ 237 

VlAEV1^/^AlI]^Y5W^VldGyWSDTOAARI\^AAVATLHSDPAFQAQLA 
** ttt * $*«***t;< tt *t 

Vf^EiNPB^ILKTOYHjGQSRVlCGYIPQSB^IJ^ 

iLAEif«WAEIIi?l«OTroESRVl(X5AH«^DV*EAlC^^ 

ksEAWW^^LAl«?lC?!^Ef^RV!CmfllQSI^^ 

• 5fe # #•.:* t *« ♦«;:«♦♦♦♦ «*«[:♦♦ :| t * »: ♦ : : 

ILAELIP^jy^ lIjQi^ll^SRivcxIAHWFSnVSjAGYIMA SGEIA^ 


238 

KAKQEF..AQ... 

_KS<^ 

{2«) 

M.moTgani 
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Figure 8. Comparison of the deduced amino acid sequence of S. 
flexneri 2a apyrase with the amino acid sequence of the acid phosphatases 
of Morganella morf^amL Pwvideniia stuartii. Salmonella typhimurium 
and Zymomonas mobilis. Single dots represent spacers inserted into 
the sequences for alignment. Identical and similar amino acids are 
represented by stars and double dots, respectively. Regions of maximum 
similarity are boxed. Motif A coiresponds to the consensus ATP-bindine 
sequence as proposed by Walker et ai!^^ and modified by Chin et al,. 


a gap and deletion penalty of 4 and 12, respectively, 
the homology between acid phosphatase of Morganella 
morganii and apyrase was found to be maximum, with 
44% identity over the entire sequence overlap. The 
optimized score for the alignment was 564. The 
similarities between apyrase and the four acid phos¬ 
phatases are indicated in Figure 8. The regions of 
apyrase sequence with strong similarities to the four 
acid phosphatases corresponded to the C-terminal half 
of the molecule, which included a consensus ATP binding 
sequence, (A/G) X X X X (G/A) (K/EI/H) (X) (T/S)^‘, and 
another highly conserved sequence of a stretch of 29 
amino acids, SRH (second region of homology). In 
addition, there was a third conserved region, TRH (third 
region of homology), on the N-terminal half of the 
proteins. Furthermore, the apyrase and the four acid 
phosphatases were similar in molecular size. 

Discussion 

Virulent Shigella possess an enzyme activity that 
catalyses the hydrolysis of NTPs and ADP in vitro, 
with the release of Pi. The purified enzyme also 
hydrolysed PPi at a comparable rate under similar reac¬ 
tion conditions. However, analysis of reaction products 
of ATP hydrolysis confirmed ADP as the intermediate 
product of the reaction and the following reaction 
sequence was established: 

ATP ADP AMP. 

The possibility that the two enzyme activities were 
associated with different proteins was ruled out by the 
fact that the protein purified both from wild type 5. 
flexneri 2a and from the cloned 0.9 kb fragment (having 
a single ORF which coded for a protein of the same 
size and identical N-terminal sequence), catalysed both 
the reactions. Based on these observations, it is concluded 
that the protein isolated from virulent S. flexneri 2a is 
an apyrase. 

Apyrase is expressed in all the four species of Shigella 
and EIEC. Most of this enzyme activity could be 
recovered from the periplasmic fractions of the bacteria. 
The identification of a leader sequence on the apyrase 
gene further confirmed the periplasmic localization of 
the protein in Shigella. Noninvasive E. coli and a host 
of other enteropathogens did not show any significant 
level of this enzyme activity (results not shown). Apyrase 
activity was also absent in a plasmidless (BSi76) and 
a Sereny-negative avirulent isolate of S. flexneri 2a. 
Furthermore, the expression of the enzyme was ther- 
moregulated like many other virulence-associated genes 
of Shigella}^ . Taken together, the above observations 
strongly suggest that the apyrase is one of the many 
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virulence-associated proteins of Shigella, possibly having 
a role in pathogenesis. 

The gene encoding the apyrase has been identified 
on a 2.1 kb HindUl fragment of the megaplasmid of 5. 
flexneri 2a. Many regions of the megaplasmid of Shigella 
associated with the virulence phenotype have been iden¬ 
tified and some of them have been sequenced^"^. The 
sequence reported here does not match any of those 
sequences. 

A search of protein data bases showed significant 
homology of the apyrase sequence with acid phosphatases 
from four different bacterial species, the maximum seque¬ 
nce similarity being with acid phosphatase of M. mor^ 
ganii. Besides the ATP-binding motif and a stretch of 
four proline residues preceded by a leucine at the 
N-terminal end, there is a stretch of 29 amino acids in 
the apyrase sequence (position 181-209), which is nearly 
identical to that of the acid phosphatase sequence of 
M. morganii (position 190-218). When tested for its 
acid phosphatase-like activity, the purified apyrase did 
show phosphatase activity, though the specific activity 
was much less comparecLto its apyrase activity (16|imol 
min“^ mg”‘ vs 420 jimoL inin"^ mg"^)- We also detected 
an acid phosphatase activity in the whole cell of S. 
flexneri 2a which was partly contributed by a different 
gene product, as evidenced by the presence of the 
activity in a plasmidless strain of Shigella. This is also 
the first report of the presence of acid phosphatase 
activity in S. flexneri 2a. It is reasonable to speculate 
that the apyrase gene of Shigdla has evolved from its 
acid phosphatase gene. 

Apyrases were first described in yeast cells by Meyer- 
hoP. Subsequently this enzyme has been identified in 
different plant tissues and also in vertebrates and in¬ 
vertebrates^^’Like other apyrases, the protein isolated 
from S. flexneri 2a hydrolysed all nucleoside triphos¬ 
phates and ADP. The enzyme was inhibited by sodium 
azide and sodium fluoride, a property shared by all 
known apyrases. However, the apyrase from S. flexneri 
2a significantly differed from all other apyrases with 
respect to its requirement for bivalent metal ions. All 
apyrase activities so far described are activated by 
bivalent metal ions^^ such as Ca^"^, Mg^"^, Mn^'*', Co^"^ or 
Zn^^, whereas there was no such requirement for the 
apyrase of virulent Shigella. On the contrary, the Shigella 
apyrase was inhibited to different extents by all the 
above metal ions tested. Direct comparison of the seque¬ 
nce of S. flexneri 2a apyrase with any other apyrases 
is not possible at present because there are no data 
available in the database on any other apyrase sequence. 
However, the apyrase from S. flexneri 2a is much smaller 
in size compared to other apyrases reported in the 
literature. 

The role of apyrases, in general, has been speculative, 
although in blood-sucking arthropods its role seems to 
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be related to its anti-haemostatic activity^^. In the case 
of Shigella, the mechanism(s) by which the bacteria kill 
host cells is (are) poorly understood. Earlier assumptions 
that shiga toxin could be the causative agent for host 
killing seems untenable in the light of recent works^^’^^ 
On the other hand, our findings that virulent Shigella 
possess an apyrase activity raises the possibility that 
this enzyme, upon infection of the host cells by Shigella, 
could cause generalized damage to cellular metabolism 
of the host by nonspecific and rapid hydrolysis of NTPs. 

A sharp drop in the host cellular ATP level has been 
reported in a macrophage cell line following invasion 
by Shigella}^. The periplasmic localization of apyrase 
in Shigella further strengthens this speculation. Apyrases 
have also been shown to block mitochondrial transloca¬ 
tion of proteins^* by virtue of their ability to convert 
nucleoside triphosphates to monophosphates, thereby 
rendering the ATP generation system via adenylate kinase 
ineffective. Structural damage to mitochondria has been 
reported subsequent to the invasion of the host cells by 
Shigella"^. It is plausible that the apyrase of Shigella 
could block protein translocation to host mitochondria 
thereby causing structural damage and impairing 
mitochondrial functions. This conclusion is also consis¬ 
tent with the observation that there is an overall inter¬ 
ference with the energy metabolism of the host cells 
by Shigella very early in the process of infection^®. 

In conclusion, this is the first report of the charac¬ 
terization and isolation of any virulence-associated en¬ 
zyme activity of S. flexneri 2a. The in vitro enzyme 
activity of the protein raises the possibility of the 
molecule being a generalized cytotoxin whose mode of 
action could explain some of the biochemical events 
leading to host killing by Shigella. Further studies are 
needed to establish the role of apyrase in vivo in the 
pathogenesis of Shigella. 

Experimental procedures 

Bacterial strains and growth media 

Shigella strains used in this study were obtained from 
Dr R. Macaden (St John’s Medical College Hospital, 
Bangalore, India) as clinical isolates. The strains were 
subjected to the Sereny test^® and appropriately labelled 
as virulent or avirulent. EIEC strains (types 0413 and 
0152) originally received from the Discipline de 
Microbiologia, Escola Paulista de Medicina, Sao Paulo, 
Brazil, were obtained from Dr R. Macaden. Both Shigella 
and EIEC strains were routinely tested for their ability 
to bind Congo red (Sigma), which was added at a 
concentration of 0.01%. The avirulent strain of S. flexneri 
2a was a clinical isolate that harboured the megaplasmid 
DNA, whose mobility was indistinguishable from that 
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obtained from the virulent strain. The megaplasmidless 
strain of S. flexneri 5 (BS176) was a gift from Dr P. J. 
Sansonetti (Institut Pasteur, Paris, France). Bacteria were 
routinely grown overnight to stationary phase in tryptic 
soy broth (Difco Laboratories). The recombinant clones 
were grown overnight in M9 minimal medium supple¬ 
mented with 0.2% glucose and 0.2% casaminoacids for 
purification of the protein. 

Preparation of periplasniy cytoplasm and membrane 
fractions 

Osmotic shock procedure^^ was employed to prepare the 
periplasmic fractions. Briefly, cell pellets were washed 
twice (10 mM Tris-HCl, pH 7.5, 30 mM NaCl) and 
suspended in 20% sucrose, 10 mM Tris-HCl, pH 7.5 
(1/lOth the volume of culture) at room temperature 
(25'’C). EDTA was added to a final concentration of 1 
mM and the suspension was gently mixed for 10 minutes. 
The cells were harvested (10,000 g for 5 min, 4‘’.C) and 
quickly resuspended in an equal volume of ice cold 
water. After mixing for 10 min at 4*0, the cells were 
removed by centrifugation and the supernatant, which 
represents the osmotic shock fluid, was used as the 
source of periplasmic proteins. Cytoplasmic and 
membrane preparations from osmotic shock-treated cells 
were made as described previously^. 

Enzyme assays 

Apyrase assays with whole cells (0.5 A^qq units), periplas¬ 
mic preparations (5-10 jil) or the purified enzyme (0.01- 
0.02 jig) were routinely done (37*C, 30 min) in 200 pi 
of Tris-HCl, pH 7.5, and 5 mM ATP with 10 mM EDTA. 
Other NTPs and ADP when used were also at 5mM 
concentrations. The reaction was terminated with 
trichloroacetic acid (TCA) (10% w/v) and the Pi released 
was estimated by Chen’s method^^ after diluting the 
reaction mixture or a part of it to 1.0 ml with water. 
One unit of the enzyme corresponds to the liberation 
of 1 pmol of phosphate min"^ mg"^ of protein. Activity 
staining for apyrase in polyacrylamide gel was done by 
incubating the gel (10°C, 30 min) in the assay mixture 
described above. After a quick rinse in water, the colour 
was developed with pre-cooled colouring reagent con¬ 
taining 0.2 N sulphuric acid. As soon as the blue colour 
appeared on the gel corresponding to the location of 
the enzyme, it was placed in water to reduce the 
development of background colour on the gel. For the 
pyrophosphatase assay, the reaction medium was the 
same as that used for the apyrase assay, except that 
the substrate used was sodium pyrophosphate. Acid 
phosphatase (pH 4.9) and alkaline phosphatase (pH 9.8) 
assays were done essentially as described by Pond et 
al.^^ Released Pi was estimated as described above. 
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Analysis of the reaction products 

The reaction products were analysed by TLC on 
polyethyleneimine cellulose sheets (Sigma) with a mix¬ 
ture of isobutyric acid, 13.8 N ammonia and water 
(66 : 1 : 33 v/v) as the solvent. The nucleoside phos¬ 
phates were visualized under short-wavelength ultraviolet. 

Purification and N-terminal sequencing 

Typically, cell pellets obtained from 1.01 of culture 
grown overnight was used to prepare the periplasmic 
fraction. After adjustment of the salt concentration to 
10 mM Tris-HCl, pH 7.5, 100 mM Nad, the periplasmic 
fraction was passed through a DEAE-Sephadex A-50 
column (5.0 ml) equilibrated with the same buffer. The 
column was washed with 50.0 ml of the equilibration 
buffer and eluted with a linear gradient of 0.1-0.5 M 
NaCl in the same equilibration buffer (50.0 ml total 
volume). ATPase-active fractions (2.0 ml) were pooled 
and separated on preparative polyacrylamide gel, using 
the Laemmli system^"^, containing 0.1% sodium lauryl 
sacrosine (Sarkosyl, Sigma) (SLS-PAGE) instead of 
sodium dodecyl sulphate (SDS). The inclusion of 
Sarkosyl in the gel resulted in a better resolution of 
the proteins and it did not inhibit the ATPase activity. 
The enzyme was located by activity staining, the cor¬ 
responding region of the gel was excised out, and the 
protein was electroeluted (25 mM Tris, 190 mM glycine, 
10% glycerol (pH 8.9), 100 mA, 16 h, 4‘'C) to give a 
highly enriched enzyme preparation. For sequence 
analysis, an aliquot of the DEAE-Sephadex A-50 frac¬ 
tions was similarly separated on SLS-PAGE and sub¬ 
jected to activity staining. Proteins from the gel were 
electrophoretically transferred (25 mM Tris, 190 mM 
glycine, pH 8.9, 200 mA, 1 h, 4“C) on to a PVDF 
membrane (Immobilon-P, Millipore) that had been 
marked previously with respect to positions of the 
activity-stained bands on the gel. The membrane was 
stained with amido black, and the protein band within 
the marked area was excised out. One of the excised 
membrane pieces was destained with 1% Tween-80, 
washed with water and then assayed for ATPase activity. 
The rest of the membrane pieces were used as a protein 
source for sequencing using an Applied Biosystems 
Model All A automated protein sequencer. 

Determination of the molecular size 

Enzyme fractions were pooled from a DEAE-Sephadex 
A-50 column and applied on to a 1.3 1 Sephadex G-lOO 
gel filtration column equilibrated with lOmM Tris-HCl, 
pH 7.5, 100 mM NaCl and filtered at a flow rate of 
25 ml/h. The elution of the protein was monitored by 
measuring the ATPase activity. Molecular weight 
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estimation was done by SDS-PAGE. Proteins were esti¬ 
mated by the method of Bradford^^. 

Routine molecular biology 

Megaplasmid DNA isolated from S. flexneri 2a (ref. 
36) was purified through low-melting-point agarose. 
Plasmid DNA was digested with HindHl and a library 
was made in pUC8. Standard cloning procedures and 
DNA experimental techniques were carried out as 
described by Sambrook et al^''. E, coli HBlOl was used 
as the host for transformation. Nucleotide sequences 
were determined using the dideoxy chain termination 
procedure^*, using sequenase (U.S. Biochemicals) on 
both single-stranded Ml3 DNA and on alkali-denatured 
double-stranded DNA^^. Both strands were sequenced 
using universal primers and also with primers synthesized 
along the length of the DNA sequenced using Applied 
Biosystem DNA synthesizer Model 380B. 

Screening of the recombinants for apyrase clone 

The ability of the transformed library to express ATPase 
activity was utilized for the identification and isolation 
of c]one(s) carrying the apyrase gene. A total number 
of 512 individual transformants was grouped into separate 
pools of 16 and assayed for activity with whole cells. 
A single pool showed the ATPase activity. Clones from 
this pool were reassayed individually and one clone 
expressing the ATPase activity was identified. 

Computer analysis of DNA sequence 

A homology search was made in the protein database 
containing 93,343 sequences. This database contains 
NBRF-PIR Release 34, SWISS-PROT Release 25, and 
GBTRAN databases compiled into one protein database 
using the DNASTAR package. A search was performed 
using the standard PAM matrix with a gap penalty of 
3 and deletion penalty of 6. Multialignment for search 
of similarity was done using the multialignment program 
MULTALBM^^ and Dayhoff Matrix"^ with a gap penalty 
of 4. 
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We illustrate how climatological information about 
adverse weather events and meteorological forecasts 
(when available) can be used to decide between alter¬ 
native strategies so as to maximize the long-term 
average returns for rainfed groundnut in semi-arid 
parts of Karnataka. We show that until the skill of the 
forecast, i.e. probability of an adverse event occurring 
when it is forecast, is above a certain threshold, the 
forecast has no impact on the optimum strategy. This 
threshold is determined by the loss in yield due to the 
adverse weather event and the cost of the mitigatory 
measures. For the speciHc case of groundnut, it is 
found that while for combating some pests/diseases, 
climatological information is adequate, for others a 
forecast of sufficient skill would have a significant 
impact on the productivity. 

That the agricultural productivity in our country is 
intimately linked to the vagaries of the monsoon has 
been known for centuries. In fact, the Indian economy 
has been said to be a gamble on the monsoon. The 
most important climatic element for agriculture in the 
tropics is the rainfall. The agricultural productivity 
depends on the total quantum of rainfall received in a 
year/season as well as its distribution within the year. 
The regions most susceptible to inter-year and intra-year 
variability are the semi-arid and arid regions. Manage¬ 
ment practices which take into account the rainfall 
variability over the region of interest are likely to 
generate a substantial increase in the sustained produc- 
tivity\ In addition, if it becomes possible to forecast 
critical events (such as dry or wet spells) and take 
timely preventive measures, we expect a further increase 
in yields. 

From the century-long meteorological data set available 
with the India Meteorological Department, the 
climatological information regarding the probabilities of 
occurrence of the important features of the rainfall 
profile (e.g. wet or dry spells) can be derived. Also, 
with the rapid development of general circulation models 
over the last two decades, it will soon be possible to 
generate reasonable forecasts over the medium range 
(3-10 days) for meteorological subdivisions of India. 
Establishment of the National Centre for Medium-Range 
Weather Forecasting at New Delhi has given major 
thrust to generating such forecasts using the country’s 


first supercomputer. At this stage it is important to 
consider how the climatological information/meteorologi¬ 
cal forecasts can be used for developing optimum crop¬ 
ping and management strategies. It is also necessary to 
spell out how good a forecast should be for it to be 
useful in a particular context. We address these questions 
in this paper. 

To illustrate how climatological information and 
meteorological forecasts can be used to decide between 
alternative strategies, we consider the example of the 
productivity of groundnut in the red sandy soil of 
Karnataka and in the adjoining regions of Andhra 
Pradesh. Agroclimatology of groundnut, an important 
crop of the semi-arid tropics and a major source of 
edible oil, has been extensively studied^. The adverse 
weather events which can lead to a substantial loss in 
the productivity of rainfed groundnut are the dry and 
wet spells. The impact of prolonged dry spells on the 
yields in rainfed farming is well known. However, the 
impact of prolonged wet spells on the pests and diseases 
and on the productivity of the crops has received less 
attention. In fact, remedial measures to combat pests 
and diseases are more readily available to the farmer 
than those required to overcome the adverse effects of 
prolonged dry spells. Virmani^ has suggested that 
effective use of weather and climatological information 
could be of great benefit to the groundnut farmers. 

The adverse weather events promoting some of the 
major pests and diseases, leading to loss of productivity 
in groundnut, the typical losses incurred, as well as 
costs of possible mitigatory measures are discussed in 
the next section. Next we consider how climatological 
information about the adverse weather events, such as 
wet spells, can be used in deciding between alternative 
strategies, and discuss whether better results could be 
obtained with the use of forecasts for the specific season. 
We show that until the skill of forecasting such an 
event, i.e. the probability of correctly forecasting the 
event, is above a certain threshold (which is determined 
by the loss incurred due to the event and costs of 
mitigatory measures), the optimum strategy is the same 
as the one derived from climatological information alone. 
The agricultural situation thus places limits on the 
minimum skill of forecasts. It is shown that for 
groundnuts, the values of the cost-loss ratio involved 
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in measures against different diseases imply different 
strategies of management. A summary of the results 
and the general implications of the analysis are presented 
in the final section. 

Impact of adverse weather events on the produc¬ 
tivity of rainfed groundnut 

We consider here the Chitradurga District of the Kar¬ 
nataka State, which is located in the heart of the rainfed 
groundnut region. This region is characterized by regular 
monocropping of groundnut in vast areas with often the 
same variety, viz. TMV-2 (ref, 3). The crop is generally 
sown in July and harvested towards the end of about 
120 days. This * synchronized sowing leads to uniform 
crop growth stages over large areas and promotes the 
growth of certain epidemic pests and diseases. This 
problem is further accentuated by cultivation of 
groundnut in irrigated lands during summer, which 
implies the presence of host plants throughout the year"^. 
Not surprisingly, the productivity of the rainfed groundnut 
in this region is critically dependent on the incidence 
of pests and diseases^. 

As with other epidemic pests and diseases, the 
organisms are always present at a low level of intensity 
and can multiply rapidly when the weather conditions 
are favourable and the plant susceptible to attack. The 
dry spells promote the incidence of leafminer attacks 
and wet spells that of crown rot, late Tikka disease 
and collar rot. Losses in yields of pods and straw of 
groundnut by pests and diseases are variable, depending 
on the intensity of the attack and the crop growth stage 
during such an attack. Estimates of typical losses in 
yields with incidence of the different pests/diseases 
discussed here and the costs of plant protection measures 
are given in Table 1. 

The main features of the rainfall profile at Chitradurga 
were derived from the daily rainfall data for 1901-90 
supplied by the India Meteorological Department. The 
average rainfall pattern at Chitradurga on the weekly 
scale during April-December is depicted in Figure 1. 
Note the two clear peaks of the weekly rainfall in the 
pre-monsoon season in May and near the end of summer 
monsoon from mid-September to mid-October. The nor¬ 
mal range of variation of rainfall in any week is also 
indicated in Figure 1 by solid bars, which extend from 
the minimum assured rainfall (at 75% probability) to 
the upper limit of rainfall (again for 75% of the years). 
Note that this range of variation extends all the way 
from zero rainfall to about 2-3 cm in May-June and 
again from mid-October to mid-November. The range 
is smaller during July-mid-September but is maximum 
from mid-September to mid-October. The cropping pat¬ 
tern for the region should be tailored for this rainfall 
profile and its variability. 


Given the low average rainfall and high variability 
over this region, a week with 1 or 2 cm of rainfall can 
be considered to be a wet week. The probabilities of 
a wet week with rainfall greater than 1 cm or 2 cm are 
depicted in Figure 2 a. The probabilities of no rain at 
all (0 cm) and of rainfall less than 0.25 cm in a week 
are shown ift Figure 2 b. We find that the probability 
of wet spells is highest for mid-September to mid- 
October, but since the variability is very large in October, 
the probability of dry spells is also not small. 

For defining precisely, in terms of rainfall, what 
constitutes a wet spell that can promote the incidence 
of a specific pest/disease like late Tikka disease or 
crown rot, a detailed knowledge of the relationship of 
the intensity of the attack to the rainfall profile is 
required. In the absence of detailed quantitative infor¬ 
mation we base our definition of a wet spell and dry 
spell on the experience of one of the co-authors (PRS), 
who is also a farmer from this region. We take ati 
intense wet spell to be one in which there is 2 cm or 
more of rainfall in two successive weeks. We take a 
dry spell as one in which there are two successive 
weeks with less than 0.25 cm of rainfall. The probabilities 
of successive weeks with wet/dry spells during the 
growing season July-December are given in Table 2. 
Groundnut is usually sown in July after the occurrence 
of sowing rains, i.e. about 1 cm per week. The probability 
of receiving such rains exceeds 50% in the second week 
of July (Figure 2) and remains high for the rest of the 
month. Generally, sowing is done in the second week 
of July. In Table 2 the different stages of the growth 
of groundnut are depicted assuming this period for 
sowing. 

If a wet spell occurs at the seedling stage, namely 
2-3 weeks after sowing (probability 0.13-0.16 from 
Table 2), waterlogging of the soil can lead to , a high 
incidence of crown rot, causing rotting of young seed¬ 
lings^. Crown rot in groundnut is caused by Aspergillus 
niger, which is a soil pathogen, and is also transmitted 
by the seed. The disease is most severe in light sandy 
soils such as those found in the Chitradurga region. 
The loss in yield due to crown rot at this stage is 
reported as being not very high, about 8-10%, because 
it tends to occur in patches^ However, during certain 
years, such as in 1994, the loss was as high as 30% 
in several fields of this region. The preventive measure 
is cheap, costing only about 10% of a typical loss (Table 1). 

Leafminer Aproaerama modicella, Der. is a major 
pest in the southern and central parts of India. Leafminer 
attacks on the crop cause yellowing and webbing of 
the leaves and leaf drop, resulting in reduction in leaf 
area and considerable loss (Table 1). A dry spell any 
time between the 2nd week of August and first week 
of October can cause rapid multiplication of this pest. 
We see from Table 2 that the probability of a dry spell 
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Table 1. Cost-loss estimates for major pests/diseases 


Disease/pest 

incidence 

Cost of plant protection 
measure 

Typical loss 

Crown rot in 
seedling stage 

Seed treatment by Dithane M-45 

5 g/kg of groundnuts (40 kg 
seeds/acre) at Rs 36/acre 

8 —10%, i.e. 

Rs 320-4(X)/acre 

Late Tikka 
disease 

Bavistein 1.5 g/1 and 2501/acre at 
Rs 345/acre 

30-45%, i.e. 

Rs 1200-1800/acre 

Leafminer in peg 
formation stage 

Two sprays of Chloropyrephas at an 
interval of 15 days at 2 ml/1 using 
2501/acre at Rs 750/acre 

25-92%, i.e. 

Rs 1000-36(X)/acre 


The estimate costs of the protection are based on the present prices of the chemicals 
and labour. 

Typical yield is assumed to be 4 quintals per acre at Rs 1000 per quintal. 


CHITRADURGA WEEKLY RAINFALL DISTRIBUTION 
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WEEKS(begins 1 apr) 


Bar covers above 25% to below 75% of Years 
Line Represents Mean Rainfall 


Figure 1. The mean weekly rainfall in cm at Chitradurga during April-December. For each week the range of variation 
from the minimum assured rainfall at 75% probability to the upper limit of rainfall (again for 75% of the years) is shown 
by a bar. 


varies from 0.02 to 0.15 in this period, being maximum 
in late August and early September, The loss in yield 
is particularly high when the dry spell causes severe 
moisture stress^ If a wet spell occurs any time during 
the attack by leafminer, the population of the pest as 
well as the intensity of the attack decreases\ The costs 
of the remedial measure can be a large fraction, up to 
25% of the loss (Table 1). 

The occurrence of a wet spell during and after the 


pod-filling stage, typically in the last two weeks of 
October (probability 0.21 from Table 2) promotes the 
incidence of the late Tikka disease^. The late Tikka 
disease is caused by Cercospora personata. The disease 
causes black pustules on leaves and stem, reduces the 
leaf area, affects pod-filling and decreases the quantity 
of straw available. The preventive measure involves 
considerable expenditure (Table 1). 

A wet spell at the end of the pod-filling stage - first 
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Table 2. Probabilities of wet and dry spells during different crop growth stages 


Crop growth stages 

Successive weeks 

Probability of wet spell, 
i.e, > 2 cm rain per week 
for both weeks 

Probability of dry spell 
i.e. < 0.25 cm rain per 
week for both weeks 

Sowing 

Jul 1-7 to Jul 8-14 

0.08 

0.08 


Jul 8-14 to Jul 15-21 

0.04 

0.05 

Seedling stage 

Jul 15-21 to Jul 22-28 

0.13 

0.02 


Jul 22-28 to Jul 22-Aug 4 

0.16 

0.00 


Jul 29-Aug 4 to Aug 5-11 

0.10 

0.02 


Aug 5-11 to Aug 12-18 

0.13 

0.05 

Flowering and peg 

Aug 12-18 to Aug 19-25 

0.10 

0.05 

formation stage 

Aug 19-25 to Aug 26-Sep 1 

0.09 

0.05 


Aug 26-Sep 1 to Sep 2-8 

0.10 

0.15 


Sep 2-8 to Sep 9-15 

0.08 

0.10 


Sep 9-15 to Sep 16-22 

0.10 

0.05 


Sep 16-22 to Sep 23-29 

0.31 

0.06 

Pod-filling stage 

Sep 23-29 to Sep 30-Oct 6 

0.23 

; = 0.02 


Sep 3Q-Oct 6 to Oct 7-13 

0.30 

0.07 


Oct 7-13 to Oct 14-20 

0.17 

0.10 


Oct 14-20 to Oct 21-27 

0.21 

0.23 


Oct 21-27 to Oct 28-Nov 3 

0.11 

0.27 


Oct 28-Nov 3 to Nov 4-10 

0.08 

0.36 

Harvest 

Nov 4-10 to Nov 11-17 

0.13 

0.47 


Nov 11-17 to Nov 18-24 

0.06 

0.49 


Nov 18-24 to Nov 25-Dec 1 

0.04 

0.55 


Nov 25-Dec 1 to Dec 2-8 

0.00 

0.66 


Dec 2-8 to Dec 9-15 

0.00 

0.69 


Dec 9-15 to Dec 16-22 

0.00 

0.70 


Dec 16-22 

0.00 

0.83 


or second week of November - can lead to an attack 
of late collar rot (also known as pre-harvest peg, pod 
rot), implying a large loss of up to 35% of the yield^”. 
The probability of such a wet spell is seen to be between 
0.08 and 0.13. The control of the attack at this stage 
requires soil drenching by Dithane M-45. This involves 
a large cost of Rs 1300 per acre, which is comparable 
with the typical loss of about Rs 1400. The protective 
measures are thus prohibitively expensive. We need 
other means of avoiding this attack, such as a choice 
of alternative varieties. In this regard, it is interesting 
to note that before the introduction of the TMV-2, a 
longer-duration variety of groundnut was grown in this 
region. For this variety, the harvesting stage was later 
in the season when the probability of a wet spell is 
extremely low. It may be worthwhile to develop a 
variety for this region (which has a longer rainy season 
than Coimbatore from where the TMV-2 has been 
developed) which combines the advantages of the TMV-2 
(a bunching variety) with those of a longer-duration 
variety (reduced susceptibility to collar rot). 

An effective disease and pest management strategy 
implements appropriate plant protection measures before 
any significant damage is caused to the crop. However, 
decisions regarding taking up (or not taking up) such 
measures are taken by individual farmers. These decisions 


are based on the consideration of cost of the plant 
protection measure to the farmer (which may vary from 
one farmer to another) and the loss likely to be incurred 
if mitigatory measures are not taken. We consider next 
how climatological information and forecasts of adverse 
weather events can be used by the farmer in taking the 
decisions. A practical prescription covering the entire 
season can be obtained only after more elaborate analysis. 
We intend to illustrate here only the theoretical 
framework for making an appropriate decision. For 
simplicity, we discuss in detail the procedure to be 
adopted for a single specific fortnight. 

Choice of strategies on the basis of climatological 
information and meteorological forecasts 

We consider a simple case of choice between two 
alternative strategies - to adopt a remedial measure such 
as application of pesticides (at a cost C) or not adopt 
it and suffer the loss L in productivity, if the adverse 
weather event (for example, a wet spell) occurs. The 
farmer has to decide whether to spray a pesticide or 
not on the basis of climatological information on the 
probability of a wet spell in the period of interest (e.g. 
probability of of 0.16 for July 22 to August 4 from 
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Table 2), and a forecast of whether a wet spell will 
occur (if available). If he chooses to spray the pesticide, 
the cost incurred is C. If he chooses not to, and if a 
wet spell does occur, a loss L, in yield is incurred. We 
take the optimum strategy to be one which maximizes 
the long-term average returns to the farmer by minimizing 
the effective cost, i.e. the cost of remedial measure or 

the expected loss, as the case may be^^'^^. 

Strategies based on climatological information 

Consider first the implications for the strategies on the 
basis of climatological information alone, i.e. on the 
basis of the probability of of a wet spell during the 
critical period. If the farmer decides to spray the 
pesticide, the cost incurred is C. On the other hand, if 
the farmer chooses not to spray, since the probability 
of the wet spell is the expected loss due to the 

occurrence of the wet spell is pJL. Thus, the optimal 

strategy in this case is 

spray the pesticide if C < pJL , 

i.e. if p^ > C/L, 

do not spray if < C/L. 

Strategies based on forecast 

While the methods of forecasting may be diverse (based 
on models of atmospheric circulation or statistical 
models), the skill of the forecast can be assessed using 
three summary statistics, viz. 

Pi- the probability of a wet spell occurring when 
it is forecast, 

Pij-the probability of a wet spell occurring when 
the forecast is for no wet spell, 

Pf - the frequency with which a wet spell is forecast. 

However, these three measures are not independent. 
The probability p^ is related to the climatological prob¬ 
ability p^, the probability p, of correct forecast and the 
probability P(, of incorrect forecast by 

Pw = PfP!+(l (1) 

For models generating an unbiased forecast, we expect 
a wet spell to be forecast on an average as often as it 
occurs, i.e. p^ should be equal to the climatological 
probability p^. 

For any worthwhile forecast, we expect that the prob¬ 
ability of occurrence of a wet spell when a wet spell 
is forecast to be larger than that of the occurrence of 
the wet spell when no wet spell is forecast. Hence, 

Pi > A) • (2) 


Combining (1) and (2) it can be shown that 

Pi > > Po ‘ (3) 

This implies that a worthwhile forecast must be better 
than climatology, which is the traditional wisdom of 
meteorologists. How stringent the conditions on success¬ 
ful and unsuccessful forecasts are depends on the period. 
Thus, for a forecast of rainfall > 2 cm during the first 
week of October, the probability p, of such a wet week 
occurring when it is forecast must be greater than 0.55 
(Figure 2 a); the probability of a wet week occurring 
when no wet week is forecast, p,,, must be less than 
0.55. The condition on p, is less stringent for the first 
and second weeks of September, with only about 20% 
probability of rain of 2 cm or more. However, in that 
case the limit on pj, is more stringent, with an upper 
limit of 0.2. 

Consider first the case when the forecast is for no 
wet spell. Then the wet spell occurs with the probability 
Pi), and if the pesticide is not sprayed, the expected 
deficit due to the incidence of pest is p^L. If the pesticide 
is sprayed, the expenditure is C. Hence, the returns will 
be maximized by choosing a strategy which minimizes 
the effective costs, i.e. min(p(jL, Q. If p^f > C, then 
spraying the pesticide will minimize the effective costs. 
On the other hand, if p^L < C, not spraying the pesticide 
will- maximize the returns. The strategy recommended 
is thus 

if Pq < C/L: do not apply the pesticide, 

if P(, > C/L: apply the pesticide. (4) 

Hence, if p^, > C/L, even though the forecast is for 
no wet spell, the appropriate strategy is to spray the 
pesticide. 

When a wet spell is forecast, analogously the expected 
loss is pjL and the cost of spraying the pesticide is C; 
hence, the returns can be maximized by a strategy which 
implies min(pjL, C). The appropriate strategy is 

if p, < C/L: do not apply the pesticide, 

if Pi > C/L: apply the pesticide. (5) 

Thus, if the probability of a correct forecast is small 
(Pi < C/L), the strategy recommended is not to spray 
pesticide even though a wet spell is forecast. 

Using (3) it is clear that pj < C/L implies 
p^ < C/L, and the strategy recommended by (5) for 
this case is the same as (1), which was obtained 
using climatological information alone. Similarly, from 
(2) Po > C/L implies p^ > C/L. The strategy recom¬ 
mended by (4) for this case is also identical to (1), 
which was obtained from climatological information 
alone. Thus, the use of forecast will yield a different 
strategy, only if 
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Table 3. Cost-loss ratios, appropriate strategies and minimum forecast skill 


Pe.st/ 

disease 

Adverse weather 
event and critical 
period 

(or Pi) 

C 

(Rs/acre) 

L 

(Rs/acre) 

C/L 

Strategy: regard¬ 
ing protective 
measure 

A 

(Rs/acre) 

E* 

(Rs/acre) 

Pi) 

Pi 

Crown 

Wet spell July 22- 

0.16 

36 

320 

0.11 

Adopt 

36 

6 

0.11 

0.16 

rot 

Aug 4 



400 

0.09 




0.09 


Leaf 

Dry spell (1) in a 

0.02 

750 

lOOO 

0.75 

Not 

20-72 

15 

0.005 

0.75 

miner 

specific fortnight 



3600 

0.21 

adopt 



0.015 

0.21 


between mid Aug 











to early Oct 

0,15 





300 

112 

0.044 

0.75 








540 


0.14 

0.21 


(2) In any fortnight 

0.4 

750 

1000 

0.75 

Not 

400 

300 

0.17 

0.75 


in the above period 





adopt 









3600 

0.21 

Adopt 

750 

300 

0.21 

0.4 

Late 

Wet spell last half 

0.21 

345 

1200 

0.29 

Not 

252 

72 

0.17 

0.29 

Tikka 

of October 





adopt 









1800 

0.19 

Adopt 

345 


0.19 

0.21 


Climatological probability of adverse weather event, (w = wet spell; d = dry spell). 
Equivalent cost. 

E* Equivalent cost for a strategy based -on perfect forecast. 

Pjj Upper limit on probability of wrong forecast. 

/?, Lower limit on probability of succe.ssful forecast. 


Pi) ^ C/L, < /?! . ( 6 ) 

For the forecast to have any impact at all on the 
decision between alternative strategies, the probability 
of a wet spell when no wet spell is forecast must be 
less than the cost-loss ratio, which in turn must be 
less than the probability of a wet spell when it is 
forecast. 

For an unbiased forecast, the proportion of time a 
wet spell is forecast, must equal the climatological 
probability p^,. Note that the upper limit of is deter¬ 
mined by (3) and (6). When p^ equals p^, it can be 
shown that (1), (3) and (6) imply 


The expected effective cost in that case will be 

£ = (1 --pf)P(jL+p^.C. 

Note that the loss in yield occurs only with probability 
Pq of the wet spell occurring when no wet spell is 
forecast. Consequently, the effective cost increases with 
increasing p,,, or decreasing pj. The effective cost for 
an unbiased forecast (pj = p^) is given by 

£ = (l~pJp,^+p^C. (8) 

For a perfect forecast (pj = 1, p^j = 0) the above equation 
reduces to 

E^^P^C. (9) 


Po < 


Pw 

i “P. 


r 

I 

V 



for p^ < C/L, 


p,j < C/L, 


for p^ > C/L . 


(7) 


The corresponding lower limits on the probability of 
successful forecasts p, are simply that p, be larger than 
the largest of p^ and C/L . As pointed out earlier, the 
limits on p^ and p, are not independent. However, we 
have specified both so that it is easy to assess which 
of them is more stringent in a given case. 


If the strategy were chosen on the basis of climatologi¬ 
cal information alone, the expected effective cost, 
is 


= pJ. for p^ < C/L, 

= C forp^>C/L. (10) 

The value of the forecast, V, can be defined as the 
difference between the effective cost E and the effective 
cost E^, viz. 

V = E^-E. 


Value of forecast 

For Po and Pj obeying (6), equations (4) and (5) imply 
that pesticide should only be applied when a wet spell 
is forecast and not when a wet spell is not forecast. 


Using (7) and (10) we get 

K = L (1 -pJ (C/L -po) for C/L < p^ , 

- L (p, -Pod ) -P.C/L) for C/L > p^ . (11) 

It can be seen that for any C and L, the value V 
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increases as Pq decreases (i.e. increases). For a given 
the value increases with C/L until C/L equals the 
climatological probability and decreases for further 
increases in C/L. 

Implications for the case of groundnut 

We consider here the implications of the above analysis 
for the choice of strategies for combating the three 
pests/diseases discussed earlier in rainfed groundnut. On 
the basis of the typical costs, losses for each pest/disease 
(Table 1) and the climatological probabilities of the 
adverse weather event in the critical periods, the strategy 
to be adopted when only climatological information is 
available as well as the limits on the skill of the forecast 
are given in Table 3. 

Note that when a forecast of skill high enough to 
have an impact on strategy (i.e. when (3) and (6) are 
satisfied) is available, the strategy is to adopt the protec¬ 
tive measure when an adverse event is forecast and not 
adopt it when it is not forecast. The critical periods 
mentioned in Table 2 are based on the assumption that 
sowing is done in the second week of July. Depending 
on the actual time of sowing in a given season, these 
periods may shift a little. In that event the value of 
the climatological probabilities of the adverse weather 
events have to be revised using Table 1. 

The first case considered is of crown rot due to a 
wet spell occurring 2-3 weeks after sowing. As the 
climatological probability of the wet spell, during 
the critical period is higher than the cost-loss ratio, if 
only climatological information were available then the 
strategy should be to adopt the protective measure. The 
protective measure is cheap, being less than 1% of the 
returns. Although the equivalent cost may be reduced 
considerably by using a forecast, this gain is not much 
in terms of the money saved. Also, the condition on 
the probability of wrong forecast is so stringent that 
when the forecast is for no wet spell, the probability 
of a wet spell occurring, pg, should be less than 9%. 
This is a case when the strategy based on climatological 
information is adequate; the condition on the allowable 
error in forecast is too stringent and returns too low to 
make the forecasting worthwhile. 

Consider next the case of the leafminer attack, which 
is favoured by the occurrence of a dry spell any time 
between August and October. The probabilities of such 
a spell occurring in a specific fortnight in this period 
range; from 0.02 to 0.15 (Table 2). We consider the 
strategies for the two limits of this range of p^ in Table 
3. Here the entire range of cost-loss ratios is above 
that of the climatological probabilities p^ and the strategy 
based on climatological information alone is not to adopt 
the protective measure. Again, while the returns are 
greater if forecasts are used, the allowable limit for 


wrong forecasts, i.e. for Pq, is perhaps far too stringent 
to make skillful forecasts which can have a significant 
impact. We note, however, that in these cases, although 
on an average the farmer’s returns are maximized by 
adopting the optimum strategy, when an intense attack 
occurs the losses suffered are high. In such situations, 
a strategy which minimizes the maximum losses (mini¬ 
max) may be more appropriate. However, in this paper 
we restrict our attention to determining strategies that 
maximize the average returns and leave alternative opti¬ 
mization to future studies. 

There is another important point about a leafminer 
attack. Although the probabilities for a dry spell within 
a specific fortnight during August-October range from 
0.02 to 0.15, we find the probability of at least one 
such dry spell during this period to be 0.40, which is 
high. Thus, the average loss expected if no protective 
measure is adopted is high; the impact of a skillful 
forecast of a dry spell - perhaps based on conditional 
statistics, i.e. using the rainfall profile in the season 
up to that point, would be more than that assessed 
in Table 2. 

In the case of late Tikka, depending upon the cost-loss 
ratio, the strategy based on climatological information 
changes from one in which the protective measure is 
not adopted to one in which it is. Since C/L varies 
from values less than p^ to values in excess of the 
value of the forecast is very high in this case. If a 
forecast of sufficient skill can be generated, the returns 
to the farmer can increase substantially as the losses 
are high. 

We find, therefore, that a significant impact on produc¬ 
tivity of groundnut is possible by forecasts of the wet 
spell during the critical period for the late Tikka disease. 
If reliable forecasts for a dry spell in the fortnight 
ahead, during August-October, are available, then con¬ 
siderable loss due to a leafminer attack could be avoided. 
On the other hand, forecasts are not likely to have any 
impact for prevention of crown rot. 

Summary and conclusions 

We have attempted to show how the nature of the 
forecast required, and the minimum skill of the forecast, 
depends upon the agricultural system, using the example 
of rainfed groundnut in semi-arid parts of Karnataka. 
We find that for certain purposes (e.g. combating crown 
rot at seedling stage), climatological information on the 
variability of the adverse weather events may be ade¬ 
quate; forecast is unlikely to have a significant impact. 
But for others (such as late Tikka) substantial loss can 
be prevented if forecasts of adequate skill are available. 
An analysis of cost-loss ratio and the minimum skill 
of forecast can also point out cases (such as avoidance 
of collar rot at pod-filling stage) where neither 
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climatological information nor forecasting is likely to 
be useful. For such cases, alternative varieties or cropping 
patterns, better suited to the climatic pattern, may have 
to be adopted or developed. 

A detailed analysis of every cropping system which 
is sensitive to fluctuations in climate is required for 
identification of the nature of those weather/climate 
events which have a large impact on productivity. To 
assess the impact of dry spells more realistically, the 
studies will need to incorporate realistic hydrological 
models which yield soil moisture as a function of the 
climate variables and detailed crop physiological models. 
This will require concerted efforts by genuinely inter¬ 
disciplinary groups. 
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Landscape ecological analysis of a disturbance 
gradient using geographic information 
system in the Madhav National Park, 
Madhya Pradesh 

Shirish A. Ravan and P. S. Roy 

Forestiy and Ecology Division, Indian Institute of Remote Sensing (NRSA), 4, Kalidas Road, Dehradun 248 001, India 


The Madhav National Park, due to its unique location 
(nearest to any township), is under tremendous pres¬ 
sure. The present study is aimed at analysing the impact 
of a disturbance on landscape structure using satellite 
remote sensing and geographic information system 
(GIS). The Landsat TM data have been used to identify 
vegetation types. The patch characteristics of the 
vegetation types, viz. size, shape, porosity and patch 
density, have been studied. Physical and manmade 
features have divided the national park into three 


zones, viz. north, central and south. These zones are 
also utilized as management zones by the Forest 
Department. The study indicates that the central zone 
is distinctly different from the south and north zones. 
Patch size and porosity have been found to be the most 
important parameters determining differences in 
the ecological states of the three zones of the park. 
The patchiness and shape also provide supportive 
information and characterize the patches of the 
zones. 


Landscape ecology has emerged as an important dis¬ 
cipline to study the landscape structure, function and 
changes. Ecology, over decades, has focused on ‘vertical’ 
study, i.e. relationships between plants, animals, air, 
water and soil within a relatively homogeneous spatial 
unit. Landscape ecology, however, focuses on the 
‘horizontal’ study, i.e. relationship between the various 


spatial units^ Landscape analysis takes into account 
recognizable landscape elements at different spatial scales 
to study homogeneity/heterogeneity and causative 
mechanisms^’Each landscape is formed by several 
landscape elements which appear as patches and vary 
markedly in size, shape, type, heterogeneity and boundary 
characteristics. Each of the above characteristics has its 
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own significance in the ecosystem and is important in 
evaluating landscape structure"^. Structural analysis of 
landscape helps in problem identification and its severity, 
which is useful in planning ecosystem management^* 

Remote sensing gives a perspective horizontal view 
and helps in delineating different landscape elements 
and their spatial characteristics^. William and Nelson^ 
have illustrated that sensor-related technological advan¬ 
cements have made it possible to acquire precise vegeta¬ 
tion classification and mapping. Attempts have been 
made to use Landsat TM data for general/urban/suburban 
landscape analysis^. The methodology of visual inter¬ 
pretation of satellite data has been successfully used for 
vegetation stratification based on type and structure. 

The analysis of vegetation landscape is an important 
parameter to study the characteristics and interactions 
of landscape elements. The geographic information sys¬ 
tem (GIS), which is primarily a data storage, display 
and analysis technique, holds great promise to achieve 
landscape ecological analysis. The data can help in 
drawing conclusions on effects of conservation strategy 
by analysing horizontal relationships^. 

The present study aims at using satellite-derived 
vegetation map for analysing landscape elements of the 
Madhav National Park in Madhya Pradesh. The analysis 
is aimed, at bringing out structural and quantitative 
landscape perspective in the three zones of the park. 
The above national park is unique in its location in 
India as it is considered nearest to any township. It 
is surrounded by urban and suburban landscapes. The 
GIS spatial database has been used for patch chara¬ 
cterization. 

Study area 

The Madhav National Park is one of the oldest national 
parks of Madhya Pradesh created in the year 1956. The 
total area of the park is 165.32 sq km. The area of the 
north, central and south zones is 7459.53, 4742.91 and 
4329.56 ha, respectively. It is situated close to Shivpuri 
town, in the central highlands of India and forms a part 
of the upper Vindhyan range. It is bounded by geocoor¬ 
dinates 77“35' to 77“45' E and 25’’20' to 25“40' N (Figure 
1). In general, the upper Vindhyans are mostly sandstone 
shales and limestones. Biogeographically the Madhav 
National Park is located in zone 4, the semiarid zone^°. 
Of the two separate biotic provinces in this region, the 
park is situated in Province n, i.e, Gujarat-Rajwara 
province (4B). 

Physical and manmade features have divided the 
national park into three zones, viz. north, central and 
south. For practical management, the Forest Department 
has also made use of these zones. Two broad highways 
passing through the park act as an ecological barrier 
and prevent the movement of wildlife and species inter- 
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Figure 1, Study area (Madhav National Parle, M.P., India). 

actions between the three zones. The park, being sur¬ 
rounded by human habitation, is under tremendous biotic 
pressure and the conservation of the ecosystem has 
become a challenging task. 

The park represents northern tropical dry deciduous 
mixed forest type as well as thorn forests. Major vegeta¬ 
tion types are Anogeissus pendula, Boswellia serrata, 
Butea monosperma. Acacia catechu, moist mixed 
deciduous and dry mixed deciduous forests. 

Materials and methods 

Remote sensing data 

Landsat TM false colour composite (FCC) of bands 4, 
3, 2 (scale 1 :50,000, path-row 146-02, Febmary 4, 
1989) were used. The area represented by each pixel 
on ground is 30 x 30 m^. 

Ancillary data 

Survey of India toposheets (index no. 54 G/10 and 54 
G/11) and National Park Management Plan were also 
made use of in the analyses. 

CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 




RESEARCH ARTICLES 


Ground data 

Reconnaissance field visits were made to establish the 
relationship between vegetation types and their tonal 
variation on satellite images. The satellite image used 
in the present study pertains to early leaf fall period. 
The phenological stages of the vegetation types have 
been found to provide valuable information for dis¬ 
criminating vegetation types occurring in the landscape. 
Intensive ground truth was carried out to develop inter¬ 
pretation criteria for stratifying the forests into different 
vegetation types. Twenty sample plots of size 0.1 ha in 
forest and eighteen 50 x 50 cm^ plots in grassland were 
laid randomly at different strata observed on imagery 
ensuring that these are true representatives of respec¬ 
tive vegetation types. Each plot was studied to derive 
knowledge about its location, slopes, aspect, soil con- 
dition^ total ground cover, stand height, storey descrip¬ 
tion and species compositions. In addition to the basic 
interpretation keys, the above information was taken 
into account during visual interpretation of Landsat 
TM image (Table 1). 

Spatial data, viz. vegetation type, physiography, road 
network, drainage map and zonation map, were com¬ 
puterized in GIS and this database was used for analysing 
patch characteristics (Figures 2 and 3). 


GIS analysis 

PAMAP GIS configuration around a PC-based system 
was used for data creation and patch analysis in various 
zones. The following patch characteristics were taken 
into account^. 

Patch size 

The most remarkable characteristic of patches is their 
size or area. The total amount of energy in a patch is 
proportional to the area of a patch. Patch size also 
affects the interior-to-edge ratio. The biomass produc¬ 
tivity and species composition differ in the interior and 
at the edge of the patches, and contribute to the energy 
of the patches. Large areas will have more species than 
smaller ones as they provide a core environment for 
sensitive species. 

Patch shape 

Investigators have studied patch shape as an ecological 
variable^ ^ Habitat conditions of wildlife and shape are 
often correlated*^. The importance of patch shape in a 
landscape may be estimated by comparing it with the 
interior-to-edge ratio of the patches^. The configuration 
of disturbance acts as a causative agent in determining 


Table 1. Interpretation key for vegetation type identification using Landsat TM false colour composite 


Type 

Tone 

Texture 

Physiography 

Association 

Phenology 

Corresponding forest 
type described by 

Champion and Seth^^ 

Anogeissus 

Medium to 

Smooth 

On slopes of 

Near to water 

Dried brown 

Anogeissus pendula 

pendula forest 

dark brown 


cooler aspects 

source and nalas 

leaves 

forest (5/El) 

Boswellia 
serrata forest 

Medium 

brown 

Smooth 

Table top of 
platen and slopes 
of warmer aspects 

Sites with poor 
moisture 

Leafless 

Boswellia forest (5/E2) 

Acacia catechu 

Greyish 

Smooth to 

Plains, lower 

Open areas of 

Dried leafless 

Southern thorn forest 

forest 

with blue 
tinge 

medium 

elevation 

the foot hills 

with dried pods 

(6A/C1) 

Thorny scrub 

Light gray 

Uneven 

Plain 

Rough rock area 

Dried leafless 
with dried pods 

Zizyphus scrub (6B/DS1) 

Butea 

monosperma 
mixed forest 

Reddish 

brown 

Medium 

Plain 

— 

Few green 
leaves present 

Butea forest (5/E5) 

Moist mixed 

Dark red 

Smooth to 

Valleys, along 

Along the water 

Dense green 

Southern dry tropical 

deciduous forest 


medium 

the streams and 
rivers 

source 

crown cover 

riverain forest (5/lSl) 

Dry mixed 
deciduous forest 

Medium 

Coarse to 

Top of elevated 

Away from 

Mostly leafless 

Northern dry mixed 

brown to 
light gray 

rough 

areas 

water source 

except Diospyros 
species 

deciduous forest (5B/C2) 

Mixed thorn 
forest 

Medium red 

Smooth 

Areas with low 
hilly configuration 

Ground broken 
due to gully 
erosion 

Leafy condition 

Ravine thorn forest 
(6B/C2) 

Grasslands 

Light gray 

Smooth 

Steep slopes and 
plains 

Open forest areas 

Dried tassels 

Dry grasslands (5/DS4) 


CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


311 




RESEARCH ARTICLES 


0-4 

77°37‘ 

77 45 

VEGETATION/LANDUSE MAP OF 

25 



2^ 

- , MADHAV NATIONAL PARK 

38’ 


LEGEND 





0. m 

Anogelssus pendula 




Boswellla serrata 




Acacia catechu 





Scrub mixed 




m 

Buteo monosperma 




mlYftd deciduous 



Dry mixed deciduous 



Thorny mixed 




mi 

Grassland 





Water body 




Sll 

PREPARED BY 




VISUAL INTERPRETATION OF 




LANDSAT 

TM FCC 




N 


^Eii! 


/ 


o 

25 


mi 

25® 


20'. 



20* 



77°37' 

77® 4E 

P 



Figure 2. Vegetation/Landuse map of the Madhav National Park. 


the size and shape of a landscape element"^. In the 
present study, the shape is calculated as per Cole*^ and 
the shape index is derived from the perimeter-area ratio, 
which is taken as 1 for a circle. Higher values of the 
shape index describe patches with less patch interior 
and more edge. Thus, an isodiametric patch consists of 
more patch interior, rectangular patches consist of less 
patch interior and more patch edge and a narrow patch 
of the same area may consist of all edge. 

Patch density (porosity and patchiness) 

Porosity refers to the density of patches of a particular 
type and patchiness is a measure of the density of 
patches of all types’"^. Low porosity influences the in¬ 


terchange among plant species. Isolation becomes im¬ 
portant in determining species diversity and the com¬ 
position of patches*^. Landscape porosity is relevant to 
animal foraging because the density of suitable patches 
is critical to obtain sufficient food for survival’^. A 
disturbance in natural landscape increases the patch 
density and decreases matrix connectivity. 

Results 

Tables 2-4 show the results of analysis of various patch 
characteristics of the north, central and south zones, 
respectively. 

Patch size analysis shows that it is significantly dif¬ 
ferent in the three zones. Median patch areas were used 
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in Friedman’s two-way ANOVA test (%” = 4.57, 
p = 0.10), Anogeissus pendula, Boswellia serrata, moist 
mixed deciduous, mixed thorny grasslands and Butea 
monosperma mixed forests possess considerably larger 
patch interior in the central zone compared to the north 
and south zones, whereas dry mixed deciduous type 
show larger patch sizes in both north and south zones 
compared to the central zone. In the case of Acacia 
catechu forest, patch sizes do not show significant 
difference in the three zones. 

Analysis of the shape indicates that patches of Anogeis¬ 
sus pendula, Acacia catechu and dry mixed deciduous 
forests have better flourishing ability in the central zone 
compared to the other zones, whereas Boswellia serrata 
and grasslands have better flourishing ability in the 


north and south zones compared to the central zone. 
Thorny mixed forest shows better flourishing ability in 
the south zone compared to the other zones. In the case 
of moist mixed deciduous type, shape does not provide 
any conclusive result as it shows strong dependence on 
site conditions. This moist mixed deciduous forest has 
been found to be distributed in deep depressions of 
drainages/valleys in the park. Butea monosperma has 
been found to occur in the central zone and due to its 
porous nature it shows a high shape index. 

Porosity analysis indicates that Anogeissus pendula, 
Boswellia serrata and grasslands show more homogeneity 
in the central zone compared to the other zones. Acacia 
catechu is less scattered in the north zone than in the 
south zone (porosity values: 0.0032 and 0.0038, respec- 
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Table 2. Patch characteristics of the north zone 


.Vegetation type 

Number 
of patches 

Area 

(ha) 

Median area 
(ha) 

Percentage 

area 

Median perimeter 
(m) 

Porosity 

Median 

shape 

Anogeissus pendula 

22 

949.75 

36.875 

13.65 

4410.438 

0.0032 

1.946 

Boswellia serrata 

21 

1421.75 

50.75 

20.43 

4162.74 

0.0030 

1.649 

Acacia catechu 

22 

1319.25 

40.25 

18.96 

4001.865 

0.0032 

1.872 

Moist mixed deciduous 

14 

668.25 

21.875 

9.60 

3397.055 

0.0020 

2.018 

Dry mixed deciduous 

13 

827.00 

46.75 

11.89 

4633.47 

0.0019 

1.87 

Grassland 

32 

1722.50 

12.75 

24.76 

1821.75 

0.0046 

1.53 

Thorny mixed 

2 

49.00 

24.75 

0.70 

2628.658 

0.0003 

1.504 


Table 3. Patch characteristics of the central zone 

Vegetation type 

Number 
of patches 

Area 

(ha) 

Median area 
(ha) 

Percentage 

area 

Median perimeter 
(m) 

Porosity 

Median 

shape 

Anogeissus pendula 

6 

498.75 

49.50 

11.78 

4445.58 

0.0013 

1.818 

Boswellia serrata 

4 

475.00 

126.13 

11.22 

6024.66 

0.0009 

1.894 

Acacia catechu 

17 

1008.75 

34.75 

23.82 

3665.25 

0.0038 

1.800 

Moist mixed deciduous 

12 

907.50 

28.25 

21.43 

4013.996 

0.0027 

2.069 

Dry mixed deciduous 

8 

361.50 

18.37 

8.55 

2326.791 

0.0018 

1.535 

Grassland 

14 

476.75 

38.75 

11.26 

3703.12 

0.0031 

1.775 

Thorny mixed 

3 

118.00 

42.25 

2.79 

4435.963 

0.0007 

1.680 

Butea monosperma 

1 

388.50 

388.50 

9.17 

26981.415 

0.0002 

3.863 




Table 4. 

Patch characteristics of south 

zone 



Vegetation type 

Number 
of patches 

Area 

(ha) 

Median area 
(ha) 

Percentage 

area 

Median perimeter 
(m) 

Porosity 

Median 

shape 

Anogeissus pendula 

7 

341.5 

36.25 

8.03 

4813.78 

0.0016 

2.256 

Boswellia serrata 

9 

726.25 

41.75 

17.07 

3909.187 

0.0021 

1.743 

Acacia catechu 

25 

1804.75 

31.75 

42.42 

2350.32 

0.0059 

2.032 

Moist mixed deciduous 

5 

159.75 

13.25 

3.75 

2770.229 

0.0012 

2.120 

Dry mixed deciduous 

. 2 

93.75 

46.88 

2.20 

4660.227 

0.0005 

2.062 

Grassland 

19 

172.75 

15.75 

22.46 

1792.462 

0.0045 

1.791 

Thorny mixed 

8 

955.75 

20.75 

4.06 

2720.462 

0.0019 

1.650 


tively). The porosity of this vegetation type in the 
central zone lies in between that of north and south 
zones. Moist mixed deciduous forest shows less porosity 
in north and south zones compared to the central zone. 
Thorny vegetation has highest porosity in the south 
zone. Dry deciduous forest has lowest porosity compared 
to the other zones. Butea monosperma, which occurs 
only in the central zone, has shown lowest porosity 
among all patches. 

Patchiness analysis shows that the overall patch density 
in the north and south zones is higher compared to that 
in the central zone. 

Discussion and conclusions 

The Madhav National Park is situated at 5 km distance 
from Shivpuri and is surrounded by several villages 
from all sides. Socioeconomic interaction is evident in 
landscape elements of the park. 

Table 5 presents the average results of all charac¬ 


teristics of landscape eleirients along with related infor¬ 
mation. Socioeconomic survey in the area has indicated 
that population within 10 km radius of the park has 
direct or indirect influence. The results of the study 
indicate that the central zone is less disturbed due to 
its good fencing status. Two water bodies along with 
the associated drainages play an important ecological 
role in its patch configuration. The important charac¬ 
teristics of the central zone are: 

1. The average patch size is significantly large, indicating 
higher patch-interior-to-edge ratio than for the other 
zones. 

2. Porosity and patchiness values are low compared to 
the other zones. 

3. The shape index is higher in the central zone, which 
indicates that patches in this zone have more appendages. 
But the patch shape alone does not provide any sub¬ 
stantive interpretation as it is strongly dependent on site 
conditions. The distribution of moist deciduous forest 
along the drainages has resulted in high shape index. 
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Table 5. Landscape characteristics of the three zones 


Characteristic 

North 

Central 

South 

Patch size (ha) 

54.98 

(5.74) 

64.45 

(10.1) 

53.45 

(9.63) 

Porosity 

0.0026 

(0.0005) 

0,0014 

(0.0004) 

0.0025 

(0.0007) 

Patchiness 

0.018 

0.015 

0,018 

Shape 

1.77 

(0.078) 

2.048 

(0.26) 

1.95 

(0.08) 

No. of villages within a radius 
of 10 km 

32 

28 

39 

Average distance between 
zone centre and habitation 

7.73 

6.05 

7.25 

Fencing status 

Poor 

Good 

Poor 


Values in the bracket indicate standard error of the mean. 


In conclusion, the central zone is comparatively less 
disturbed, tending towards homogeneity and stores rela¬ 
tively high amount of energy/biomass (as it is propor¬ 
tional to the area of a patch). Though the zone is 
nearest to human habitation, disturbance regimes do not 
have significant impact on patch configuration. 

The north and south zones, which form the core area 
of the park, have been found to be more affected by 
external disturbance. The north and south zones can be 
discriminated markedly due to difference in their patch 
sizes. The porosity, patchiness and shape are found to 
be similar: 

~ Patch sizes in both the zones are relatively low, 
indicating small patch-interior-to-edge ratio. 

- Porosity and patchiness indicate a trend towards patch 
heterogeneity. 

Thus satellite remote sensing has helped to identify the 
vegetation types, which have been found to form unique 
landscape elements in the Madhav National Park. Roy 
et al}^ studied the vegetation characteristics and their 
spatial patterns in the Kanha National Park in Madhya 
Pradesh and observed that maps can be used to bring 
out the spatial relationship of vegetation types in relation 
to the topography. However, these studies were carried 
out using large-scale photographs with an objective to 
study the vertical profile of vegetation. The results of 
the study indicate that the landscape elements identified 
from satellite image can characterize the structure and 
horizontal relationship of the various patch elements. 
Impact of external disturbances is less evident in the 
central zone compared to the other zones. This can be 
attributed to exposure of a smaller perimeter of central 


zone to the habitation. Three zones of the park have 
distinctively different management infrastructures with 
respect to road network, fencing and intensity of super¬ 
vision activities. 

Parameters, viz. patch size, porosity, patchiness and 
shape, indicate that the central zone is distinctly different 
from the other two zones. Patch size and porosity have 
been found to be the most important parameters deter¬ 
mining differences in the ecological status of the three 
zones of the Madhav National Park. The patchiness and 
shape also provided supportive information. 

The three zones with varying degree of ecological 
differences manifest different landscape characteristics. 
The present study using satellite remote sensing data 
and GIS has shown that landscape can be categorized 
along the ecological disturbance gradient using landscape 
ecological principles. The effects of management (static 
or temporal) can also be analysed. 
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Moisture desorption and absorption 
isotherms for seeds of some cultivars of 
Triticum aestivum and Triticum durum wheat 

A. V. Moharir and Nam Prakash 

Nuclear Research Laboratory, Indian Agricultural Research Institute, New Delhi 110 012, India 


Moisture desorption and absorption isotherms for 50 
seeds each of cultivated varieties belonging to Triticum 
aestivum and Triticum durum in five replications were 
recorded at and 85% RH (relative humidity). 
Hysteresis loops were established for all varieties from 
the average seed masses, normalized to equal curve 
heights for meaningful and effective comparison. It is 
observed that the total area enclosed under the nor¬ 
malized hysteresis curves for different varieties is 
different. Curiously enough, the hysteresis loops for 
seeds of well-known cultivated rainfed varieties enclose 
smaller area compared to the hysteresis loops for seeds 
of varieties cultivated under irrigated high-fertility 
conditions. Percentage hydration of seeds after one 
cycle of dehydration and rehydration indicates that 
seeds of well-established rainfed varieties have small 
negative values, whereas the values are positive 
and high for the seeds of irrigated varieties. 
Further, the rates of both dehydration and 
rehydration for seeds of rainfed varieties are 
smaller compared to those for the seeds of irrigated 
varieties. It is believed that this observation offers 
considerable potential as a laboratory test for 
screening, or at least short-listing, of varieties to 
the advantage of wheat breeders, agronomists and 
seed scientists, particularly working for agricul¬ 
ture in arid and semi-arid regions. 


Most materials of plant origin and the seeds exhibit 
sigmoidal hysteresis in the absorption and desorption of 
water\ These curves vary in their shape and extent due 
to the differences in moisture-absorbing and moisture¬ 
holding potentialities. Babbitt^’^ and later Hubbard et 
al.^ plotted the hysteresis effect in moisture sorption of 
wheat over the full range (0-100%) of relative humidity 
(RH) for the first time and observed the maximum 
hysteresis effect between 12 and 44% RH without any 
consistent differences in the extent of hysteresis with 
temperature changes. Wheat, whole or with pericarp 
and seed-coat removed, reached near-equilibrium mois¬ 
ture contents within 40 h'and the increase thereafter 
was slow. These results for wheat were confirmed later 
by Pixton and Warburton^; a bulk of the moisture 
absorption in wheat is believed to take place in the 
first 4-6 h. Most of the hysteresis studies on materials 
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of plant origin have been confined to equilibrium mois¬ 
ture contents in relation to different relative humidities, 
water potentials and moisture tensions. Hysteresis have, 
however, seldom been studied with respect to the time 
of absorption and desorprtion, keeping temperature and 
relative humidity constant^’It is known that full 
or partial hydration of seeds of many crop species, 
followed by subsequent dehydration as a pre-sowing 
treatment (called ‘priming’) not only increases the rate, 
uniformity and level of seed germination but also imparts 
drought, heat, frost and salinity resistance to the plants 
emerging from the ‘primed seeds’ under field condi¬ 
tions^^ ^ Several cycles of priming on leaves of different 
plants at 30"C have been reported^’^ to result in the 
decrease of hysteresis and, finally, its disappearance^^. 
Furthermore, investigations have been reported in the 
literature showing that the rate of moisture loss from 
excised plants of drought-tolerant cultivars is lower 
than that from the drought-susceptible ones^^"^^. In 
the background of this knowledge, interesting data on 
moisture hysteresis with respect to the time of ab¬ 
sorption and desorption for seeds of some well-known 
wheat cultivars belonging to Triticum aestivum and 
Triticum durum are presented and discussed in this 
paper. 

Materials and methods 

Seed materials 

Seeds of 17 cultivated wheat varieties belonging to 
Triticum aestivum, grown in 1991 crop season at lARI 
farm under standard agronomic practice of irrigated and 
rainfed cultivations, were collected from the Division 
of Seed Science and Technology, lARJ. Seeds of two 
uncultivated species Triticum vavilovii and Triticum 
sphaerococcum were obtained from the Division of Plant 
Physiology, lARI. Seeds of 18 cultivated wheat varieties 
belonging to Triticum durum, grown in 1991 crop season 
at P.K.V. Akola, Maharashtra farm were acquired from 
the Senior Wheat Breeder. In addition, seeds of MACS-9 
variety grown at the Regional Station of lARI at Indore, 
Madhya Pradesh, were also collected. 
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Initial seed conditioning 

Fifty seeds each of all the varieties in five replications 
were taken in small petri-plates. The seed lots were 
conditioned to maximum vapour absorption of moisture 
for 50 h at SOT and 85% RH within the chest of an 
incubator in darkness. 

Initial mass of seeds 

The initial masses of conditioned seed lots were obtained 
by weighing individually on Dhona single-pan electrical 
balance up to the fifth place of decimal. 

Moisture desorption 

Conditioned replicates of seeds of all varieties were 
allowed to dehydrate at SOT in an incubator and the 
progressive loss in the masses of seed replicates was 
recorded at two-hour intervals for 10 h. The seeds were 
further left to dehydrate overnight at SOT for 15 h 
within the incubator and their dry masses measured 
again the next morning. The series of masses of seeds 
in averages of five replications during the dehydration 
cycle are given in Columns S-8 of Table 1, Part A 
and Part B, for varieties of Triticum aestivum and 
Triticum durum, respectively. 

Rehydration of seeds 

The dry seeds (Table 1, Column 8, Part A and Part B) 
were then subjected to rehydration by exposing them 
in darkness to 85% RH at SOT within the chest of the 
incubator. The progressive increase in the masses of 
seeds as a result of moisture absorption with respect to 
time was again followed at two-hour intervals for 10 
h. The series of masses of seeds in averages of five 
replications during the rehydration cycle are given in 
Columns 9-13 of Table 1, Part A and Part B. The 
seeds were then left at 30T and 85% RH for 50 h for 
maximum rehydration for 50 h and their saturated masses 
are given in Column 14 of Table 1, Part A and Part B. 

Normalization of dehydration and rehydration 
isotherms 

The average masses of seeds during the dehydration 
(Columns 3-8, Table 1, Part A and Part B) and rehydra¬ 
tion cycles (Columns 9-13, Table 1, Part A and Part 
B) were independently normalized to equal curve heights. 
Masses of seeds during the dehydration cycle (Columns 
3-8, Table 1) were normalized by dividing each mass 
value with the average mass of initially saturated seeds 


(Column 2, Table 1, Part A and Part B). Likewise, the 
average masses of seeds during the rehydration cycle 
(Columns 9-14, Table 1, Part A and Part B) were 
normalized by dividing each mass value with the average 
mass of fully saturated seeds after rehydration (Column 
14, Table 1, Part A and Part B). Serial numbers 2, 4, 
6, 8,.,., 38 in Part A and serial numbers 40, 42, 44, 

..., 74 in Part B of Table 1 give the normalized average 
masses of seeds of individual wheat varieties studied. 

Hysteresis curves and area enclosed by them 

Hysteresis curves for seeds of each variety were estab¬ 
lished from the normalized mass values from dehydration 
and rehydration cycles. Curves for only two Triticum 
aestivum varieties, namely, K-65 and Sonalika, are 
reproduced in Figures 1 and 2, respectively. Likewise 
Figures 3 and 4 represent the hysteresis curves for the 
two Triticum durum varieties MACS-1967 and AKW- 
381, respectively. The X- and T-axis intervals were 
uniformly maintained constant for all the hysteresis 
curves drawn. The areas enclosed by the hysteresis loops 
for seeds of each variety were measured with the help 
of a compensating planimeter and the data are given 
in Column 3 of Tables 2 and 3 for Triticum aestivum 
and Triticum durum varieties, respectively. 

Agronomic production conditions 

Column 2 in Tables 2 and 3 gives the agronomic 
production conditions for the respective varieties of the 
two species Triticum aestivum and Triticum durum. 

Results and discussion 

Extent of hydration of seeds 

A critical observation of the data (Columns 2 and 14, 
Table 1, Part A and Part B) shows that the masses of 
saturated seeds before dehydration and after rehydration 
vary within the same seeds, indicating basic differences 
in their extent of hydration. In 8 of the 17 Triticum 
aestivum varieties, the average mass of saturated seeds 
after rehydration (Column 14) decreased from their initial 
saturated mass before dehydration (Column 2) cycle. In 
all other varieties, there is a varying but definite increase 
in the mass of saturated seeds after rehydration cycle, 
indicating increased hydration of seeds. Such an increase 
in the extent of hydration after successive cycles of 
dehydration and rehydration with progressive loss 
of hysteresis has been previously shown 1^-in respect of 
wheat and ragi leaves. For the varieties of Triticum 
durum (Columns 2 and 14, Table 1, Part B), however, 
there is a decrease in the average mass of saturated 
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aestivum\ Part B: Belonging to Triticum durum 


RESEARCH ARTICLES 


t-. 


a. 


x: 


•c 

eqi 

> 


Q 


45 

OS 

H 

318 



CJ 


W) 


4-1 O 


^ ^ I 

Jg « S |oO 


°*s 

l" 


CO Z. 


<N 

CO 

O Q 


cn a\ 
0\ o 
S2 )Q 

On 


CM 

^ VO 
<n 

\0 00 
rj- ON 


VO O 


C3 

FX 


ftj 

ft. 


CM 

CO ? 
(Ov O 


O <o 
r- CM 
CM VO 
»0 ON 


00 O 

00 
»n ON 


95 

cn 00 
cn On 


VO 

ON »-< 
VO CM 
»n V-) 
CM On 
CM* C> 


00 

CM CM 

CM r^ 
On On 

^* d 


CO 

00 oo 
r-. VO 
On On 


»o 

00 »n 
W-l VO 
1—1 ON 
CM* d 


00 1-H 

wn VO 
^ ON 
CM d 


On 

ss 

Ml- C^ 
CM ON 
CM* d 


CM 

Mf 
l> ON 
CO VO 
CM On 
CM d 


C" ON 

o 


CM 

r-i ON 
r-' ON 
1-^ VO 
r-* ctn 

r-H* O 


si 
28 
CM* 1—’ 


o 

VO r- 
O ON 
CM d 


NO 

«n CM 
ON 


s; 


ON VO 
00 1-1 
O On 
cn (ON 
CM d 


Ml- O 

cn Q 
00 O 
CM O 
cn p 
CM 1-H* 


O 

»0 00 

S vo 
00 
On On 

1-^ d 


OO 

o cn 
O —' 
ON (Ov 
CM ON 
CM d 


ii 


1-i o 
00 ON 

vn oo 

C- ON 
CD 


CM 

vn o 

CM CTV 

T-1 00 


2 8 


11 

> o 

< z 


' nQ 
^ 'Xi 

e 


m 

m o 
cn 00 

CM ON 
m ON 
CM* d 


4n 

O CM 

ON cn 

i-H vn 
CM (On 
CM d 


^ S ^ JSs 


S -ie 


> o 

E-; < z 


— - 6 
*H 5 > s 
^<z 


^ .Si 

I 

> o 
< Z 


cn CM 
ON On 

r-1 W-) 

ON ON 


00 

M|- 

S r-' 

CM 


CON 

«n 


m 

r- 

as 

cn o 

l> VO 

VO oo 

CM rt 

Tt e'¬ 

e'¬ 

o 

00 -St 

Os O 

oo o 

85; 

C-H VO 

»-< m 


;2: g 

CM CM 

in VO 

en r- 
cn VO 

en 

oo 

VO 

S!S 

89 

VO 00 
r-H in 

Mf <0\ 

»n (ON 

CM ON 

On (On 

1-H ON 

CM ON 

i> 

(ON 

O ON 

CM (ON 

(ON (ON 

,-H* CD 

-J o* 

CM d 

d 

CM d 

CM d 

r-. 

d 

CM* d 

CM d 

1-^ d 

r-. 



ON 

8 00 

as 

(On 


o 

CM 

r— 

C3N O 

in 00 

o t> 

00 M^ 

ON rt 

O VO 

cn m 

'(t 

VO 

1-H CM 

00 

CM CM 

CM CON 

00 O 

f- cn 

OO O 

oo m 

(ON 

m 

VO m 

r- cn 

cn VO 

CM 'St 

o in 

cn Mt 

•St VO 

CM VO 

O 

VO 

m VO 

ON Ht 

i-H m 

-St (On 

«n (ON 

CM ON 

(On on 

1-1 ON 

CM (On 

l>. 

(ON 

p Os 

H-( (ON 

as as 

1-1 d 

r-; O* 

CM* d 

CD 

CM d 

CM d 


d 

CM d 

CM d 

r-i d 

mT 

VO 

On 


CM 

cn 

(On 


in 

r-- 

CM 

(ON O 

O On 

(ON CM 

CM in 

-H ON 

CM 00 

CM 

r- 

o'd- 

1-H ON 

CM 1-H 


VO CM 

On Mf 

cn 00 

CM cn 

s s 

CM r-i 

m 

CM CM 

CM VO 

s 

VO 

O CM 
in VO 

r-1 VO 

OO cn 

S5; 

(On 

Ml- (ON 

CM (ON 

as Os 

i-( ON 

CM ON 


(On 

O (ON 

^ (ON 

as as 

^ d 

d 

CM* d 

rX C> 

CM d 

CM d 

1-H 

d 

CM d 

CM* d 

1-: d 


f— 

i-H m 

CM 

cn 

ON Ht 

VO 1-H 

as m 

c- 

in VO 

00 

t-- cn 

9 ^ 

m 

m VO 

as 

oo 

CM 

(ON Ht 

r-- cn 

m e- 

1-H CM 

00 CM 

r- »n 

CM CM 

VO cn 

VO m 

o 


as Tt 

e- 

o -It 

ON in 

CM m 

o m 

as in 

cn m 

VO -It 

as 

m 

cn ON 

Ht (Ov 

CM Os 

00 (ON 

1-H ON 

CM On 

VO On 

O O) 

1-H ON 

00 

ON 

^ d 

r-: d 

CM d 

1-5 d 

CM d 

CM d 

1-4 d 

CM d 

CM d 

1-H 

d 


ON 

CM 

'O 

_ 

(Ov 

—1 

ON 

cn 

cn 


m VO 

00 CM 

m hh 

CM O 

I-H Ht 

oo e-- 

VO cn 

cn ON 

oo On 

cn o 

1-H ON 

O 00 

CM cn 

ON VO 

O VO 

C- 00 

VO 

in VO 

rn 1 -H 

VO -it 

CM m 

o m 

-t VO 

r-i VO 

VO VO 

cn VO 

1-H VO 

VO VO 

O VO 

1-H VO 

Ml- (ON 

in ON 

CM ON 

ON ON 

1-H ON 

CM (On 

rn ON 

p as 

CM p 

(ON (On 

^ d 

1-4 d 

CM d 

1-4 d 

CM d 

CM* d 

—■ d 

CM d 

CM* d 

d 

o 


CM 

t-H 


cn 

VO 


1-H 

VO 

1-H oo 

i-H CM 

1-H ON 

Tt VO 

CM O 

VO 1- 

Ht cn 

00 It 

VO 1-H 

rt VO 

1-H CM 


C" r-i 

VO On 

oo O 

m CM 

Os C-i 

CM O 

00 e'¬ 

cn r- 

'It r- 

CM CH. 

t-H |> 

CM VO 

VO r- 

f e-. 

1-H VO 

fH. t-1. 

en C'H 

CM VO 

Ht On 

»n On 

CM ON 

ON On 

1-1 ON 

CM p 

r- ON 

O ON 

CM a 

ON (ON 

h- 5 d 

^ d 

CM* d 

1-5 d 

CM d 

CM* d 

1-5 d 

CM d 

CM* d 

hh’ d 

VO 

m 

o 

r- 

■It 

ON 

cn 

oo 

cn 

in 

O -H 

it VO 

-f »n 

r- cn 

cn VO 

00 m 

00 00 

m CM 

00 C'H 

so CM 

SQ VO 

VO 't 

m HH 

in -«t 

oo Ht 

m VO 

CM 'f 

VO CM 

VO O 

CM CM 


CM r- 

00 00 

cn r- 

e- r- 

m r-- 

cn r'- 

r- r- 

00 

cn en- 

Ht- ON 

in ON 

CM ON 

C^N ON 

1-H Os 

CM On 

i> as 

O ON 

CM p 

On on 

HH* d 

i-H* d 

CM d 

1-5 d 

CM* d 

CM d 

1-4 d 

CM d 

CM d 

1-5 d 

oo 

Ht 

CM 

r- 

cn 

m 

,, 

cn 

CM 

cn 

m m 

HH m 

ON ON 

o o 

O CM 

It as 

o in 

CM it 

e'H't 

VO e-i 

CM o 

It Os 

Ht ON 

rn o 

1 - o 

oo HH 

cn o 

^ o 

t"- m 

cn i> 

m 00 

cn r- 

O 00 

-t- 00 

ON oo 

so 00 

It oo 

ON 00 

m 00 

't- CH« 

-if ON 

m ON 

cn ON 

ON ON 

1-H ON 

CM ON 

en (On 

O On 

CM p 

(ON ON 

d 

1-5 d 

CM d 

1-4 d 

CM d 

CM d 

1-5 d 

CM d 

CM d 

1-4 d 


o ^ 

C-H (ON 
CM (ON 


2^ 

in S 
(ON as 

^ d 



il 

CM 

cn 

(« Sj 
(A N 

as xi 

o 

cfl N 

a xi 


c /5 N 

a xi 


mass 

malizei 

s 

c/5 

C/5 

ecj 

oo 

s 1 

m 

B 1 


6 1 

B 

a cs 

^ a 

■'3' 

O 

CM 

a 

VO 

>* o 


>* o 

> o 

*3 

> o 

c 

o 

> o 

6 

> 


< Z 

Q 

< z 


< Z 


< Z 

CO 

< Z 

n: 

< 


ON o 




cn Ht 


m so 


O 00 


ON 


CURRENT SCIENCE, VOL. 68, NO. 3, 10 FEBRUARY 1995 



RESEARCH ARTICLES 


I O g 
I c« “ T3 ►t' 

I -s ® 

5 I S ^3S3 

“*§ 


5^ 04 

on 00 ^ 


&'S° I 

« o 00 

I 

wn 


^ . -a *2 3 

^ § “uS 

•3 o T3 g “ 

S >2 g S # 

C ® O _ V-5 
^ -z: -ca oo 


<N 

o 

0^ 

oo 

O 

04 04 

cn o 

m 

o o 

CO O' 

r-. 04 

--t O 

O' VO 

O 04 

VO CO 

VO 

r- VO 

CO VO 

»0 VO 

04 VO 

ON Ov 

00 Ov 

O' Ov 

04 Ov 

O ov 

d 

d 

o 

04 C) 

04 d 


\x <Z. 


T > o 
^ < Z 


> o 
< Z 


^ > o 
^ < Z 


I > o 

< Z 


Cfl 23 

.i2 

? ^ I 


^ <Z X 


'V > o 

u < z 


K-H > O 

Z <Z 


W > d 

E^ < < Z 


CURRENT SCIENCE, VOL. 68, NO. 3, 10 FEBRUARY 1995 


319 


AKW-1071 

41 Av mass (g) 1.94774 1.90489 1.88549 1.87202 1.86068 1.85145 1.82318 1.83978 1.84662 1.85158 1.85288 1.85546 1,92892 

42 Normalized 1.00000 0.9780 0.9680 0.9611 0.9553 0.9505 0.9360 0.9537 0.9573 0.9599 0.9605 0.9619 1.00000 
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MACS-9 (Akola) 

63 Av. mass (g) 1.95308 1.91591 1.89558 1.88243 1.87243 1.86331 1.83722 1.85629 1.86291 1.86864 1.86945 1.87181 1.95188 

64 Normalized 1.00000 0,9809 0.9705 0.9638 0.9587 0.9540 0.9406 0.9510 0.9544 0.9573 0.9577 0.9589 1.00000 
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Normalized Mass of Seeds -^ — Normalized Mass of Seeds 
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'igurc 1. Normalized hysteresis cur\e lor the wheat variety K-65. 



Figure 3. Normalized hysteresis curve for the wheat variety MACS- 
1967. 



093'-'-'-'-'-'-' 

0 2 4 6 8 10 DRY-♦Dehydration 

SAT. 10 8 6 4 2 —Rehydration 

—ii— Time in hours -► 

Figure 2. Normalized hysteresis curve for the wheat variety Sonalika. 

seeds in all the varieties after one cycle of dehydration 
and rehydration. The percentage decrease/increase in the 
extent of this hydration of seeds was computed for all 
the varieties and the data are given in Column 4 of 
Tables 2 and 3 for varieties of aestivum and durum. 



Figure 4. Normalized hysteresis curve for the wheat variety AKW-381. 
respectively. 

It may be interesting to observe from Columns 2 and 
4 of Table 2 that for Triticum aestivum varieties, the 
extent of hydration of seeds is positive and higher in 
value for cultivars recommended for cultivation^"^ under 
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Table 2. Data on hysteresis loops, percentage hydration of seeds and status of produc¬ 
tion conditions in respect of Triticum aestivum wheat varieties 


SI 

No. 

Name of 
wheat 
variety 

Agronomic 

production 

conditions 

(#) 

Area under 
moisture 
hysteresis loop 
(cm^) 

Increase/decrease 
in hydration over 
initial mass of 
conditioned seeds 
(%) 

Moisture 

retention 

index 

1 

K-65 

TS-RF 

19.36 (L) 

(-) 0.616 

8.01 (L) 

2 

C-306 

TS-RF 

22.20 (L) 

(-) 0.740 (L) 

9.39 

3 

K-8027 

TS-RF 

22.42 

(-) 0.671 

11.06 

4 

WL-410 

LS-RF 

23.74 

(-) 0.410 

13.36 

5 

Mukta 

TS-RF 

24.46 

(-) 0.270 

11.45 

6 

WL-711 

TS-IR 

25.35 

(+) 0.322 

12.76 

7 

WH-147 

TS-IR 

28.66 

(-) 0.401 

13.71 

8 

K-8020 

LS-IR 

28.68 

(-) 0.281 

12.94 

9 

DL-153-2 

TS-RF 

28.80 

(-) 0.088 

12.47 

10 

NI-5439 

TS-RF+IR 

31.24 

(+) 0.233 

14.70 

11 

K-68 

TS-RF+IR 

35.72 

(+) 0.043 

15.98 

12 

IWP-72 

TS-RF 

38.80 

(+) 0.466 

21.56 

13 

Kalyan-Sona 

TS-IR 

39.64 

(+) 0.386 

20.31 

14 

HD-2009 

TS-IR 

42.50 

(+) 0.658 

21.38 

15 

Sonalika 

LS-IR 

63.94 

(+) 1.608 

27.91 

16 

HD-2329 

TS-IR 

64.14 

(+) 0.994 

27.65 

17 

WH-157 

TS-IR 

65.70 (H) 

(+) 1.805 (H) 

28.22 (H) 

18 

Range of variation 
(max.-min.) 

46.34 

2.545 

20.21 

TS- 

•timely sown; 

LS-late sown; 

i (-!■)-increase; (-) 

-decrease; (#)~Information received 


from Senior Wheat Breeder, P. K. V. Akola, Maharashtra and from Twenty-five Years of 
Coordinated Wheat Research (eds Tandon, J. P. and Sethi, A. P.), All India Coordinated 
Wheat Research Project, 1986; (L)-lowest value within samples, (H)~ highest value within 
samples. 


Table 3. Data on hysteresis loops, percentage hydration of seeds and status of production 
conditions in respect of Triticum durum wheat varieties 


SI 

No. 

Name of 
wheat 
variety 

Agronomic 

production 

conditions 

(#) 

Area under 
moisture 
hysteresis loop 
(cm^) 

Increase/decrease 
in hydration over 
initial mass of 
conditioned seeds 
(%) 

Moisture 

retention 

index 

1 

AKW-1811 

New genotype 
TS-IR 

15.25 (L) 

(-) 0.9300 

8.49 

2 

AKW-1071 

TS-IR 

15.86 

(-) 0.9662 (L) 

8.14 

3 

NP-404 

TS-RF 

16.14 

(-) 0.5104 

5.77 (L) 

4 

DWR-162 

TS-IR 

17.G0 

(-) 0.9129 

7.74 

5 

B-Yellow 

TS-RF+IR 

17.95 

(-) 0.7336 

7.12 

6 

MACS-1967 

TS-RF 

19.26 

(-) 0.7475 

6.80 

7 

B-Red 

TS-RF+IR 

19.30 

(-) 0.7519 

8.31 

8 

Meghdoot 

TS-RF 

21.57 

(-) 0.5936 

7.59 

9 

Raj-1555 

TS-IR 

21.60 

(-) 0.7787 

6.49 

10 

JU-12 

TS-RF 

21.80 

(-) 0.3504 

8.99 

11 

AKW-3018 

TS-RF 

26.16 

(-) 0.9053 

6.61 

12 

MACS-2496 

TS-IR 

26.92 

(~) 0.4463 

12.88 

13 

MACS-9 (Akola) 

TS-RF 

27.10 

(-) 0.0614 

13.88 

14 

MACS-9 (Indore) 

TS-RF 

27.43 

(-) 0.3154 

8.10 

15 

N-59 

TS-RF 

31.95 

(-) 0.03821 (H) 

13.54 

16 

Raj-911 

TS-IR 

32.80 

(-) 0.6243 

12.36 

17 

A-9-30-1 

TS-RF 

35.40 

(-) 0.1235 

15.09 

18 

AKW-381 

TS-IR 

40.92 

(-) 0.1604 

16.19 (H) 

19 

NP-401 

TS-RF+IR 

43.42 (H) 

(-)0.2119 

13.20 

20 

Range of variation (max.-min) 

28.17 

1.0043 

10.42 

TS- 

timely sown; LS- 

late sown; (+)- 

increase; (-)- 

decrease; (#)-Information 

received from 


Senior Wheat Breeder, P. K. V. Akola, Maharashtra; (L) — lowest value within samples, (H) — highest 
value within samples. 
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irrigated high-fertility conditions and is negative for 
cultivars recommended for cultivation^"^ under rainfed 
low-fertility conditions. For varieties recommended for 
cultivation under both irrigated medium-fertility condi¬ 
tions and rainfed low-fertility conditions, the percentage 
hydration of seeds has intermediate values, e.g. SI No. 
10 and 12 in Table 2. However, for varieties of Triticum 
durum (Columns 2 and 4, Table 3) it may be observed 
that percentage seed hydration has negative values for 
all the varieties studied and the values progressively 
decrease from -0.03821 to -0.9662. 

Hysteresis curves 

In Figures 1-4, the curves ABD and DCA were estab¬ 
lished during dehydration and rehydration cycles of 
seeds, respectively. Segments AB and DC of these 
curves were followed at two-hour intervals. The 
asymptotic parts BD and CA of these curves represent 
the interval given to seeds in coming to dry-mass point 
D during dehydration and maximum saturation point A 
after rehydration beyond C. In fact, two asymptotic ends 
of the dehydration and rehydration isotherms nearly 
compensate each other. A bulk of moisture desorption 
and rehydration in wheat seeds takes place within the 
first few hours and then gradually extends very slowly. 
The hysteresis curves in general are, therefore, very 
extended. It is expected that the extrapolated two 
asymptotic segments and the area under them would 
not significantly affect the general behaviour of the 
hysteresis curve or alter the total area under the hysteresis 
loop. Therefore, within reasonable limits of accuracy, 
moisture hysteresis for seeds of wheat can be con¬ 
veniently accomplished by following the changes in the 
mass of seeds for only 10-15 h (10 h in the present 
case) during dehydration and rehydration cycles. Further, 
the normalization of the hysteresis curves facilitates 
comparison between varieties more effectively. 

Area enclosed under the hysteresis curves for 
seeds 

On arranging the varieties within both the species in 
increasing order of their hysteresis loop area (Column 
3, Tables 2 and 3), it is observed that for Triticum 
aestivum varieties the values vary within a range of 
46.34 cm^, from the lowest of 19.36 cm^ to as high as 
65.70 cm^. Correspondingly, this range of variation in 
area under the hysteresis loops for cultivars of Triticum 
durum is only 28.17 cm^, with values varying from the 
lowest of 15.25 cm^ to the highest of 43.42 cm^. It may 
further be observed that seeds of well-known cultivars 
classified under rainfed low-fertility cultivation^"^ have 
smaller area under their hysteresis loops compared to 


that for seeds of cultivars classified for cultivation under 
irrigated high-fertility conditions'"^. For varieties cul¬ 
tivated under both irrigated and rainfed conditions of 
production^"^, the hysteresis loop areas have intermediate 
values, e.g. SI No. 10, 11 in Table 2 and SI No. 5, 7 
in Table 3. Whereas this observation is also generally 
true in well-established varieties of Triticum durum 
(Table 3), the segregation between rainfed and irrigated 
varieties on the basis of the area under hysteresis loop 
is not as sharp as in the case of Triticum aestivum 
varieties (Table 2). This is believed to be due to the 
fact that Triticum durum has relatively very short breed¬ 
ing history compared to Triticum aestivum. 

Data on seeds of Triticum durum in Table 3 indicate 
that three irrigated varieties AKW-1811, AKW-1071 and 
DWR-162 show the smallest area under their moisture 
hysteresis loops and yet are reported^^ to perform poorly 
under rainfed field conditions. It may be pertinent to 
reason here as to why these should do so? An explanation 
to this effect can be sought and visualized in the shape 
of the hysteresis loops for these varieties, which are 
distinctly different from that for other varieties. Such a 
hysteresis curve for only one variety AKW-1811 is 
reproduced in Figure 5 for comparison. The rate of 
dehydration for these three varieties is higher compared 
to other varieties within the species. Similarly, the rate 
of rehydration of seeds is also initially low and gradually 
becomes very high, with the result that the dehydration 
and rehydration isotherms intersect each other. It is, 
therefore, quite likely that wide variations in differential 



Figure 5. Normalized hysteresis curve for the typical wheat variety 
AKW-1811. 
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rates of dehydration and rehydration across the pericarp 
and seed matrix may be responsible for their actual 
performance in the field. The rest of the varieties within 
durum generally support the hypothesis that the seeds 
of all rainfed drought-tolerant varieties of wheat not 
only have smaller areas under their hysteresis loops but 
also have smaller rates of dehydration and rehydration 
compared to those for the irrigated varieties. 

Further, it may be curiously observed from SI No. 
13 and 14 in Table 3 that seeds of the same variety 
MACS-9, grown independently at Akola, Maharashtra; 
and Indore, Madhya Pradesh enclose nearly the same 
area under their moisture hysteresis loops, whereas the 
values of their seed masses, moisture retention index 
and percentage hydration are quite different. Unfor¬ 
tunately, we had only one variety common to both these 
places and therefore, it would be difficult to conclude 
if the area under the moisture hysteresis loops for seeds 
is independent of the environmental growth conditions 
and is a genotypic character. However, it would be our 
endeavour to explore this relationship in future. 

Data on seeds of uncultivated species Triticum vavilovii 
and Triticum sphaerococcum indicate that with hysteresis 
loop area values of 43.0 and 49.44 cm^, respectively, 
they fall closer to the irrigated varieties of both Triticum 
aestivum (Table 2) and Triticum durum (Table 3) than 
to those for the rainfed varieties within the species. 
Further, with values of + 1.299 and + 1.212, respectively, 
for percentage hydration of seeds of these uncultivated 
species, they lie more parallel to the irrigated varieties 
of both aestivum and durum. 

Moisture retention index 

Drawing analogy from the studies on hysteresis in 
magnetization of materials in physics, an index that 
represents moisture retention during dehydration and 
rehydration of the seed matrix as computed for different 
varieties by dividing the area under the hysteresis loops 
by the average mass of their saturated seeds. The values 
of the moisture retention indices (MRI) thus calculated 
are given in Column 4 of Tables 2 and 3 for varieties 
of Triticum aestivum and Triticum durum, respectively. 
It may be curiously observed that on. the basis of this 
index, the segregation of rainfed and irrigated varieties 
within aestivum becomes more sharp. Whereas the 
general trend in Triticum durum is also similar, the 
segregation between rainfed and irrigated varieties still 
remains not so well distinct. 

Correlation of moisture retention index with 
hysteresis loop area and seed hydration 

The area under the hysteresis loop for seeds of wheat 
CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


varieties shows significant positive correlations of 0.9502 
and 0.6749, respectively, with moisture retention index 
within individual species and also + 0.8767 for mixtures 
of varieties of aestivum and durum taken together. 
Similarly, MRI shows significant correlations with per¬ 
centage seed hydration after one cycle of dehydration 
and rehydration within individual species and between 
mixtures of varieties of both species of wheat taken 
together. The data on correlation coefficients are given 
in Table 4, and it is obvious that higher values of MRI 
correspond to higher values of seed hydration. 

A lower rate of moisture loss from excised plants 
has been correlated with drought resistance in spring 
wheat and sorghum varieties^and it is generally 
believed that varieties that retained water best ranked 
highest in heat and drought tests^^. Contrary to this, the 
data on seed hydration in Column 4 in Tables 2 and 
3 suggest that varieties for irrigated cultivation, such 
as Sonalika, WH-157 and AKW-381, absorb more mois¬ 
ture after one cycle of dehydration and rehydration and 
the rate at which rehydration proceeds in them is much 
higher. As a result, the rehydration isotherm upon nor¬ 
malization falls much below the dehydration isotherm, 
with consequent increase in the area under the hysteresis 
loop. It may thus be concluded that for the seeds of 
all rainfed varieties, the rates of both dehydration and 
rehydration are much lower compared to those for the 
seeds of irrigated varieties. This conclusion for seeds 
of wheat varieties is similar and parallel to the differences 
observed in excised plants^^'^^ of drought-tolerant and 
susceptible varieties. Apparently enough, there appears 
to be a continuing relationship between the behaviour 
of the seeds and the behaviour of the plants raised from 
them in the field, and it would be our endeavour to 
explore this relationship in details in future experiments. 
For the present, it is concluded that the seeds of 
best-known rainfed wheat varieties show small moisture 
retention, small area under their moisture hysteresis 
loops and smaller values of percentage seed hydration 
compared to the seeds of irrigated varieties. 

Several physiological indices have been reported to 
correlate with drought resistance without any practical 


Table 4. Correlations of moisture retention index with area under 
the hysteresis curves and percentage hydration of seeds 


Wheat species 

Area under the 
hysteresis curve 

Percentage 
increase/decrease 
of seed hydration 

Triticum aestivum 

r = 0.9502 

r = 0.8806 

n = 17 

p > 0.001 

p > 0.001 

Triticum durum 

r = 0.6749 

r = 0.5811 

/I = 19 

p > 0.01 

p > 0.01 

Triticum aestivum and 

r = 0.8767 

r = 0.8673 

Triticum durum combined 
n = 36 

p > 0.001 

p > 0.001 
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success^^^^ Field tests for resistance to drought so far 
are not efficient and practicable due to several biotic 
factors^^. The development of laboratory tests has been 
visualized to be the only practical answer^^. In this 
context, the measurement of area enclosed by the nor¬ 
malized moisture hysteresis curves for seeds of wheat 
varieties during their dehydration and rehydration cycles 
appears to have considerable potential as a laboratory 
test for screening varieties for cultivation or at least 
short-listing of genotypes for field-testing in arid and 
semi-arid regions. 
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Observations of comet Shoemaker- 
Levy 9 from Japal-Rangapur 
Observatory 

R. Vasundhara\ Pavan Chakraborty\ R. Rajamohan\ 
J, C. Bhattacharyya\ G. Som Sunder^, P. Vivekananda 
Rao^, R. Swaminathan^ and B. Lokanadham^ 

Indian Institute of Astrophysics, Bangalore 560034, India 
^Department of Astronomy, Osmania University, Hyderabad 500 007, 
India 

Preliminary results of observations of comet 
Sboemaker-Levy 9 from Rangapur Observatory 
during 21-22 January 1994 are presented. Astrometric 
positions of resolved fragments were estimated using 
multiple triangulations of stars in HST Guide star 
catalogue. Tails from individual fragments could be 
resolved up to about lOarcsec. An ambient dusty 
region extending to about 17-20 arcsec on tbe anti-sun 
direction of tbe cometary train is evident on all tbe 
frames. 

The discovery of the periodic comet Shoemaker-Levy 
9 (SL9) as a squashed comet by Eugene and Carolyn 
Shoemaker and David Levy in late March 1993 has 
spurred considerable interest in the planetary wing of 
the astronomical community^ Subsequent observations 


showed the object to be, in fact, a train of individual 
nuclei^ Images taken from Mauna Kea Observatory by 
Jewitt et al. showed about 20 separate pieces strung 
out like a string of pearls^’Orbit computations by 
Marsden"^ indicated that the individual pieces of the 
cometary train are the fragments of a progenitor comet 
which made a close approach to Jupiter at a height of 
about 1/4 of the planetary radius from the cloud top, 
and was tidally disrupted. These chunks of cometary 
pieces are in elongated orbit around Jupiter and are 
predicted to collide with the planet between 16 and 22 
July 1994. Observations were carried out to obtain the 
astrometric positions and to study the morphology of 
the tail at the Japal-Rangapur Observatory. This paper 
discusses the preliminary results of the analysis. 

The observations were carried out at the prime focus 
of 122cm//3.5 reflector at Japal-Rangapur Observatory 
(5h 14 min E, 17 deg 6minN). A Baker corrector with 
a Ross lens assembly provided a corrected field of about 
13'X 13' on the CCD detector of 512 x512 pixels. The 
observations were made in integrated light. A large 
number of field stars were registered in the moderately 
large field on the CCD frame. Stars in the HST Guide 
star catalogue^ were identified and used as reference stars 
for multiple triangulations. The positions of the objects 
were measured using the imexamine package of IRAF* 


Table 1. Positions of fragments of comet Shoemaker-Levy 9 


Date 

Jan. 94 

Fragment 

a(2000.0) 

5(2000.0) 

a(2000.0) 

5(2000.0) 

Observed 

Predicted 

21.9295138 

G(15) 

14 32 35.750 

-15 48 42.59 

14 32 35.772 

_ 15 48 44.41 


Q( 7) 

14 32 31.466 

-15 49 13.69 

14 32 31.525 

-15 49 14.99 


S( 5) 

14 32 30.043 

-15 49 24.36 

14 32 30.025 

-15 49 24.48 


W( 1) 

14 32 28.856 

-15 49 33.15 

14 3228.895 

-15 49 32.88 

21.9394675 

E(17) 

14 32 37.424 

-15 48 34.20 

14 32 37.101 

-1548 37.97 


G(15) 

14 32 35.990 

-15 48 43.59 

14 32 36.032 

-15 48 45.58 


K(12) 

14 32 34.088 

-15 48 57.43 

14 32 34.232 

-15 48 59.37 


L(ll) 

14 32 33.242 

-1549 03.24 

14 32 33.323 

-15 49 05.67 


Q( 7) 

14 32 31.722 

-15 49 14.35 

14 32 31.783 

-154916.16 


S( 5) 

14 32 30.234 

-1549 24.18 

14 32 30.284 

-15 49 25.66 

21.955243 

E(17) 

14 32 37.695 

-1548 34.91 

14 32 37.513 

-15 48 37.54 


GdS) 

1432 36.410 

-15 48 45.56 

14 32 36.443 

_ 15 48 47.44 


H(14) 

14 32 35.642 

-15 48 49.11 

14 32 35.604 

-15 48 53.64 


K(12) 

1432 34.524 

-15 48 59.02 

14 32 34.644 

-15 49 01.23 


L(ll) 

14 32 33.479 

-1549 05.35 

14 32 33.734 

-15 49 07.53 ■ 


Q( 7) 

14 32 32.175 

-15 49 15.82 

14 32 32.194 

-15 49 18.03* 


S( 5) 

14 32 30.695 

-1549 27.08 

14 32 30.695 

-15 49 27.52 


W( 1) 

14 32 29.630 

-15 49 33.87 

14 32 29.565 

-15 49 35.92 

22.9320601 

E(17) 

14 33 02.974 

-15 50 27.53 

14 33 02.726 

-15 50 30.89 


G(15) 

14 33 01.616 

-15 50 39.00 

14 33 01.651 

-15 50 40.87 


K(12) 

14 32 59.754 

-15 50 52.39 

1432 59.842 

-15 50 54.82 


L(ll) 

14 32 58.853 

-15 50 59.29 

14 32 58.927 

-15 51 01.17 


Q( 7) 

14 32 57.408 

-15 5109.62 

14 32 57.379 

-15 51 11.76 


S( 5) 

14 32 55.810 

-15 51 21.10 

14 32 55.864 

-15 51 21.36 

22.9527777 

K(12) 

14 33 0.209 

-15 50 55.90 

14 33 00.370 

-15 50 57.20 


L(ll) 

14 32 59.400 

-15 51 00.53 

1432 59.456 

-15 51 03.55 


Q( 7) 

14 32 57.866 

-15 51 12 72 

14 32 57.907 

-15 51 14.14 


S( 5) 

14 32 56.569 

-15 51 22.74 

14 32 56.392 

-15 51 23.74 


*IRAF is distributed by the National Optical Astronomy Observatories 
which is operated by the Association of Universities Inc. (AURA) 
under co-operative agreement with the National Science Foundation. 
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SL9 1994/01/22 22.22:10 UT (Rl 


to 20 30 40 50 40 



Figure 1. Contour plots of dust around the fragments in images obtained on a, 
21.955243 and b, 22.9320601. Thirty isophots (at equal intensity intervals) are plotted 
in each case between 19.80 mag/arcsec^ and 19.75 mag/arcsec^ to bring out the faint 
structures in the tails. 


at the SUN Workstation at the Indian Institute of 
Astrophysics, Bangalore. The individual nuclei of the 
comet were identified according to the standard 
nomenclature. The 2000.0 coordinates of the fragments 
are given in Table 1. These are compared with the 
predicted positions by Yeomans and Chodas^, who used 
the positions of the fragments till 12 December 1993. 


The (O-C) in right ascension and declination for the 
fragments E, G, K, L, Q, S and W are given in 
Table 2. Except for the fragment E, the positions on 
21-22 January 1994 are found to be to the west and 
south of the extrapolated predicted positions. 

Isointensity contours of the region near the comet are 
plotted in Figure 1 a,b. The direction of the sun projected 
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on the sky plane is shown in each case. Tails from 
individual fragments could be resolved up to about 10 
arcsec. An ambient dusty region extending to about 30 
arcsec on the anti-sun direction of the cometary train 
is evident on all the frames. At the comet’s distance 
this equals a projected linear distance of about 120,000 
km. 

A comparison of the image of SL9 with that on 29 
May 1993, shows that the morphology of the dusty 
region surrounding SL9 drastically changed^. For ex¬ 
ample, the dust envelope has significantly thinned and 
the wings extending on either side of the train are 
missing. The dynamics of the dust in the tail of the 
comet SL9 is complicated. For normal comets which 
develop tails while approaching the Sun, the syndynes 
and synchrones^ can be determined entirely from the 
grain sizes, their density and optical properties. This is 
so because the ratio of the radiation pressure force to 
the gravitational force depends only on the comet’s 
heliocentric distance. In case of SL9, while the radiation 
pressure on a grain of given size and density is very 
nearly the same, the gravitational force which is governed 
by three-body dynamics is not. Analysis of the tail 


structure to derive information on the nature of the 
grains and their size distribution or to look for evidences 
of bursts or jets requires detailed modelling^. The limited 
data obtained on two successive days precludes such 
an attempt. 
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Burst vortex flow-field on a delta 
wing—numerical simulation using 
Euler equations 

Anand Kumar 

Computational and Theoretical Fluid Dynamics Division, National 
Aerospace Laboratories, Bangalore 560 017, India 

A numerical simulation of vortex breakdown on a 
delta wing is carried out Flow-field within and around 
vortex breakdown is presented to illustrate the vortex 
breakdown phenomenon. 

When a delta wing is placed in a flow at an incidence, 
flow separates along the leading-edge and vorticity is 
shed, which rolls up to form coiled vortex sheets above 
the wing, with a core of high vorticity. The suction in 
the vortex core induces additional lift which is exploited 
aerodynamically, as in the design of modern fighter 
aircraft. An increase in the incidence leads to a stronger 
vortex. If the vortex is sufficiently strong, a sudden 
change in the structure of the vortex core, known as 
vortex breakdown or vortex bursting, occurs somewhere 
along the vortex axis. Vortex breakdown is characterized 
by a sudden drop in suction and a pronounced alteration 


of velocity field in the vortex core. The two types of 
vortex breakdown that occur on delta wings are called 
bubble type and spiral type. Due to its importance in 
aeronautical and non-aeronautical applications, vortex 
breakdown, first observed by Peckham and Atkinson \ 
is an active area of experimental and theoretical research. 
A recent review of vortex breakdown is presented by 
Delery^. 

Even after three decades of research, the underlying 
mechanisms leading to vortex breakdown are still not 
well understood, although several theories of vortex 
breakdown have been proposed^ Here, based on Euler 
equations, numerical simulation of burst vortex flow-field 
over a sharp leading-edge delta wing is carried out, 
with the hope that some of the observations made here 
will help understand the vortex breakdown mechanisms 
better. The vortex breakdown phenomenon is highlighted 
by presenting the computed flow-field. The use of Euler 
equations for our study of vortex breakdown is based 
on the experimental observations'* that the vortex break¬ 
down is almost independent of viscous effects. We 
consider a sharp leading-edge wing since the primary 
separation is then fixed along the leading-edges. The 
vortex sheet shed from the sharp leading-edge which 
rolls up to form the primary vortex is well modelled 
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by the Euler equations. The secondary vortex that is 
not modelled by the Euler equations, displaces the 
primary vortex slightly upward and inboard, and does 
not play a role in the breakdown process. 

The sharp leading-edge delta wing considered has an 
aspect ratio 1.6 (leading-edge sweep of 68.2“) and is 
placed at an incidence of 30° to the free-stream. The 
geometrical details of the wing are the same as in the 
experiment of Hummel and Srinivasan^. A multi-block 
grid^ having 279 K grid points is used. Euler equations 
are solved using a finite-volume scheme for spatial 
discretization, explicitly added artificial dissipation and 
a Runge-Kutta scheme with acceleration devices for 
time integration^. Results presented here have been 
obtained for a Mach number of 0.3. The computing 
time is about 90 h on the four processor Flosolver at 
the CTFD Division, NAL. Some features of the simulated 
vortex breakdown are presented below. 

The computed vortex breakdown is illustrated by 
particle traces shown in Figure 1. In this figure, particles 
are released close to the vortex axis, near the apex. 
They travel along the vortex axis till about the midchord 
where they abruptly depart from the vortex axis. This 
qualitative change in the character of the vortex is 
referred to as vortex breakdown. The figure also shows 
a trace of a particle released from a point downstream 
of the breakdown. The particle travels backward and 
forward before escaping the burst flow region. Computed 
pressure coefficient and axial velocity along the vortex 
axis are shown in Figure 2, The figure shows that a 
sudden drop in the vortex suction occurs around midchord 
and the flow along the vortex axis slows down rapidly 
due to vortex breakdown. 

By an examination of the computed flow-field on 
each transverse grid plane, it is determined that the 
vortex breakdown occurs at the grid plane at x = 0.501. 
The streamwise velocity contours in the transverse grid 
plane at the breakdown are shown in Figure 3. The 
velocity contours show formation of a ‘stagnation’ region 
where the flow slows down more rapidly than the 
surrounding fluid resulting in a minima of the streamwise 
velocity. This stagnation region or deficit velocity region 
grows in the downstream direction and a flow reversal 



Figure 1. Particle traces showing vortex breakdown. 



3 
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1 


0 


-1 




Figure 2, Pressure coefficient and axial velocity along the vortex 
axis. 



Figure 3. Contours of streamwise velocity at the breakdown, x = 
0.501. 

occurs in the core. Payne et al^ using a seven hole 
probe, have given the velocity survey at the breakdown 
on a 70° delta wing at 30° incidence, which is shown 
here in Figure 4. A stagnation region at the breakdown 
is also seen in their experiment. Hummel^ has also 
reported a stagnation region in his five hole probe 
measurements of the vortex breakdown on a 79° delta 
wing at 31° incidence. There is a good similarity between 
the computed (Figure 3) and the experimental velocity 
field (Figure 4) at the breakdown. The process of 
breakdown as captured in the computation is thus similar 
to that in the experiment. 

The transformation of the- vortex core from a jet-like 
flow to a wake-like flow due to the breakdown is seen 
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Figure 4. Streamwise velocity survey on a 70" delta wing at 30“ 
incidence, jc = 0.5 (ref. 8). 



Figure 5. Computed streamwise velocity in the vortex core showing 
transformation from a jet~like flow to a wake-like flow due to vortex 
breakdown and its comparison with the experimental measurements of 
ref. 10. 

from Figure 5, where the computed streamwise velocity 
profiles on the line through the vortex axis and parallel 
to the wing are shown for different streamwise locations. 
The figure also shows the LDA measurements of 
Iwanski , which is for a 70“ delta wing at 30° incidence. 
The computed development of the flow through the 



Figure 6. Vorticity vectors in the transverse plane at the breakdown. 


vortex breakdown is seen to be similar to that in the 
experiment. The computed vortex is outboard of that 
in the, experiment due to the absence of the secondary 
vortex in the Euler solution. The flow reversal along 
the vortex axis and the velocity profiles in the vortex 
core show that the computed vortex breakdown for the 
flow conditions considered is of bubble type. 

Before the breakdown, the computed vorticity vectors 
close to the vortex axis are predominantly along the 
axial direction and are spiralling such that the azimuthal 
vorticity is positive. They suddenly tilt at the breakdown, 
thereby reducing the axial vorticity considerably and 
giving rise to negative azimuthal vorticity. Figure 6 
shows the vorticity vectors in the transverse plane at 
the breakdown, where the formation of negative 
azimuthal vorticity due to breakdown can be seen. 
Negative azimuthal vorticity in the breakdown region 
has also been experimently observed by Iwanski’^ 
According to Brown and Lopez^\ the physical mechanism 
of vortex breakdown relies on the production of negative 
azimuthal vorticity. 

In conclusion, vortex breakdown on a sharp leading- 
edge delta wing of aspect ratio 1.6 at 30° incidence is 
presented. The computed vortex breakdown is of bubble 
type. At the breakdown, a stagnation region develops 
which grows as one moves downstream and a flow 
reversal occurs in the vortex core. A sudden tilting of 
the vorticity vectors close to the vortex axis occurs at 
the breakdown leading to a large reduction in axial 
vorticity and production of negative azimuthal vorticity. 
Vortex breakdown leads to a sudden drop in the vortex 
suction and the jet-like flow in the vortex core transforms 
to a w^edike flow. The computed burst vortex flow-field 
is similar to that ot^served in the experiment. The present 
study also shows that the vortex breakdown mechanisms 
at high Reynolds number can be computed within the 
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framework of the Euler equations. It is planned to make 
a detailed presentation of the results in a CFD journal. 
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A possible relationship between the 
wind in the atmospheric boundary 
layer over north Indian Ocean and 
the summer monsoon rainfall over 
India 
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Present address: Meteorological Unit, Civil Aviation Training College, 
Bamrauli, Allahabad 211 002, India 

The relationship between the power of wind in the 
atmospheric boundary layer over the north Indian 
Ocean and the summer monsoon rainfall over India 
has been studied utilizing marine meteorological data 
for the north Indian Ocean and all-India rainfall for 
the period 1972-91. Monthly mean fields of wind, 
air temperature and sea surface temperature have 
been determined, and the power of wind in the 
atmospheric boundary layer has been computed on 
a grid mesh of 5“ over the area bounded by SO^E 
to lOO^E, north of the equator. Correlation coefficients 
were computed between seasonal (June-September) 
area-weighted rainfall over India and the winds in 
atmospheric boundary layers over the Arabian Sea 
and the Bay of Bengal during the month of May. 
Significant correlations have been found between (i) 
June-September rainfall over India and the wind 
over the Arabian Sea area bounded by the equator 
and 10"N during May, and (ii) June-September rain¬ 
fall over India and the wind over the north Indian 
Ocean between the equator to lO^’N and 50‘’E-100**E. 
We find that the wind in the boundary layer over 
the equatorial regions of the north Indian Ocean 
(equator to lO^N) during May could be a useful 
predictor for the summer monsoon rainfall. 

The quantum of rains falling over India during the 
summer monsoon from June to September is important 


for India’s economy. It is thus natural that the prediction 
of summer monsoon rainfall should draw the attention 
of many meteorologists. 

Pioneering efforts in this direction have been made 
by Blanford* and Walker^. Recently, Singh^ and Singh 
and Joshi"^ have shown that the initial state of the north 
Indian Ocean before the commencement of summer 
monsoon season plays an important role in the perfor¬ 
mance of the ensuing monsoon. 

This communication reports the relationship between 
the wind strength in the atmospheric boundary layer 
over the north Indian Ocean during May and all-India 
rainfall for the subsequent monsoon. The mechanical 
stirring of the ocean is dependent on the wind in the 
lower atmosphere. By mechanical stirring, the centre of 
gravity of the upper ocean is raised as the warmer 
surface waters are forced to subsurface layers, enhancing 
the heat storage capacity of the ocean. The heat storage 
capacity of the ocean has a major influence on climate. 

The power of the wind, P (W m"^), has been computed 
at each grid point by 

p + (1) 

where = 1.18 kg m"^ is air density, is the exchange 
coefficient for momentum, U and V are the eastward 
and northward components of the wind velocity in 
m For this study is considered to be a function 
of wind speed, of the difference between 

air and sea temperatures, — It is given by^ 

Cjo = 0.934xl0~^ + 0.788xl0'^(f/"+y')'^' 

+ 0.868 X 10~" (T^ - 7;) - 0.616 x lO"^ (U^ + F 
- 0.120 x 10"^ (T^ - Tf X 10"^ 

x{u^ + vY\ ( 2 ) 
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Table 1. Correlation coefficients between P for May over the 
north Indian Ocean and all-India area-weighted rainfall for June- 
September 


Oceanic area 

Latitudinal belt for 
which P was 
considered 

Correlation coefficient 
between P for May 
and all-India area- 
weighted rainfall for 
June-September 

Arabian Sea 

Equator to 10“N 

0.59** 


10”N to lO^N 

0.36 

Bay of Bengal 

Equator to 10“N 

0.42 


10“N-20“N 

0.02 

North Indian Ocean 

Equator to 10“N, 
50“E-100"E 

0.51* 


^Significant at 5% level. 
**Significant at 1% level. 


All marine meteorological observations of the north 
Indian Ocean for the period 1972-91 that were available 
at the National Data Centre, Pune, have been used. The 
data were collected by ships of opportunity. The Indian 
summer monsoon rainfall data, published periodically 
in Mausam, were used to compute the correlation coef¬ 
ficient between P and area-weighted all-India rainfall 
for June-September. 

The computed values of the correlation coefficients 
between P for May over different regions of the north 
Indian Ocean and all-India rainfall of June-September 
are shown in Table 1. This table shows that there is 
good correlation between the wind in the lower atmos¬ 
phere over O^N-IO^’N and in the subsequent summer 
monsoon rainfall. The highest correlation coefficient 
(0.59) which is significant at 1% level, is observed over 
the southern Arabian Sea and the Indian summer monsoon 
rainfall. There is a substantial decrease in correlation 
coefficients when we consider the northern areas of the 
Arabian Sea. Similarly, over the Bay of Bengal the 
correlation coefficient decreases from south to north. In 
fact, P over the northern areas (10“N-20‘’N) of the Bay 
of Bengal is uncorrelated with monsoon rainfall over 
India. If we consider the north Indian ocean regions of 
0'*N-10‘'N, 50“E-100“E, the correlations coefficient is 
0.51, which is significant at 5% level. We thus draw 
the following conclusions: 

i) The wind over the Arabian Sea, during May, appears 
to have more influence on the subsequent monsoon 
rainfall over India compared to the wind over the Bay 
of Bengal. 

ii) The winds over the southern areas of the Arabian 
Sea and the Bay of Bengal have higher correlations with 
the monsoon rainfall compared to those of northern areas. 

The computed values of P and the all-India area-weighted 
rainfall departures from normal for the period 1972-91 
are shown in Table 2. The P values for the northern 
parts of the Bay of Bengal have been omitted due to 


Table 2. Interannual variability of wind power over the north In¬ 
dian Ocean during May and all-India area-weighted rainfall depar¬ 
tures from normal for June-September 


Year 

P for May 
over southern 
(O-IO'N) 
areas of the 
Arabian Sea 
(10"' W m“^) 

P for May 
over northern 
(10-20“N) 
areas of the 
Arabian Sea 

P for May 
over southern 
(O-IO^N) 
areas of the 
Bay of Bengal 
(10‘‘ Wm"0 

All-India 

rainfall 

departure from 
normal for 
June- 

September (%) 

1972 

1.1 

1.8 

2.9 

-23.4 

1973 

2.6 

2.6 

3.1 

7.5 

1974 

1.8 

3.0 

2.8 

-12.0 

1975 

2.8 

2.7 

3.4 

15.0 

1975 

1.8 

2.2 

5.1 

2.4 

1977 

3.3 

1.3 

3.9 

4.0 

1978 

6.0 

2.8 

7.4 

9.2 

1979 

1.5 

1.7 

5.9 

-18.9 

1980 

2.1 

1.3 

2.4 

3.9 

1981 

5.9 

2.1 

4.3 

-0.2 

1982 

0.3 

0.3 

0.8 

-14.5 

1983 

— 

1.6 

2.0 

12.9 

1984 

3.0 

1.7 

2.8 

-4.3 

1985 

3.0 

2.0 

3.0 

-7.0 

1986 

2.2 

1.8 

— 

-12.0 

1987 

1.6 

1.1 

0.3 

-19.4 

1988 

3.5 

2.2 

6.0 

19.3 

1989 

4.0 

3.4 

7.0 

1.0 

1990 

6.2 

5.8 

7.7 

7.0 

1991 

3.0 

— 

1.3 

-7.0 

— Insufficient marine 

! data. 



low correlation. 




Corresponding to the significant correlation coefficients 

0.59 and 0.51, the linear regression equations are: 

Y 

= - 15.199 +42.978 X,, 



Y 

= -12.084 + 29.354X2, 



where Y is the all-India area-weighted percentage rainfall 

departure from normal for June-September, is the 

average power of wind (W m ) during 

May in the 

atmospheric boundary layer over the Arabian Sea between 

the equator and lO^N, X.^. is the average power of wind 

(Wm~ 

) during May in the atmospheric boundary layer 

over ] 

the north Indian Ocean 

between the equator to 

10°N, 

50°E-100°E. 
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Thermodynamic analysis of 
atmospheric deterioration of 
Portland cement 

Rohit Shrivastav*, Sanjay Kumar Mathur and 
Shobhit Shrivastav 

Department of Chemistry, Dayalbagh Educational Institute, Dayalbagh, 
Agra 282 005, India 

Using thermodynamic data, the effect of atmospheric 
SO 2 and acid deposition on the deterioration of 
Portland cement has been estimated. Though increases 
with acid depositions, deterioration is possible under 
normal atmospheric conditions and even by natural 
rain. Cement deteriorates faster by reacting with SO^ 
than with 

There has been a growing interest in studying the 
deterioration of buildings. Largely, research reports are 
on deterioration processes, mechanisms and weathering 
rates of marble buildings^’Instead of marble, the 
buildings of present time are generally made up of 
concrete, of which cement is an important constituent. 
Studies concerning the deterioration of cemented build- 
ings are quite scanty and no thermodynamic analysis is 
reported for such a decay. Dicalcium silicate (DCS, 
2CaO • SiO^), tricalcium silicate (TCS, 3CaO • Si 02 ), and 
fricalcium aluminate (TCA, 3CaO • AI 2 O 3 ) are three main 
constituents of portland cement, which form a hydrated 
colloid gel of unknown composition on setting of cement. 
The purpose of this paper is to estimate the ther¬ 
modynamic equilibrium between DCS, TCS and TCA 
on the one hand, and gaseous SO^ and of rain on 
the other, and to present a thermodynamic analysis of 
the effect of acid deposition on cement. 


The deterioration of cement in atmosphere 


The reaction of SO 2 mth cement 


The main damage to buildings is caused by the reaction 
between SO 2 gas deposited on or in the building surface 
and the building constituents, specially cement, which 
occurs in the presence of catalysts and under high 
relative humidity. Initially, the constituents of cement, 
i.e. DCS, TCS and TCA, are converted to calcium 
sulphite (CaS 03 ), silica (SiO^) and aluminium sulphate 
(Al 2 (S 04)3 • 6 H 2 O) by SO 2 . In the presence of water 
vapour and other atmospheric catalysts, the process 
may get accelerated. CaS 03 is then rapidly converted 
to calcium sulphate (CaSOJ, which may get 
hydrated to gypsum (CaS 04 - 21120 ) by water and 
oxygen: 
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'2CaO SiOj 

SO, 

’CaSOj O.SHjO ■ 

3CaO • SiO^ 

JL 

CaSOj 2H,0 

3CaO ■ AljO, 

H 2 O 

AySO,), • 6H,0 


H2O 


CaSO^ • 2 H 2 O 
AlfSO^, • 6H2O 


( 1 ) 


The reaction of with cement 

The pH of natural rain (when it is in equilibrium with 
atmospheric CO 2 ) is 5.6. However, the acidity of rain 
increases in the presence of industrial emissions of SO 2 
and NO^. Rain water may dissolve and absorb SO 2 and 
NO^. On reaction with cement, SO 2 and NO^ may form 
gypsum (CaSO^ • 2 H 2 O), calcium nitrate (Ca(N 03 ) 2 ), 
aluminium sulphate (Al 2 (S 04)3 • 6 H 2 O) and aluminium 
nitrate (A 1 (N 03 ) 3 ). In addition, acid rain may also act 
as a solvent for these products'^’ 


■ CaSO^ • 2 H 2 O 

SO^ 

' 2CaO SiOj ' 

A1,(S0^3 • 6H3O 


3CaO • SiOj 

SiO^ 

ir 

3CaO • AI 2 O 3 


NO” Ca(N03)2 

-A1(N03)3 

Si02 


( 2 ) 


Thermodynamic calculations 

Under thermodynamic equilibrium, the standard 
Gibbs free energy depends on the equilibrium con¬ 
stant (A'): 


AG® = -ArinA:, (3) 

where T is the temperature and R the gas constant (1.98 
cal mol"^ K~^). At 298 K, equation (3) becomes 

AG° = -1.36 \gK. (4) 

The S02-cement system 

Determination of ACf 

The mass balance equations “for the reaction between 
SO 2 and cement constituents (DCS, TCS and TCA) can 
be written from Equation (1): 

2CaO ■ Si 02 (s) + 2 SO 2 (g) + 4 H 2 O (1) + O 2 (g) 

= 2 (CaS 04 • 2 H 2 O) (s) + Si 02 (s), (5) 
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3CaO • SiOj (s) + 3SO^ (g) + 6 HjO (1) + l.SOj (g) 

= 3(CaSO, • 2Hp) (s) + SiO, (s), ( 6 ) 

3CaO • AljOj (s) + 6 SO 2 (g) + 12HjO (1) + 30^ (g) 

= 3(CaS0, ■ 2HjO) (s) + AI^CSO^), - 6 Hp (s). (7) 

Using thermodynamic data*, standard Gibbs free 
energy for reactions (5)-(7) can be calculated from 
equation ( 8 ); the values are -169.59, -272.76 and 
- 467.44 kcal mo^^ respectively, 

A G“ = - A . (8) 

Determination of P(S02) 

For the reaction between SO^ and DCS, the equilibrium 
constant is 

ii:= i/p"(S02)-P(02), (9) 

where PiSO^) and PCO^) are partial pressures of SO^ 
and O^, respectively, in the atmosphere. Under ther¬ 
modynamic equilibrium, using equations (4) and (9), 
AG° value (already calculated) and P( 02 ) = 0.20946 atm 
(ref. 7), we get ^( 803 ) = 9.78 x 10“^^ atm. Similar cal¬ 
culations can be made for the reaction of atmos¬ 
pheric SO 2 with TCS and TCA and the obtained 
values of ^( 803 ) are 3.07 x 10"^^ and 1.13 x 10"^^ atm, 
respectively. 

The H^-cement system 
Determination of A Cf 

From equation (2), mass balance equations for the 
reaction of with DCS, TCS and TCA can be written 
as 

2CaO • SiO^ (s) + 4H^ (aq) = 2Ca'^ (aq) 

+ 2 H 20 ( 1 ) + Si 02 (s) ( 10 ) 

3CaO • SiO^ (s) + 6 H^ (aq) = 3Ca'^ (aq) 

+ 3H20(1) + Si 02 (s) ( 11 ) 

3CaO • AI 2 O 3 (s) + 12H‘^ (aq) 

= 3Ca"^ (aq) + 2 A 1 ^'^ (aq) + 6 H 2 O ( 1 ) ( 12 ) 

Using thermodynamic data, the standard Gibbs free 
energy for reactions ( 10 )-( 12 ) can be calculated; the 
values are -58.43, -106.02 and - 153.34 kcal moT', 
respectively. 


Determination of pH 

The equilibrium constant for the H'^-DCS reaction is 

K = a\C2i^^)/a\U\ (13) 

where a(Ca^^) and fl(H^) refer to the activities of Ca^'^ 
and H^. Under equilibrium conditions, using Equation 
(4), (13) and value, we get 

pH = 10.74-0.5 lga(Ca"^). (14) 

Similar equations for pH developed in case of TCS and 
TCA are 

pH = 12.99-0.5 lga(Ca"'^), (15) 

pH = 9.4-0.25 lg^(Ca"^)-0.17 lga(Al^^). (16) 

For the interaction of H"" with DCS, TCS and TCA, 
equations (14), (15) and (16), respectively, give the 
relationship between pH, < 3 (Ca^'^) and a(Af0- Some 
results are shown in Table 1. 

The negative values of Gibbs free energies for the 
reaction of DCS, TCS and TCA with SO 2 and H"^ 
indicate that these reactions are thermodynamically 
feasible. For the reaction of SO 2 with DCS, TCS and 
TCA, the equilibrium partial pressure of SO 2 required 
is of the order of 10"^^-10"^^ atm. However, background 
partial pressure of SO 2 in the natural atmosphere is of 
the order of 10"^^ atm (ref. 7). Thus, the above-mentioned 
reactions occur spontaneously in the atmosphere. In a 
polluted atmosphere the SO 2 concentration is increased, 
^ ^ <^nonnai < 0 - the deterioration of 

buildings is accelerated. 

With the decrease in pH, a(Ca^'^) and ( 3 (A 1 ^'^) increase 
(Table 1), showing that acid rain leads to faster deteriora- 


Table 1. Relationship between pH, a(C3?'^ 
and a(Ap^ for DCS, TCS and TCA 



pH 

a(Ca^'") 


DCS 

11.24 

10'^ 

_ 


10.24 

10 

— 


9.74 

itf 

_ 


9.24 

10^ 

— 

TCS 

13.49 

10"^ 

_ 


12.49 

10 

— 


11.99 

10^ 

— 


11.49 

10^ 

— 

TCA 

9.82 

10'^ 

10"^ 


9.48 

10“^ 

10 


9.31 

10"^ 

10^ 


9.14 

10”^ 

10^ 


9.32 

10 

10"^ 


9.07 

10^ 

10"^ 


8.82 

10^ 

10“^ 
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tion of buildings. A pH of 5.6 is often regarded as the 
acidity of natural rainwater and calculations show that 
even alkaline rain may also damage cemented surface 
considerably. Since Gibbs free energies for SO^ inter¬ 
action are more negative than for interaction, the 
deterioration is likely to be faster due to SO 2 reaction 
with buildings. 

Thermodynamic calculations show that (1) interactions 
between major constituents of cement and SO^ and 
are possible in the atmosphere, (2) cement deteriorates 
faster by reacting with SO, than with and the 
deterioration is possible under normal atmospheric con¬ 
ditions and even by natural rain and (3) acid deposition 
increases the rate of deterioration. 

Finally, it should be stated that correct predictions 
regarding the deterioration of cemented surface by atmos¬ 
phere require both thermodynamic analysis and kinetic 
study of the systems. From this angle the present report 
is only a half exercise. 
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Starved amoebae of D. discoideum aggregate and give 
rise to a long and thin multicellular structure called 
the slug. The cells w^ithin the slug eventually dif¬ 
ferentiate according to a simple anterior/posterior 
dichotomy. This motivates a search for gradients of 
putative morphogens along its axis. Calcium may be 
one such morphogen. On the basis of observations 
made by using the calcium-sensitive fluorescent dyes 


fura-2 and chlortetracycline, we report that there 
are spatial gradients in cytoplasmic and sequestered 
calcium in the slug. Anteriorly located and genetically 
defined prestalk cells (ecmA/pstA, ecmB/pstAB) con¬ 
tain significantly higher levels of calcium than the 
prespore cells in the posterior. However, the propor¬ 
tion of ‘calcium-rich’ cells in the slug is greater than 
that of the subset of prestalk cells deflned by the 
expression of the ecmA or ecmB genes. 

The cellular slime mould Dictyostelium discoideum is 
an excellent system for the study of spatial patterning 
in multicellular development*. One of the main reasons 
for saying this is that the fate map at the ‘embryonic’ 
slug stage in the life cycle of D. discoideum is extremely 
simple, being based on the relative position of a cell 
along the slug axis (anterior prestalk versus posterior 
prespore). 

Traditionally, there have been two broad approaches 
to the problem of pattern formation in multicellular 
development, and these are typified by the words 
‘regulative’ and ‘mosaic’^; the two approaches are not 
mutually exclusive^ Analogously, there are two concep¬ 
tually distinct ways of looking at patterning in D. 
discoideum. One possibility is that starting from a 
homogenous aggregate, relative positions along the long 
axis of the slug cause the cells to adopt different fates. 
This could be the consequence either of local cell-to-cell 
interactions leading to a prepattern"* or of relative position 
per se - as sensed via morphogenetic gradients, say 
(‘positional information’^). A second possibility is that 
cell fates are predetermined before aggregation and the 
cells sort out within the slug according to these fates. 
It is becoming increasingly clear that D. discoideum 
does not follow any one of these strategies to the 
exclusion of the other. Instead, it adopts what may be 
called a policy of multiple insurance and, depending on 
circumstances, makes use of both^. There are feedback 
interactions regulating the relative proportions of 
presumptive cell types^; but there are also gradients of 
putative morphogens along the slug axis (though their 
interpretation is not straightforward^). On the other hand, 
it is known that differences in preaggregation phenotype 
can bias cell fate in heterogenous populations^'***. We 
have shown that naturally occurring variations in cellular 
calcium between preaggregation amoebae anticipate 
future prestalk-prespore differences**. Based on the find¬ 
ings reported here as well as other results, it appears 
that the calcium ion is a candidate morphogen at the 
slug stage. 

It has long been hypothesized that calcium could be 
important for cell differentiation and morphogenesis in 
D. discoideum. A high concentration of externally added 
calcium has been claimed to induce differentiation of 
stalk-like cells*^, and we have substantiated this recently 
(R. Baskar and V. Nanjundiah, in preparation). Calcium 
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behaves as a second messenger in transducing external 
cyclic AMP signals^in particular, it regulates 
intracellular contractile filament assemblyOn these 
grounds, we have previously suggested that an anterior- 
posterior gradient of calcium could be responsible for 
the differential motive force driving slug movement*^ 
and, more generally, might play a role in the estab¬ 
lishment of the prestalk-prespore pattern in the slug. 

Maeda and Maeda^"'^ made use of atomic absorption 
spectroscopy, “^^Ca labelling and alizarin red staining 
to demonstrate an anterior-posterior difference in total 
(= free + sequestered) calcium within the slug, but their 
methods left open the possibility of differential uptake 
of "^^Ca or alizarin red between the two cell types. 
Tirlapur et al}'^ showed with the help of calcium-chlor- 
tetracycline fluorescence that there is an in vivo anterior- 
to-posterior spatial gradient of sequestered calcium in 
the slug. With the . help of the calcium-sensitive 
fluorophores quin-2 and fura-2 and cells dissociated 
from the slug, Abe and Maeda^^' inferred the existence 
of a cell-type-specific difference in cytoplasmic calcium 
levels. This was confirmed by Saran et by monitoring 
light emission from amoebae that had been transformed 
with the cDNA for jelly fish apoaequorin and allowed 
to form slugs. Schlatterer et used a fura-2-dextran 
conjugate to measure cytoplasmic Ca^"^ but did not report 
any cell-type-specific differences. 

A direct demonstration of an in vivo spatial gradient 
of cytoplasmic (free) calcium in the slug would be 
important because the cytoplasmic pool is the best 
candidate for a mediator of the downstream effects of 
calcium in the cell (a nuclear pool would also be a 
candidate, but we do not know whether one exists). We 
demonstrate below that within intact slugs, both cytoplas¬ 
mic and sequestered calcium are higher in prestalk cells 
than in prespore cells. However, as judged by cell 
counts, some calcium-rich cells, also falling within the 
prestalk category, do not express the prestalk-specific 
ecmA or ecmB genes. 

The experiments involved the wild-type strain NC4 
and the axenic strain Ax-2 of D. discoideum. Fura-2 
was obtained from Molecular Probes; all other chemicals 
were of analytical grade and purchased locally. Haploid 
NC4 amoebae were raised on pregrown lawns of 
E. coli K 802, starved and allowed to develop on nutrient- 
free agar plates as previously described’^. For monitoring 
free Ca^^ we loaded amoebae by electroporation with 
the Ca""" -sensitive fluorescent indicator fura-2 (ref. 22). 
Fura-2 was added at a final concentration of 90 |LiM to 
a 100 |il aliquot of a freshly starved cell suspension 
(1-3.10^ cells/ml in 50 mM sucrose solution) and 
electroporation performed in a BioRad Gene Pulser using 
a single low-voltage electric pulse (0.09 kV/mm, 25 |iF, 
200 ohms, cuvette width 1 mm). Amoebae were 
revived in HMK buffer (20 mM Hepes-NaOH, 5mM 


MgClj, 100 mM KCl, pH 6.9) at room temperature 
immediately thereafter. Excess dye was removed by 
centrifugation and the cells were dispersed on non¬ 
nutrient agar plates. The slugs which eventually 
developed were photographed under bright-field or UV 
illumination (Zeiss Axioskop fluorescence microscope 
filter set 02; broad band excitation filter around 365 nm, 
high-pass emission filter beyond 420 nm) using a Kodak 
400 ASA film and automatic exposure control. 

A second set of experiments involved staining with 
neutral red (NR) and chlortetracycline (CTC). NR is a 
vital dye that stains autophagic vacuoles present in 
prestalk cells, both those in the anterior region as well 
as those within anterior-like cells in the posterior region 
of the slug^'^’^'^; CTC fluorescence is an established 
marker of membrane-associated Ca'"^ (ref. 17). For 
visualizing a subclass of genetically defined prestalk 
cells we made use of the transformants pDd63 and 
pDd56. These carry the Escherichia coli lacZ gene under 
the control of cell-type-specific promoters for the Die- 
tyostelium genes which encode extracellular matrix 
proteins EcmA and EcmB, respectively^^’The trans¬ 
formants, kindly made available by Dr J. Williams, are 
derived from the haploid axenic strain Ax-2, whose 
developmental phenotype is for all practical purposes 
identical to that of NC4. Both transformants carry a 
gene for neomycin resistance and were grown on 
neomycin-resistant Klebsiella aerogenes (a gift from Dr 
D. Welker) on a 2% agar medium containing the 
neomycin analogue G418 at a concentration of 80 }ig/ml. 
In order to simplify the terminology, we refer to slugs 
derived from the respective transformants as ‘ecmA 
slugs’ and ‘ecmB slugs’. Staining with 0.005% NR or 
40 jiM CTC was carried out on freshly starved amoebae 
as previously described‘s. 

The same amoebae were stained with both NR and 
CTC and allowed to develop until the slug stage in 
order to form an estimate of the degree to which there 
was an overlap in the corresponding patterns (of red 
colour and fluorescence). Using a standard protocof^ 
p-galactosidase activity was visualized in other slugs 
that were approximately of the same age. For the purpose 
of counting, single slugs were squashed under cover 
slips and individual cells observed. under high power. 
It would have been desirable to carry out all three 
procedures - NR staining, CTC staining and staining for 
P-galactosidase enzyme activity - on the same slug. Un¬ 
fortunately, this was not possible because NR staining 
disappeared upon fixation. 

Essentially all amoebae were successfully electroporated 
and showed a diffuse cellular fluorescence, indicating that 
the dye was not sequestered (Figure 1 a). This was the 
typical outcome after incubation at room temperature. On 
the other hand, amoebae that were incubated in cold 
HMK buffer after electroporation showed punctate 
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I'igure 1. Bright field and fluorescence photographs: a. of amoebae freshly electroporated with fura-2; b. of late tipped aggregates- and c of 
slugs (both pairs). An individual amoeba is about 10 pm in diameter; linear dimensions in the remaining photographs ate approximately 035 
mm, 0.75 mm and 1 mm, respectively. ^ ' 








CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


339 









RESEARCH COMMUNICATIONS 



Figure 2, ecmA (a) and ecmB (Z») slugs stained with neutral red (NR; a marker of presiaik cells;, chlonetracyciine (CTC; a fluorescent indicator 
of sequestered calcium) and P-galactosidase activity (in colour; an indicator of the spatial distribution of expression patterns of the ecmA and 
ecmB genes, respectively). In each case, NR staining and CTC fluorescence patterns show the same slug. 


fluorescence, suggesting sequestration of fura-2 within 
or.ganelles (not shown). As judged by trypan blue ex¬ 
clusion and ethidium bromide staining, approximately 
70% of the amoebae remained viable following 
electroporation. 

The earliest slugs were observed about 15 h after 
starved amoebae were dispersed on agar. Fluorimetric 
ratio measurements were carried out on lysates of equal 
numbers of pooled cells dissociated from anterior or 
posterior slug fragments after adding 1 mM CaCl,. There 
is no difference in fura-2 content between prestalk and 
prespore cells: with 10^ cells/ml before lysis, the ratio 
of fluorescence emission at excitation wavelengths 340 
nm and 380 nm was the same in both cases (not shown). 


Development was followed by carrying out intermittent 
observations under fluorescence optics. Here we note 
that the filter combination used by us does not distinguish 
between free and Ca"'^-bound fura-2, but in view of the 
fact that the total fura-2 content was the same in both 
cell types, this does not affect any of the interpretations 
to follow. 

One first notices a clear spatial segregation of fluores¬ 
cence after aggregation is completed, at the stage of 
tip formation: the tip fluoresces more intensely than the 
rest of the aggregate (Figure 1 b). By the time a slug 
has formed, the contrast intensifies and Ca"^-fura-2 
fluorescence appears to be confined to the anterior 
prestalk portion of the slug (Figure 1 c). The extent of 
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Table 1. Percentages of amoebae staining with neutral 
red (NR) and displaying Ca^'^-CTC fluorescence and of 
amoebae staining for p-galactosidase activity 



NR 

Ca^*-CTC 

P-gal 

ecmA slugs 




Slug 1 

28.57 

20.00 

28.57 

16.67 

15.20 ±2.75 

Slug 2 

18.75 

26.67 

12.50 

16.67 


Average 

23.50 

18.60 


ecmB slugs 




Slug 1 

33.33 

26.32 

29.62 

31.58 

15.63 + 2.52 

Slug 2 

34.48 

30.77 

20.69 

23.08 


Average 

31.23 

26.24 



NR, neutral red; p-gal, p-galactosidase. 

Data in the first two columns were derived from counts 
on about 100 cells from each of two different slugs. 

P-gal in slugs derived from ecmA and ecmB transfor¬ 
mants. 

p-gal-positive cells were counted from other slugs (last 
column, mean±s,d. from about 150 cells observed from 
each of the four slugs). 

the fluorescence-positive region varies from experiment 
to experiment and constitutes about 5-20% of the total 
slug length. Independent support to this figure was 
obtained from flow cytometric analysis of celh suspen¬ 
sions derived from fura-2-labelled slugs. Approximately 
17% of the cells exhibited fluorescence levels in excess 
of the background fluorescence of unstained amoebae 
(not shown). Figure 2 a displays the similarities between 
ecmA gene expression, NR staining and Ca^‘*’-CTC 
fluorescence, and Figure 2 b shows the same in the case 
of ecmB gene expression. 

NR stains all the prestalk cells in the slug’s anterior 
as well as the anterior-like cells in the slug’s posterior^^’^'^; 
the latter are not clearly visible in Figures la and b. 
Table 1 shows that based on NR staining, the overall 
fraction fated to form stalk is 23.50% (ecmA slugs) 
and 31.23% (ecmB slugs). Among these, between 79% 
and 84% are positive for Ca^'^-CTC fluorescence. The 
visual appearance of fluorescence distribution in slugs 
formed from CTC-labelled amoebae is sufficiently con¬ 
sistent for us to believe that whatever the actual per¬ 
centages involved, this is a general result. In short, 
some cells that are positive for NR do not exhibit 
Ca'^-CTC fluorescence. In contrast to this, barring just 
one exception, every cell in our sample that was positive 
for Ca“'^-CTC fluorescence was also stained by NR. 
About 65% of the NR-positive cells are positive for 


ecmA gene expression; the corresponding percentage in 
the case of ecmB gene expression is about 50% 
(Table 1). In ‘ecmB slugs’ the percentages of NR-posi¬ 
tive and p-galactosidase-positive cells are on the high 
side, but in our experience not outside the range of 
variation normally encountered. 

The Ca^"^—fura-2 fluorescence distribution in the slug 
appears to be restricted to a slightly smaller fraction of 
the slug’s anterior than the NR- or CTC-stained regions 
(compare Figure 1 with Figures 2 a, b). Whether this 
difference is real or an artefact arising from different 
strains and different experimental conditions remains an 
open question for the present. It may be that cells with 
a relatively high level of cytoplasmic Ca^'' constitute a 
subset of all cells with relatively high levels of sequestered 
Ca^\ but such an inference would be in conflict with 
data derived from other experiments based on the use 
of a different Ca^'^-sensitive fluorescent dye, Indo-1 
(Azhar et aL, in preparation). On the whole, it is our 
impression that cells that contain high levels of se¬ 
questered Ca^^ also contain high levels of cytoplasmic 
Ca^\ and we are in the process of verifying this. 

As explained, we could not carry out staining for NR 
(or CTC) and p-galactosidase activity in the same slugs. 
Therefore, it is difficult to quantitate me relative per¬ 
centages of NR-positive (or Ca^'^-CTC-* iiiorescence-posi- 
tive) and P-galactosidase-positive cells. Going by the 
numbers in Table 1, the indication is that ecmA- or 
eemB-positive cells belong to a larger class of ‘cal¬ 
cium-rich’ cells, and further that the latter are, in turn, 
members of a still larger class of all NR-positive cells. 

The qualitative picture is clearer: there is a significant 
overlap between patterns of NR staining, Ca'^-CTC 
fluorescence and gene expression. This feature is espe¬ 
cially striking in the case of the ecmA pattern. A 
comparison of Figure la with Figure 1 further shows 
that in the case of ecmA gene expression (pstA cells) 
the overlap also extends to the distribution of Ca“^-fura-2 
fluorescence. Close examination of Figure 2 b shows 
that the ecmB pattern (pst AB cells) is, as expected^^, 
restricted to a roughly cylindrically shaped portion within 
the prestalk region. This cylindrical core is not picked 
out as a special region by any of the other stains (NR, 
CTC or fura-2). 

Our conclusions are as follows: 

(a) As judged by fura-2 fluorescence, there is a spatial 
gradient of cytoplasmic Ca^’^ between the anterior (pre¬ 
stalk) and the posterior (prespore) regions of Dictyos- 
telium slugs and the gradient is first perceptible at the 
tipped aggregate stage. The apparent all-or-none aspect 
to Ca^'^-fura-2 fluorescence (Figure 1) suggests that the 
cellular distribution of calcium is bimodal. To put it 
differently, the ranges over which Ca^"^ levels vary in 
prestalk and prespore cells do not overlap. These ob¬ 
servations were reported at a meeting^^ at which Cubitt 


CURRENT SCIENCE, VOL. 68, NO. 3,10 FEBRUARY 1995 


341 


RESEARCH COMMUNICATIONS 


er al^ also presenlcd similar data (derived independeatly 
fincMi the use of aequodn fluorescence as a monitor of 
cytoplasmic Ca?*). 

(b) Tte Ca^-CTC fluofescence pattern indicates that 
cell-type-specific differences in sequestered calcium are 
similar to those in cytoplasmic calcium. Flow cytometry 
on CTC- and fiiiarl- or indo-l-$tained amoebae rein¬ 
forces this feeling (not shown). A possible inference is 
that the same cells have high (or low) levels of se¬ 
questered and cytoplasmic Ca^^. This needs to be 
ligmously substantiated. 

(c) There is a partial overly between those cells in 
anterior of tl^ slug that belong to the prestalk 

categmy (as judged by NR staining), those that have 
high levels of sequestered Ca^^ (as judged by Ca^^-CTC 
fluorescence) and timse that constitute genetically defined 
prestalk cells exfnessing the ecmA or ecmB geiies (as 
judged by staining fenr p-galactosidase activity in trans¬ 
formants). 

(d) The piestalk class is known to be heterogenous with 
regard to ^>atial patterns of gene activity and not all 
cells that are visibly stained with NR express the ecmA 
or ecmB genes^. By showing that essentially all Ca^^-rich 
cells fidl within the prestalk category but some do not 
belong to the ecmA or ecmB classes, our data highlight 
a diflerooit a^pedt oi piestalk cell heterogeneity (Table 1). 
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Annual Review of Physiology 1994. 
Joseph F. Hoffman (ed.). Annual 
Reviews Inc,, 139 El Camino Way, 
Palo Alto, California 94303-0897, P.O. 
Box 10139, USA. 1994. Volume 12. 
Price: USA $ 48, elsewhere $ 53. pp. 
1094 


This volume of The Annual Review of 
Physiology, carries 32 review articles in 
various branches of physiology. This book 
has a wide range of topics such as ‘Synap¬ 
tic transmission in the outer retina’,* 
‘Transgenic rats: New experimental 
models for the study of candidate genes 
in hypertension’, etc. Researchers in 
various areas of Biochemistry and 
Molecular Biology are likely to find at 
least a few articles of their interest 

The section on cellular and molecular 
physiology has reviews on calmodulin, 
cAMP and cGMP-dependent protein 
kinases, modulation of ion channels by 
phosphorylation and and phospho- 
inositides as regulators of actin assembly, 
Sharron Francis and Jackie Corbin have 
provided an up to date review of our 
understanding of the structure and func¬ 
tion of cyclic nucleotide-dependent 
protein kinases. Mechanism of regulation 
of enzyme activity, genes coding for these 
kinases, their chromosomal location and 
generation of various forms by alter¬ 
native splicing are also discussed in this 
article. 

In the review on ‘Modulation of ion 
channels by protein phosphorylation and 
dephosphorylation’ by I. W. Levitan, the 
author has described regulation of various 
ion channels, ligand gated as well as 
voltage gated, by various protein kinase 
signalling pathways. Like many other 
reviews in this volume this also is one 
of fundamental interest to workers in 
various areas of modem biology. ‘Among 
the many potential molecular mechanisms 
for modulating the activity of membrane 
proteins such as ion chaimels, protein 
phosphorylation has been chosen by cells 
to play a particularly prominent part; this 
is because protein phosphorylation plays 
a central role in a wide variety of cellular, 
metabolic and signalling processes’, 
argues the author. 

The section on endocrine physiology in¬ 
cludes four articles on the following topics: 
role of ATP in insulin action, and 
hormone action, regulation of protein syn¬ 
thesis by insulin, and phosphoinositide 


phospholipases and G proteins in hormone 
action. In this last mentioned review 
J. H. Ex ton has critically reviewed 
the recent work on the regulation of 
phosphoinositide-specific phospho¬ 
lipases, (there are at least 16 isoTymes) 
by various G proteins. This regula¬ 
tion by hormones involves an unex¬ 
pected degree of complexity in that 
the phospholipases involved can be 
stimulated not only by the a-subunits 
of certain G proteins but also by 
pt complexes. 

Under die category of special topics, 
there are three reviews on (1) control of 
Ca^^ release in functioning skeletal muscle 
fibre, (2) rynodine rec^tor/Ca^'*^ release 
channels and their regulation by endo¬ 
genous effectors, and (3) structure and 
development of E.C. (exdtation-^ntrac- 
tion) coupling units in skeletal muscle. 
Comparative physiology section has two 
articles; (1) thermogenesis in muscle and 
(2) evolutionary physiology. Respiratory 
physiology and neurophysiology sections 
have three articles each. 

Of particular interest are the articles 
under the section on cardiovascular 
physiology; all of these articles concern 
the use of molecular biology approaches. 
These are (1) Molecular genetic app¬ 
roaches to the study of human cardiovas¬ 
cular disease, (2) Complex noodels for 
the study of gene function in cardiovas¬ 
cular biology, (3) Insights into lipoprotein 
metabolism from studies in transgenic 
mice, and last but not least (4) Transgenic 
rats: new experim^tal models for the 
study of candidate genes in hypotension 
research. The last article also describes 
methods for generating transgenic rats. 
Although it is not known exactly which 
genes are involved, several candidate 
genes have been proposed to be related 
to hypertension. The advantages of using 
transgenic rats rather than transgenic mice 
for hypertension research are also dis¬ 
cussed. Application of these techniques 
and targetting of new candidate genes for 
identification of the genetic basis will 
have implications for diagnosis and 
prevention of this disorder. Rom these 
and several other articles in this volume 
it is quite clear that molecular biology 
approaches have become an integral part 
of almost every area of researdh in biology 
including physiology. 

The reviews in this volume arc wc^ 
written by the experts in dieir areas of 
research. These articles also provide many 


refoences for mofc detailed reading. 

GHanshyam Swarup 

Centre for Cdbdar and 
Molecular Budogy 
Uppal Road 

Hyderabad 500007„ India 


Bacterial Pallifig»ie^ A Mniccnlar 
Approadh. Abigail A Salyois ai^ Dixie 
D. Whitt, American Sodiely for hOcrobio- 
logy Press, WashkiglrMi, DC 20005, USA 
1994. 418 pp. Price: £ 35. 


Microbiologists raidea^Miring to delve 
deqi»ar into the molecular biok^ of bac¬ 
terial padM^^dty seem to have come 
of age. IMs is indicated by the poldicatiofi 
of the first textbook on die molecnlar 
me chanisms undeilyiiig bacterial padio- 
graiesis. Prim to its publication the onfy 
two other bo<As (teviewed^^ earlier) 
available on the subject were in the form 
of conopOatioDS of highly anihodtative 
reviews addressed primarily, though not 
solely, to researdhe^ in the fidcL Hus 
bocA fulfil die ardent iieed of die students 
and die teadieis alike who wish to gain 
a fair degree of insight into the Imsl- 
bactraium inleiactions at mokcular 
level. The text has been neatly divided 
into three parts-Part 1: IntrodnclicHi to 
host-pararite intonacdons (Chsq^^ters 1-8); 
PSait II: Paradigms of bacterioin-4iost in- 
teracdons (Chapters 9-21); Part Ml: Fritnre 
diallenges (Chaptos 22-28). 

Part I, a prdude to the sntyedt, presents 
an ovmnew of am auiay of hadeiM 
virulence foctors vriiich mpdiaie paiho- 
graos’ colcHiization and damage to das 
host (Chafers 1 and 2) and Imst defooces 
meant to thwaut diese onslan^ts (Chap- 
teis 3 and 4). The regaladon of virukiMx 
factors (Chapter 5), though a part of dris 
prelude, shcmld have he^ dealt with in 
more d^ail as it would liable the reacts, 
espedaBy the students, to umleisland bet¬ 
ter several of Hr: medianisins^ discussed 
latm* in die book. It has been very thoo^- 
M of the authors to incliHk a cliapl^ 
on expmmental ^proaches to invesdgat- 
iug imst-badteriom siileiactioiis (Oilier 
6). Caveats in this chapter wmM immen¬ 
sely help pmsf^ctive leseardim to sebod 
suitable animal mocMs aod aq^oqpriate 
molecular techniques while trying to 
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address specific problems related to 
molecular aspects of the life of bacterial 
pathogens. Chapters 7 and 8 bring out 
the practical importance - namely rational 
designing and development of newer vac¬ 
cines and tackling antibiotic-resistant bac¬ 
teria-of unraveling the molecular basis 
of bacterial pathogenesis. 

Part II presents a detailed account of 
different paradigms of bacterium-host in¬ 
teractions, each exemplified by a group 
of pathogens having similar or related 
virulence strategies. The pathogens 
selected are fascinating examples of host- 
pathogen interactions. 

The paradigms where exotoxin produc¬ 
tion is pivotal to pathogenesis and follows 
colonization by pathogen of the host sur¬ 
face have been illustrated by Cory- 
nebacterium diphtheriae (Chapter 9), 
Streptococcus pyogenes (Chapter 10), 
Vibrio cholerae (Chapter 12) and Bor- 
detella pertussis (Chapter 13) whereas 
food-borne toxinoses due to Clostridium 
botulinum, C. perfringens and Staphylo¬ 
coccus aureus (Chapter 11) represent 
paradigms of disease without colonization. 
The molecular underpinings of the well- 
understood aspects of their pathogenicity 
have been presented in detail. Molecular 
mechanisms underlying the newer aspects 
- superantigenic properties of staphylo¬ 
coccal and streptococcal toxins, toxic 
shock syndrome toxin-lipopolysaccharide 
(TSST-LPS) synergy, startling connec¬ 
tions between botulinal and tetanus toxins, 
discovery of Zot (zona occludens roxin) 
and Ace (Accessory cholera cnterotoxin) 
toxins of Vibrio cholerae and autoimmune 
response to Fha (Filamentous Haemag- 
glutinin) as a possible cause of neurologi¬ 
cal damage following Bordetella pertussis 
infection/vaccination - have been dis¬ 
cussed briefly, 

A novel mechanism involving host- 
cell-actin-mediated invasion and spread 
of pathogens has been discussed in context 
to Shigella (Chapter 14) and Listeria 
monocytogenes (Chapter 15) infections. 
The versatility of F. coli as a pathogen 
has been presented by focusing on its 
ability to cause an amazing variety of 
gastrointestinal (Chapter 16) and urogeni¬ 
tal (Chapter 17) infections and the 
molecular bases thereof. This chapter also 
incorporates newer concepts such as 
virotyping and recent findings like RTX 
(repeats in toxin) toxins, Bfp (Z^undle 
/orming pili), emergence of haemorrhagic 
E. coli (0157:B7 strain) and the possibility 


of E. coli STa (stable toxin, subunit a) 
mimicking a normal hormone called 
guanylin. 

Yersinia (Chapter 18) and Salmonella 
(Chapter 19) infections have been dis¬ 
cussed as paradigms of host-pathogen 
interactions involving highly invasive bac¬ 
teria. Besides discussing the molecular 
mechanisms of their virulence deter¬ 
minant; reasons underlying the unusually 
higher degree of invasiveness exhibited 
by Yersinia pestis and Salmonella typhi 
compared to their respective kins have 
been explored. Rechristening of ‘YOPS’ 
(yersinia Outer-membrane proteins) as 
‘yops’ and drastic revision of the earlier 
views about invasins. Ail (attachment-m- 
vasion /ocus) and Yad (Kersinia <3^esion) 
as the important virulence factors of Yer¬ 
sinia spp. constitute important pieces of 
information. These chapters also introduce 
the readers to an entirely new, though 
totally speculative as yet, hypothesis of 
‘antivirulence’ factors. 

Many pathogens try to escape the 
onslaught of a host’s specific immune 
response by constantly changing their an¬ 
tigenic structure. Neisseria gonorrhoeae 
is an exquisite paradigm for such host- 
pathogen interactions. Chapter 20 discus¬ 
ses in detail the molecular mechanisms 
underlying antigenic variation, viz. homo¬ 
logous recombination, slipped strand 
mispairing and sialyation of lipopolysac- 
charides, and the consequent antigenic 
challenges it poses for the development 
of successful vaccines. 

Interactions of Pseudomonas aerugi¬ 
nosa with the host constitutes yet another 
paradigm - that of opportunistic pathogens 
(Chapter 21). Why is F. aeruginosa an 
opportunist and not a frank pathogen? 
This question has been reasoned convinc¬ 
ingly. The molecular bases of an array 
of its virulence factors, viz. adhesins, 
exoenzyme S, exotoxin A, elastase and 
alginate, have been presented succinctly, 
A brief reference to other important 
opportunists, namely, Staphylococcus 
epidermidis and Bacteroides frdgiliSy has 
also been made. 

Part III, aptly entitled ‘Future 
challenges’, deals with those bacterial dis¬ 
eases for which very little is known about 
the host-pathogen interactions at the 
molecular level. These include gastric and 
duodenal ulcers (Chapter 22), pseudo¬ 
membranous colitis (Chapter 23), Lyme 
disease and syphilis (Chapter 24), 
legionnaires’ disease (Chapter 25), tuber¬ 


culosis (Chapter 26), streptococcal 
pneumonia (Chapter 27), and streptococ¬ 
cal sore throat, rheumatic fever and 
glomemlonephritis (Chapter 28). The 
authors have strived hard to provide 
whatever scanty information is available 
on the molecular underpinnings of various 
vimlence factors of the etiologic agents 
responsible for these diseases, though 
most of the time the discussion remains 
centred around virulence factors per se. 
Apart from making the readers aware of 
the paucity of information in these areas, 
these chapters serve to identify several 
hurdles which must be surmounted before 
significant inroads can be made into the 
molecular biology of the pathogens im¬ 
plicated in these diseases. These chapters 
also bring into focus those areas of bac¬ 
terial pathogenicity which await seminal 
discoveries and would serve best to 
beacon enterprising researchers, especially 
those of the pioneering kind. 

Interestingly, even though the authors 
have scrupulously avoided incorporation 
of many bacteria, the book covers a full 
range of paradigms of host-pathogen in¬ 
teractions and incorporates information 
from the most authoritative sources only. 
As the division of the text is neat, the 
focus is pointedly sharp on the molecular 
mechanisms of bacterial pathogenicity. 

The boxed highlights are an assemblage 
of interesting historical facts, astute 
epidemiological work-ups and recently 
reported novel findings which impart a 
good degree of liveliness to the book. 

The authors have toiled hard to make 
the text extremely lucid and the presen¬ 
tation immensely readable. The questions 
given at the end of each chapter and 
their answers (Appendix 4) would serve 
the dual purpose of self-evaluation by 
the readers and of provoking original 
thinking on the subject. 

This book will be of much use to 
students, teachers and researchers in 
diverse fields who, in any way, are con¬ 
cerned with the pathogenicity of bacteria. 


1. Virdi. J. S., Curr. ScL, 1993, 64, 118-119. 

2. Virdi, J. S., Curr. ScL 1993, 65, 798-799. 


J. S. Virdi 

Department of Microbiology 
University of Delhi South Campus 
Benito Juarez Road 
New Delhi 110 021, India 
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Solar Electricity. Tomas Markvart (ed.). 
UNESCO Energy Engineering Learning 
Package (Vol. 1). John Wiley, Chichester. 
1994. 1st Edition (xix + 228 pages). Price 
not mentioned. 


There has been a keenly felt need for 
quite some time for a textbook on Solar 
PV Electricity suitable for advanced 
undergraduate students doing a course on 
Solar Energy Utilization. Available books 
so far were either advanced texts and 
monographs, manuals for technicians or 
descriptive books for policy makers and 
general public. The book under review 
fills this gap and is thus very timely. 
Markvart, the editor, the galaxy of con¬ 
tributing authors and UNESCO have to 
be congratulated for bringing out this 
beautifully produced and properly sized 
textbook. Let us hope it will be suitably 
priced to enable students to own a copy 
individually. 

Selection of topics and the level of 
treatment are just right for covering this 
fast growing field comprehensively for 
an introductory course. Being the product 
of team work, readability has occasionally 
suffered but it has been amply compen¬ 
sated by the breadth of content and 


detailed insights. There is reasonable 
balance between scientific, engineering, 
industrial and end use aspects. Inclusion 
of life cycle costing, upcoming option of 
solar PV linked hydrogen systems and a 
full chapter on environmental implications 
make this book uniquely uptodate. It is 
also suitable for a much wider readership 
such as professional energy engineering 
courses, in service training programme 
and for self-learning in view of the 
material covered. 

From a strictly pedagogic point of view, 
the reviewer feels that chapter summaries 
are too brief to be useful and could well 
be omitted. Answers to very useful self- 
assessment questions could also be located 
for all chapters at the end of the book. 
Contents wise, clarity could be improved 
by considering the following points: 

Relationship of p-n junction potential 
barrier to bias (Figs. 3.5) and relevance 
of bias to an illuminated solar ceU need 
to be explained in greater detail, as they 
are basic to understanding. 

In sizing procedures, storage sizing (Fig. 

4.20) needs more explanation whereas 
sizing and reliability flow sheet (Fig. 

4.21) is hardly relevant for an introductory 
stage. 

In applications (Sec. 5,4.3, page 141), 


conceptual clarity and units are masked 
if hydraulic energy is divided by average 
daily solar radiation (kwh/m^day) rather 
than hours of peak radiation, even though 
they are numerically equal. 

It is hoped that there will be consid¬ 
erable feedback to the editor from actual 
users of the book world wide to enable 
finer tuning of the material to its textbook 
objectives in its subsequent editions. 

The book has a comprehensive list of 
contents and an exhaustive index. It is 
also singularly free from printing mistakes 
(the reviewer noted only two: page 16, 
equation 2.7 should have G and not D; 
page 28 line 3 should have contrast and 
not contract). Line diagrams are clear and 
complete and boxed flow sheets are really 
very helpful for understanding. The book, 
as it stands, is quite an achievement 
and is bound to go into many editions 
and translations for use all over the 
world. 

C. L. Gupta 


Sri Aurobindo International 
Centre of Education 
Applied Science Group 
Pondicherry 605 002, India 
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Prof. John Barnabas (1929-1994): An obituary 


Prof. John Barnabas was bom on October 
12, 1929, in Mangalore. After his school¬ 
ing in Mangalore, he got his bachelor’s 
degree from the University of Madras. 
He studied for his master’s degree at the 
University of Bombay and later got his 
Ph D from the University of Poona. 

In 1954, he began his career in a small 
town college, the Ahmednagar College, 
which had been started by his family in 
1947 for making higher education avail¬ 
able to the young people from interior 
Maharashtra. He was a very successful 
teacher and taught in Ahmednagar College 
for 29 years as a lecturer to undergraduate 
students and later in the capacity of the 
Head of the Department to postgraduate 
students. He was a postdoctoral* fellow 
at Yale University, USA (1958-1959), 
and at the University of Groningen, 
Netherlands (1960-1961). His postdoc¬ 
toral work on fusion haemoglobin, the 
‘Haemoglobin-lepore Hollandia’, greatly 
stimulated his interest in the haemoglobin 
molecule. 

In 1963, he started the biochemistry 
department at Ahmednagar College which 
grew under his leadership to develop into 
the Post Graduate School for Biological 
Studies, which trained students for M Sc 
and PhD degrees in biochemistry and 
organic chemistry and has been an inter¬ 
disciplinary centre for research in life 
sciences. Barnabas supervised 15 students 
for their Ph D degree in biochemistry in 
the area of molecular evolution. During 
his tenure as a college teacher, he had 
received many honours, including the S. 
S. Bhatnagar Award (1974), Fellow of 
the Indian Academy of Sciences (1976), 
Fellow of the Indian National Science 
Academy (1979) and the Jawaharlal Nehm 
Fellowship (1983-1985). He was also a 
member of the Science Advisory Com¬ 
mittee to the Cabinet during 1983-1985. 

Barnabas entered the field of biochemi¬ 
cal evolution when it was in its infancy 
in the early sixties. He used the 
haemoglobin molecule for probing 
biochemical evolution. Through a study 
of 53 animal species, including mammals, 
birds, reptiles, amphibians and teleost 
fishes, he established that multiple 
haemoglobins occurred widely in ver¬ 
tebrates. Through fingerprint maps of a 


number of haemoglobins at the subunit 
level in die mammalian families Bovidae 
and Muridae, he and his group demon¬ 
strated the presence of many electro- 
phoretically silent haemoglobins as well 
as a common polypeptide chain among 
within-species haemoglobins. Significant¬ 
ly, the invariant two-a-chain profile in 
haemoglobins was first observed by them 
in water buffalo and was shown to be a 
product of duplicated genes, through a 
wider species coverage as well as by 
their expression in the foetal haemo¬ 
globins. 



He realized that in order to discern the 
evolutionary relationships between within- 
species haemoglobins, the sequences of 
the component polypeptide chains as well 
as appropriate approaches for constructing 
phylogenetic trees based on this sequence 
data were needed. Though in the 1960s, 
he and his group made a painstaking 
attempt to determine manually the amino 
acid composition of an easily crystal- 
lizable protein, (3-lactoglobulin of bovids, 
it was difficult to carry out systematic 
sequence studies at Ahmednagar College 
due to lack of facilities. However, in 
collaboration with Prof. Genji Matsuda 
of Nagasaki University, Japan, they con¬ 
tributed to the determination of the se¬ 
quence of a and (3 globins of langur, 
Presbytes entellus. 


During his visit to Prof. Morris 
Goodman’s laboratory at the Wayne State 
University, USA, in 1969, they con¬ 
structed phylogenetic trees of globin 
sequences which established that 
haemoglobin-myoglobin gene duplication 
probably took place after the divergence 
of lampreys, the a-P gene duplication in 
the primitive fishes and the p-y duplica¬ 
tion in the higher primate line. The 
collaboration also resulted in the develop¬ 
ment of mathematically proven methods 
for the construction of phylogenetic trees 
based on the maximum parsimony ap¬ 
proach as well as on the ‘additive 
hypothesis’ approach. Based on these and 
other approaches, they discerned the 
evolution and descent of globin genes 
from their metazoan ancestor in the 
descent of man. 

On his return to Ahmednagar College 
in 1972, for lack of adequate computer 
facilities, he developed a simple par¬ 
simony method, called the zip method, 
for the constmction of ancestral sequences 
for a set of macromolecular sequences 
by hand search operations. Using this 
method, he deduced the evolutionary 
genetics of mammalian globins as well 
as basic patterns of mammalian evolution 
during Cenozoic history and the functional 
innovations in haemoglobin molecule as 
it evolved from a monomer having high 
oxygen affinity and low co-operativity to 
a tetramer having low oxygen affinity 
and high co-operativity. 

During a conference organized by Bar¬ 
nabas at the Green Hill Campus in 
Mahabaleshwar, a discussion with Prof. 
Obaid Siddiqui gave birth to the idea of 
‘Mahabaleshwar Seminars on Modem 
Biology’. These seminars covered the 
frontier areas of modem biology and were 
held at Mahabaleshwar annually since 
1975, being sponsored by Ahmednagar 
College, Tata Institute of Fundamental 
Research and Indian Institute of Science. 
The objective was to stimulate in the 
participants an interest in the frontier 
areas of modem biology and bring them 
in close contact with people working in 
these areas. After Barnabas moved to 
Pune, these seminars are being held in 
other places. 

Having been convinced by molecular 
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geneological studies on haemoglobin that 
biochemical systematics can be used to 
deduce phylogeny of living organisms, 
Barnabas decided to spend a sabbatical 
year during 1979-1980 at Georgetown 
University, USA, where he collaborated 
with Prof. Margaret Dayhoff. They studied 
the major metabolic innovations in the 
Precambrian using information from 
phylogenetic scheme based on the se¬ 
quences of bacterial ferredoxins, 2Fe-2S 
ferredoxins, 5S ribosomal RNA and c-type 
cytochromes. 

Barnabas was a Jawaharlal Nehru Fel¬ 
low at the National Chemical Laboratory, 
Pune, from 1983 to 1985. During this 
time, he reviewed the available informa¬ 
tion, including his own, on evolutionary 
molecular biology and traced the outlines 
of evolution of three kingdoms of living 
organisms, namely, monerans, protists and 
animals. He also examined the evolution 


of the chemistry of iso-prenoids along 
with the diversity spectrum of carotenoids 
in plastids in relation to both algal 
phylogeny and endosymbiotic origins of 
plastids. 

Barnabas took up the position of the 
Head of the Division of Biochemical 
Sciences at National Chemical Laboratory, 
Pune, in mid 1985. In this capacity, he 
reorganized the research activities of the 
division to focus on four major areas: 
plant molecular biology and genetic en¬ 
gineering; structural and evolutionary 
biology; microbial technology and plant 
tissue culture technology. His research 
activities at NCL focused mainly on the 
evolutionary relationships of early 
eukaryotic lineages and major groups of 
land plants as well as the establishment 
of genetic relatedness of closely related 
mammalian species based on mito¬ 
chondrial DNA analysis. He believed that 


by reconstructing evolutionary trees based 
on sequence data of relevant proteins and 
nucleic acids using parsimony and 
bootstrap approaches, the history of living 
organisms from Archean to the Present 
could be retrieved. Further, by combining 
the information from these and other 
phylogenetic scheme with that from the 
traditional approach, which with its em¬ 
phasis on fossil record gave the time 
dimension, one could discern the pattern 
of morphological change to obtain an 
overview of the evolution of prokaryotic 
and eukaryotic lineages. 

Prabhakar Ranjekar 
Shama Barnabas 

Biochemical Sciences Division 
National Chemical Laboratory 
Pune 411 008, India 


Sir John Maddox 

Current Science congratulates John Maddox, the editor of Nature who has been knighted in the New Year’s Honours List. It 
is obviously a reward for his remarkable publishing record. It is said that Britain’s share in the world of science has declined. 
But Nature remains preeminent as the world’s most important single science journal. John Maddox trained as chemist, became 
a theoretical physicist before he turned to science journalism in 1955. He has kept Nature in front, ahead of all other science 
journals by publishing exciting results quickly and by making it truly international. 


S. Ramaseshan (Editor) 


Edited and published by Prof. S. Ramaseshan and Prof. P. Balaram, Current Science Association, Bangalore 560 080. 
Typeset by R D Typesetters, Bangalore 560010. Printed at Printek Printers, Bangalore 560 079. 
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Foreword 


Reproduction is one of the basic 
features of all living beings; it 
ensures the perpetuation of the 
species. In human beings it has 
wider implications; it ensures 
the continuation of the family 
lineage. 

Excessive births contribute to 
pregnancy-related mortality and 
morbidity besides draining the 
finite natural resources of planet 
earth. There is strong evidence to 
suggest that the use of contra¬ 
ceptives is associated with the 
improvement of maternal health 
and reduction of population 
overgrowth. It is also well known 
that the present range of con¬ 
traceptives is inadequate to meet 
the diversified individual needs. 
What are relatively little known 
are the arduous efforts that have 
been going on incessantly to 
develop better and improved 
contraceptives. 

The inability to procreate is the 
other side of reproduction; infer¬ 


tility is a health problem which 
can be alleviated by medical 
and technological interventions. 
A number of Medically Assi¬ 
sted Reproductive Technologies 
(MARTs) have been introduced 
during the last few years. Each 
of these Innovative technologies 
has its own technical, ethical and 
moral problems. 

Efforts to improve the quality 
of Life through the 'development 
of newer contraceptives as well 
as achieve better pregnancy rates 
through MARTs have been made 
globally. It would indeed be 
impractical to document all the 
major efforts that have gone 
towards this end in a single 
volume of any journal. Never¬ 
theless, the papers included in 
this Special Issue would give an 
idea of the complex issues in¬ 
volved in the making of new 
contraceptives as well as in 
developing novel ways to con¬ 
ceive. 


All the contributors to this 
Special Issue are acknowledged 
leaders in the field of Human 
Reproduction. I wish to record 
my personal gratitude for their 
having responded so positively 
to our request to contribute arti¬ 
cles. It is also important to 
acknowledge the contributions of 
the many referees, who shall 
have to remain anonymous, for 
having so carefully adjudged the 
articles and suggesting changes 
aimed at improving the pre¬ 
sentation. 

I must also record my appre¬ 
ciation to the Editors of Current 
Science for having chosen the 
subject of Human Reproduction 
as worthy of a Special Issue of 
the journal and for having 
invited me to be the guest editor. 
I have enjoyed this task. I trust 
the readers would share my joy 
in reading the articles. 

T. C. Anand Kumar 
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standardized procedures in human semen analysis 


Kamala Gopalkrishnan 

Institute for Research in Reproduction (ICMR), Jehangir Merwanji Street, Parel, Bombay 400 012, India 


Semen analysis procedures vary between institutions. 
There have been several attempts to standardize 
some of the procedures so as to facilitate inter-laho- 
ratory comparison of data. This paper describes 
some of the procedures which can be used quite 
conveniently in our laboratories. This paper also 
describes a method for interpreting data obtained 
from semen analysis. 


The only alternative to assess a man’s fertility, other 
than asking him to sire a child, is to examine his semen. 
Semen comprises of spermatozoa and other cells sus¬ 
pended in a fluid matrix, the seminal plasma, which acts 
as a buffering and nutritive medium. A number of chara¬ 
cteristics of the semen have been attributed to be of 
value in assessing its fertilizing potential. 

It has been well-recognized that methods for analysing 
semen and the criteria used to assess the data differ 
between investigators and laboratories. Recognizing the 
need for using standardized procedures, the World 
Health Organization as well as the Indian Council of 
Medical Research have brought out manuals describing 
standardized methods for semen analysis. Despite such 
efforts most laboratories still do not use standardized 
procedures and consequently inter-laboratory data on 
semen quality are not comparable. The reason for this 
state of affairs is either ignorance of the existence of 
standardized semen analysis procedures or a lack of 
appreciation of the merits of the various techniques 
used. 

This article reviews some of the standardized pro¬ 
cedures used for semen collection, assessing its physi¬ 
cal, microscopic and chemical features and the value of 
these features in evaluating the fertilizing potential of a 
semen sample. 

Collection of semen 

Frequent ejaculation as well as prolonged sexual 
abstinence are known to change the profile of semen. 
Ideally, samples should be collected at intervals similar 
to the man’s coital frequency. An interval of 3 to 5 days 
between the last ejaculation and semen collection is 
recommended because shorter or longer intervals could 
give a false impression about the normal physiological 
status of semen quality^ 

Semen should be collected by .masturbation into a 
sterile glass beaker or wide-mouthed jar; plastic con¬ 


tainers should be avoided unless they are proven to be 
non-spermicidal. Samples should not be exposed to 
extremes of temperatures and analysis should be carried 
out within 30 min of collection^. 

Semen analysis 

Physical features of semen 

The volume, colour and viscosity of freshly collected 
semen and the presence or otherwise of a coagulum must 
be recorded for each sample as these are important 
indices to semen quality. 

Semen volume can be determined to the nearest 0.1 ml 
by transferring the entire sample into a graduated centri¬ 
fuge tube which can be categorized as normal, high or 
low volume (Table 1). Almost 15-20% of men who seek 
treatment for infertility have either low or high volumes 
of semen^"^. Secretions from the prostate gland and 
seminal vesicles, whose functions are androgen-depen¬ 
dent, contribute to the bulk of the seminal fluid. Low 
semen volume, associated with low levels of circulating 
androgens, can be treated by administering human 
chorionic gonadotropin but not those which are not 
associated with androgen deficiency. High semen 
volumes may be due to the accessory reproductive 
glands being hyperactive or due to an extended interval 
between the last ejaculation and semen sampling. 
Collection of semen by the split-ejaculate method or 
mild centrifugation (500 g for 5 min) of semen is some¬ 
times useful for recovering reasonable concentrations of 


Table 1. Range of values for routine 10 parameters in the three 
classes of semen samples 


Parameters 

Fertile 

Subfertile 

Infertile 

Liquefaction (mts) 

20-30 

31-45 

>45 

Volume (ml) 

1.5-4.5 

4.6-5.0 
1.4-1.2 

>5.0 
< 1.2 

Viscosity 

Normal 

Moderate 

High 

Amorphous debris 

Nil- + + 

+ + + 

+ 4- + + 

Agglutination (%) 

Nil 

1-10 

> 10 

Motility (%) 

>50 

35-49 

0-34 

Viability (%) 

>60 

40-59 

<40 

Count (mill/ml) 
Morphology 

>20 

10-19 

< 10 

Normal forms (%) 

>35 

30-34 

<30 

Headless (%) 

< 15 

16-20 

>20 
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spermatozoa for any of the therapeutic insemination 
methods. 

Coagulation of semen is caused by the secretions from 
the seminal vesicles. Coagulated semen should normally 
liquefy within 15-20 min after standing the sample in 
the laboratory; this is due to the action of prostatic 
secretions on the coagulum. Non-liquefaction indicates 


dysfunction of the prostate^ and of lack of prostatic 
proteinases like seminin^. Several agents like alevair, 
trypsin and 5% a-amylase have been used in the 
laboratory^’ ^ to liquefy coagulated semen. 

The strong characteristic odour of normal semen is 
due to the oxidation of prostatic spermine. Malodorous 
semen is suggestive of infection. 



Figures 1-4. 1, Sperm morphology. The photomicrographs have been prepared from seminal fluid specimens stained with Papanicolaou’s 
stain and photographed at a magnification of 1250 x. The germ cell classification is based on that proposed by Macleod, J., in The Human 
Testis, Plenum (Rosenberg and Paulsen) 1977, p. 481. a. Normal spermatozoa (N), Oval-shaped head (3-5 pm long, 2-3 pm wide) with 
regular outline with no other defects. Midpiece less than one third the width of head, and regular in outline (7-8 pm long) tail is slender 
uncoiled, with regular outline (40-45 pm) both midpiece and tail are aligned along the longitudinal axis of the head; b. Large oval head 
(LH), Head size three times larger than normal spermatozoa with regular outline. The mid-piece and tail appear normal; c. Pyriform head 
(PH), Heads take the shape of a tear-drop. Tapered end coming to a point just above mid-piece. The mid-piece and tail appear normal; d. 
Tapering head (TH), The head length remains the same but width decreases. Head assumes a ‘cigar’ shape. The mid-piece and tail are 
normal; e. Amorphous head (AH), The heads having bizarre shape and cannot be classified into any other category of head abnormality;/ 
Round head (RH), The head of the spermatozoa is absolutely round possessing no acrosome and with regular outline. 
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Figure 2. a. Double head (DH), Spermatozoa showing two distinct normal heads, it may be of different shapes also. The mid-piece and 
tail appear thick; b. Small head (SH), Spermatozoa show a very tiny round head with irregular outline. The mid-piece and tail appear 
normal; c. Cytoplasmic droplet (CD), The cytoplasmic droplet is seen attached to the mid-piece. The tail appears normal; d. Bent neck 
(BN), The spermatozoa show a clear bent at right angles to the longitudinal axis. The heads and tail appear normal; e, Thinned-out mid- 
piece. Spermatozoa showing normal head with midpiece that is thinned out (absent mitochondrial sheath) and continued with normal tail; 
/, Only heads (H), Spermatozoa seen as ‘free’ or ‘loose’ heads with little cytoplasm attached. 


Semen is normally greyish white. Yellow colour 
indicates infection and a reddish brown sample is 
suggestive of internal haemorrhage or the excretion of 
dyes used in medicinal tablets ingested by the indivi¬ 
dual. Black or dark grey semen is associated with 
certain metabolic disorders such as alkaptonuria. 

Viscosity of seminal fluid can be determined by using 
capillaries, calibrated glass tubes or rotational visco¬ 


meters^^"^'', a simple needle and syringe or a 0.1 ml 
graduated pipetteHyperviscous semen is mostly 
associated with bacterial infection^^ or presence of 
antisperm antibodies or increased number of morpho¬ 
logically abnormal forms of spermatozoa and low 
fertilization rates^^’ It may be useful to collect semen 
by the split ejaculate method to obtain good quality 
spermatozoa for therapeutic insemination from indivi- 
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Figure 3. a, Coiled tail (CT), The tail is rounded over itself forming a compact coil. Coiling may be seen only at the ends forming loose 
loop or compact as shown; b. Double tail (DT), Spermatozoa show normal head with double tail. The mid-piece appears aho to be double. The 
head is normal in shape; c. Stumpy tail (ST), Spermatozoa show normal head with a short thick stumpy tail; d. Headless (HL), 
Spermatozoa actively motile showing only mid-piece and tail. They should be differentiated from spermatozoa with small head (as shown 
in Figure 2 b). A separate count of these headless should be done and expressed as percentage of headless to spermatozoa with head. 


duals having highly viscous semen as first portion of the 
split ejaculate is less viscous and has better sperm count 
and motility. Sputolysin or bromelin (dithiothreitol in 
phosphate buffer saline) have been used to reduce 
viscosity ’ . 

It has been a conventional practice to determine the 
acidity or alkalinity of semen \vith a pH paper (6.6-8.0) 
or a pH meter which gives greater accuracy. There is no 
good evidence to suggest that pH is an indicator of 
sperm quality. Osmolality of seminal fluid ranges 
between 360 and 380 mOsm/kg. Hypoosmolality alters 
sperm morphology mainly leading to tail defects“\ The 
quality of spermatozoa from semen with low osmolality 
can be improved either by processing semen by any one 
of the sperm-processing methods or by treating them 
with heterologous seminal plasma from a normal 
individual. 

Microscopic features of semen 

Useful information can be gleaned by light or optical 
microscopy of a drop of semen evenly spread out on a 
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glass slide and examining random optical fields using 
X 40 objective. 

Absence of spermatozoa must be confirmed by mildly 
centrifuging (500 g for 15 min) the sample and examin¬ 
ing the pellet smeared on to a microscopic glass slide, 
The following features must be examined in samples 
having spermatozoa: 

Motility. The conventional grading of sperm-motility 
into four categories is very subjective and adequate 
precautions must be taken before such observations are 
made to increase reliability. An evenly spread smear is 
likely to give more reliable information than an 
unevenly spread smear; samples exposed to extreme 
temperatures following ejaculation can adversely affect 
sperm-motility. Spermatozoa finally acquire their 
characteristic type of mature motility during their transit 
through the epididymis^^ and therefore any abnormal or 
reduced motility observed in the ejaculate could be due 
to epididymal dysfunction^^ rather than due to intrinsic 
sperm defects. 

Sperm-motility is an important attribute of sperm 
quality as there is a good correlation between sperm- 
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Figure 4. Non-spermatozoal cells and immature germ cells, a. Spermatogonia, These cells have a large nucleus (6 to 7 pm) with one or 
two nucleoli seen resting on the edge of the nucleus; b. Primary spermatocyte. Cells with large nuclear diameter (8-9 pm) stained dark 
violet to purple in a greyish cytoplasm. Chromatin is usually homogenous but occasionally chromatin threads can be seen; c. Secondary 
spermatocyte. Cells stain like primary' spermatocytes but smaller in diameter. The nucleus is spherical (nuclear diameter 7 pm); d. Spermatids, Ceils 
are usually spherical, sometimes small magenta-coloured acrosomal cap can be seen. Several spermatids may share a common cytoplasm; e. 
Polymorphonuclear leukocytes. These cells show purple to violet nuclei with pale blue cytoplasm or the cytoplasm may be granular;/. Epithelial 
cells. Large polygonal cells, the significance of many epithelial cells (? contamination) is yet to be clearly defined. 


motility on the one hand and plasma membrane integrity 
and conception rates on the other^"^"^^. However, merely 
improving motility by any one of the in vitro semen 
processing methods and the highly motile sperms 
obtained for intrauterine insemination does not signifi¬ 
cantly increase conception rates“^’ 

Objective methods for assessing sperm motility such 
as, time lapse exposure/multiple exposure photomicro- 
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graphy^^’light scattering and turbidity methods^ 
videographic recordings of sperm motility and photon 
correlation spectroscopy^'^~'^° have been experimented 
upon in recent years. 

Sperm density. Sperm density is routinely determined 
using a haemocytometer and expressed as millions of 
spermatozoa per ml of semen. Other methods include 
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Figure 5. Hypoosmotic swelling test. This figure shows the effect of hypoosmotic medium on spermatozoa. Spermatozoa with coiled tail 
indicate positive test with normal plasma membrane integrity. The spermatozoa with straight tail ( T ) indicate negative test ( x 400). 


Figure 6. Test for acrosome intactness. The picture shows the halo around the head of spermatozoa which is the area of lysis of gelatin 
( X AW). 


358 


CURRENT SCIENCE, VOL. 68, NO. 4, 25 FEBRUARY 199 







REPRODUCTIVE BIOLOGY 


the use of Makler chamber, coulter counter and 
computer-assisted semen analysis systems'^The total 
sperm count is the total number of spermatozoa in the 
entire volume of the ejaculate (Table 1). It is important' 
to take a drop of semen from a well-mixed sample and 
to improve accuracy to take a drop from two different 
dilutions of semen. Sperm density is known to vary 
between samples taken from the same individual over a 
period of time due to a variety of reasons'^^ Since 
pregnancies have been reported in individuals with 
persistently low sperm counts (< 20 mill/ml), sperm 
density is not necessarily a good indicator of a man’s 
fertility status. 

Sperm morphology. The relative distribution of the 
different morphological types of spermatozoa present in 
a sample provides the most significant clue to discri¬ 
minate between fertile and infertile samples"^"^”^^. Air- 
dried smears of semen stained with Papanicolaou’s or 
Shorr’s stain are best for identifying the different 
morphological types of spermatozoa. Other techniques 
include morphometry"^^ and video overlay"^^. Approxi¬ 
mately 200 spermatozoa, distributed randomly, should 
be observed in a stained microscopic preparation and 
classified into the different types^^’Photomicro¬ 
graphs of the different sperm types may be used as 
reference standards to reduce interpersonnel, observa¬ 
tional differences (Figures 1-4). Morphological abnor¬ 
malities can be categorized into those related to the 


head, midpiece or the tail; headless spermatozoa need to 
be put into a separate category. A high incidence 
(> 20%) of headless spermatozoa, usually referred to as 
‘pin heads’, is indicative of male infertility^^. Sperm 
movement is reportedly different between morpholo¬ 
gically normal and abnormal spermatozoa"^^. 

The use of scanning and transmission electron 
microscopy^for evaluation of sperm morphology is 
not practical as a routine method of analysis. 

Non-spermatozoal cells. These include immature germ 
cells, leucocytes and macrophages. Exfoliated prostatic 
cells have been occasionally described in semen^^ but 
their role, if any, is unknown. The use of specific mono¬ 
clonal antibodies coupled with immuno-histochemistry 
or electron microscopy aid in the accurate identification 
of the cell type^"^. Bacteria, fungi, protozoans and 
viruses have deleterious effects on the motility and other 
characteristics of sperm and may also Lcause inferti- 

Particulate debris. These would' appear as an 
amorphous material in fresh, wet smears of semen and 
can be graded subjectively on 1-3 scale as nil, mild to 
moderate and severe. Presence of amorphous material in 
semen is a good indicator of infection and the sample 
must be subjected to further culture 

Agglutination. Head to head, tail to tail or mixed types 
of agglutination is indicative of presence of sperm 



Figure 7. Nuclear chromatin decondensation test. The figure shows swollen decondensed heads ( T T ) and head which has failed to 
decondense ( ^ "'" ) ( x 400). 
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antibodies in the seminal plasma and merits further 
examination of the semen using specific immunological 
diagnostic methods. 

Biochemistry 

Seminal biochemistry is an indicator of the functional 
status of the accessory reproductive glands. Zinc, citric 
acid and acid phosphatase are estimated to determine the 
functional status of the prostate gland^^’ while fructose 
levels are indicative of seminal vesicle function. Fruc¬ 
tose levels are determined by the resorcinol method^^ or 
the more reliable enzymatic technique^^ Absence of 
fructose in semen is indicative of ejaculatory duct 
obstruction or congenital absence of vasa deferentia 
and/or seminal vesicles. Glyceryl phosphoryl choline 
(GPC), carnitine, neutral a-glucosidase have all been 
associated with epididymal function^^’ Concentrations 
of these substances in semen are variable due to a 
number of reasons and therefore very little purpose is 
served by determining the concentrations of the chemi¬ 
cals in the semen. 

Sperm function analysis 

None of the physical or biochemical features of semen 
described above can unequivocally establish the fertiliz¬ 
ing potential of a semen sample. A number of sperm- 


function tests need to be applied to aid in determining 
the fertility status of a sample. 

Zona-free hamster oocyte penetration test. This test^ 
is aimed to establish the. sperm’s capability to undergo 
capacitation and acrosome reaction and the nuclear 
chromatin to decondense. The results of this test are ^ 
variable and inconsistent, time-consuming, expensive 
and requires special facilities and skills^"^'^^. There is no 
consensus on the value of this test as its results do not 
always correlate well with in vitro fertilization or in mo 
fertility^^'^^. 

Plasma membrane integrity. The integrity of plasma 
membrane of the spermatozoa is measured by two 
methods. The first is to subject spermatozoa to vital 
staining*^^ and determining the incidence of unstained, ^ 
vital sperms versus stained, dead sperms. This test is 
based on the premise that the living cell membrane acts 
as a barrier to the stain solution. The second test is the 
hypoosmotic swelling tests (HOS-test)^^ which is based 
on the premise that when viable sperms are incubated in 
hypoosmotic medium, there is an influx of fluids 
resulting in the curling up of the tail and bulging of the 
sperm membrane which can be identified under phase ^ 
contrast microscope (Figure 5). The first test determines 
the structural integrity of the sperm whereas the HOS- 
test establishes the physiological integrity of the plasma 
membrane^^. The integrity of plasma membrane is 
compromised in semen samples infected with bacteria or 
Trichomonas^'"^' 



Figure 8. Sperm mitochondrial activity index. The picture shows the various grades of dye (NBT) deposit along the mid-piece (classified 
as nil, standard-!, substandard-2, and lo\v-3 ( x 1250). 
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Acrosomal intactness. Acrosomal enzymes facilitate 
penetration of the oocyte by spermatozoa. Acrosomal 
status can be assessed by light, electron and fluor¬ 
escence microscopy or spectrophotometric determina¬ 
tion of acrosin content using mono- and polyclonal 
antibodies against acrosomal antigens^"^"^^. Acrosin is 
stated to be- a good indicator of a successful outcome of 
in vitro fertilization^^. A simple inexpensive method to 
study acrosome status is the gelatin slide test. This test 
measures the proteolytic activity of acrosin using a 
gelatin substrate^^ (Figure 6). 

Nuclear chromatin integrity. Flow cytometry, the acri¬ 
dine orange staining, in vitro decondensation of nuclear 
chromatin are some of the methods available to deter¬ 
mine the integrity of nuclear chromatin^^“^^ (Figure 7). 

Sperm-mitochondrial activity index. Sperm-mitochon¬ 
drial enzyme can be cytochemically visualized, catego¬ 
rized and their index estimated^"^ (Figure 8). This test is 
useful to differentiate between asthenozoic spermatozoa 
with mitochondrial inadequacy from those with tail 
defects. 

Scoring of sperm analysis data 

As mentioned earlier, none of the features of the semen 
described above can unequivocally categorize a sample 
to be fertile or infertile. All these features are extremely 
variable between individuals as well as between sam¬ 
ples. We have attempted to introduce a very arbitrary 
form of scoring the data to enable a ready categorization 
of semen into one of three groups, viz. fertile, infertile 
and sub-fertile on the basis of values obtained for about 
10 features of the semen which have been chosen on the 
basis of their functional importance. A score of 2 is 
given to each of these 10 features if the value for each 
of them is within ‘normal’ limits as determined for our 
population and whose semen has been proven to be 
fertile by in vitro fertilization. Thus the range for a 
fertile sample lies between 15 and 20, the score for a 
sub-fertile sample lies between 10 and 14 and infertile 
sample invariably has a score of <10. This arbitrary 
categorization helps in picking out sub-fertile samples, 
whose quality could be improved by in vitro semen¬ 
processing methods. Individuals having-a score charac¬ 
teristic of an infertile sample need medical attention. 
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Blastocyst implantation is a critical step in the estab¬ 
lishment of pregnancy. It requires maternal recog¬ 
nition of the preimplantation embryo and mutual 
sensitization of blastocyst and uterus. This involves a 
series of morphological, biochemical, immunological 
and vascular changes in the uterine bed. Implan¬ 
tation begins with apposition and attachment of 
blastocyst on uterine epithelium, followed by pene¬ 
tration of epithelial layer by embryonic trophoblast 
cells, associated with endometrial vascular changes 
and decidualization and finally the tapping of mater¬ 
nal blood vessels by trophoblast cells and initiation 
of placentation. A significant degree of diversity is 
seen in the process of implantation among the lower 
mammalian species and domestic animals that have 
been studied, and thus it is not feasible to extrapolate 
information obtained from these species to the higher 
primates including man. The present review aims at 
focussing the physiological aspects of blastocyst im¬ 
plantation in the non-human primate using the 
rhesus monkey (Macaca mulatto) as the experimental 
animal model. It is now apparent that in the primate, 
endometrial differentiation and secretory type of 
activity under progesterone dominance is sine qua 
non to support implantation, but no well-defined 
implantation window nor any marker of endometrial 
receptivity could be detected. Embryonic viability, 
on the contrary, appears to be a major determinant 
factor towards successful implantation and preg¬ 
nancy. 


From the view-point of evolution, the process of blasto¬ 
cyst implantation is an effective adaptation towards 
successful sexual reproduction in mammals. Our know¬ 
ledge about this process is very thin for obvious reasons. 
Mammals include a variety of animal species sharing 
some common biological features but displaying a wide 
array of behaviourisms in the process of survival and 
continuing their respective progenies. In fact, not all 
mammals exhibit blastocyst implantation and placen¬ 
tation, nor are these features only found in mammals. 
Furthermore, the modes, mechanisms and patterns, as 
well as physiologic correlates of blastocyst implantation 
are so widely variable among different species belong¬ 
ing to eutherian (placental) mammals that one may fail 
to find any general evolutionary scheme except the 
commonality in the purpose of this process. Since 
blastocyst implantation is a critical step in the process of 
establishment of pregnancy, the understanding of this 
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process is potentially significant for the control of ferti¬ 
lity, treatment of infertility and of early embryo loss in 
the human. However, practical and ethical constraints 
limit the use of human material for such studies. As a 
consequence, attention has been given to different non¬ 
human primates. 

The higher primates (^anthropoids) show a significant 
degree of commonality in their reproductive characteri¬ 
stics. Among the higher primates, three main groups are 
distinguished: the New World monkeys, the Old World 
monkeys and the apes. Undoubtedly, the apes {Homi- 
noidae) which now include 11—12 living species, like 
gibbons, pans and gorillas are very close to the human 
regarding their reproductive characteristics. However, 
ethical limitations clamp their use in biomedical investi¬ 
gations. The next choice is the Old World monkeys 
(Cercopithecidae), like macaques which are abundant in 
this subcontinent, and are quite close, though not iden¬ 
tical, to the reproductive characteristics in the hunrnn. 
As a result, macaques have been extensively used in 
studies of human reproduction. 

Our aim is to review different physiological aspects of 
blastocyst implantation especially in the rhesus monkey 
{Macaca mulatto) and to extrapolate this knowledge, 
whenever possible, to blastocyst implantation in the 
human. Synchronous changes in the endocrine milieu, 
uterus and embryo are considered as sine qua non for 
successful blastocyst implantation. It is generally beli¬ 
eved that endocrine synchrony is best reflected in 
uterine receptivity. Additionally, embryo growth and 
endometrial maturation may involve essential local 
interactions. These issues are primarily addressed in this 
review. 

Embryo development 

Ovulation generally occurs within 24-36 h after the 
preovulatory oestrogen surge both in the human and in 
the rhesus monkey^’ It has been observed that the rate 
of embryo transport in the genital tract is a species- 
specific event and is regulated by the circulatory levels 
of oestrogen and progesterone. In rodents and lago- 
morphs, the uterine luminal environment may sugges¬ 
tively contain one or more factors which are hostile to 
the growth and development of early stage embryos'""^. 
However, it is now clearly evident that patterns of 
embryo transit and of embryo development are highly 
characteristic in primates {primate pattern)^ which are 
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Figure 1. Stages of development of rhesus preimplantation embryos 
recovered by flushing of the reproductive tract and viewed in living 
state under phase contrast microscope, a, one cell collected on day 1; 
b, six cell on day 2; c, morula on day 3; d, early blastocyst on day 4; 
e, advanced blastocyst on day 5; / zona-free blastocyst on day 6, of 
gestation. 

not comparable with those in mouse, rat and rabbit. The 
environmental milieu of uterine lumen after ovulation 
does not exhibit hostility, and indeed can support 
normal development of all preimplantation stages of 
embryo till implantation in monkeys and women. 
Marston and his colleagues^’^ recovered three tubal 
stage (8 cell) embryos from rhesus monkeys and 
immediately transferred them to the uteri of the same 
animals. Three pregnancies resulted, of which two 
matured to term and one ended in early resorption 
following its implantation; transfer of 2 cell stage, but 
not 4 cell stage embryos to uterine cavity resulted in 
implantation, pregnancy and delivery of normal pups. 
Krietmann and Hodgen^^ also obtained pregnancies in 5 
out of 31 attempts in monkeys with transfer of oocytes 
recovered by follicular aspiration to isthmus region of 
oviduct of same animal in which coital insemination had 
been performed. With the introduction of in vitro 
fertilization (IVF) and embryo transfer (ET) program- 
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mes in the human, it is now well established that suc¬ 
cessful pregnancies occur with transfer of 2 cell and 4 to 
8 cell embryos to uterine lumen, and indeed the maxi¬ 
mum rate of pregnancy is obtained when 2 to 4 ceil 
stages are transferred 33-37 h after insemination^^’ 

We have evidence to suggest that embryos enter into 
the uterus in the pre-morula stages in monkeys. The 
frequency of obtaining 8 to 16 cell pre-morula stage 
embryos from uterine flushings is highest on day 3 of 
gestation^^. Similar observations have been reported for 
the human and the monkey by others^"^’ An embryo 
after 16 cell stage appears as a morula along with 
characteristic compaction. As shown in Figure I, a 
temporal association exists between embryo stage of 
development and gestational age in both human and 
monkeys^^’ However, the rates of embryo develop¬ 
ment for human and monkey reported in the literature 
are widely variable (Figure 2). Preimplantation embryos 
can be classified into two types, based on their rate of 
development: rapidly cleaving embryos and slow cleav¬ 
ing embryos. According to the general consensus, it is 
presumed that rapidly cleaving embryos are poten¬ 
tially more viable leading to successful implantation. On 
the other hand, slow cleaving embryos are highly liable 
to fall back in time with endometrial maturation, thereby 
causing pre- and peri-implantation embryo loss^^’ 
Generally, anthropoids exhibit a higher degree of pre¬ 
implantation embryo loss. Though no true estimate of 
early embryo loss in primates is available, it has been 
estimated that there is about 20-30% preimplantation 
embryo loss in several non-human primates, while in 
human it could be as high as 50% (ref. 18). We have 
observed that abnormality in embryo development in 
rhesus monkeys kept in semi-natural captivity shows a 
pattern: abnormality is high during the transition months 
of the breeding season, i.e., October and March . 
During the months of November to February, the rate of 
abnormal embryo development was consistently low 
(Figure 3). It should be mentioned that rhesus monkeys 
are seasonal breeders in their natural habitat and in 
semi-natural captivity, with highest reproductive acti¬ 
vities being seen from October to March. In a human 
study, it was observed that occurrence of births with 
Down syndrome (chiefly from nondysjunction in the 
meiotic division of oocyte) was higher among those 
conceptions which occurred during the annual transi¬ 
tional months of spring and autumn^®. 

Our knowledge about activation and regulation of 
preimplantation embryo development in primates is in¬ 
adequate. There is now evidence to suggest that activa¬ 
tion of human embryonic genome occurs at 4 cell 
stage“^ However, the biological significance of this 
observation remains to be explored^". We have shown 
histochemically that 4 cell stage onwards, preimplan¬ 
tation rhesus embryos exhibited steroid dehydrogenase 
activity, with highest activity in morulae and blasto¬ 
cysts, maximal activity being present in zona-ffee 

CURRENT SCIENCE, VOL. 68, NO. 4, 25 FEBRUARY 1995 



REPRODUCTIVE BIOLOGY 


»■ 


* 



Figure 2. Correlation between estimated ovulation age and stages of preimplantation embryos recovered from rhesus 
monkeys. The ovulation ages of embryos were estimated on the basis of the day of ovulation: day 0 being 24 h after 
peak level of oestrogen in peripheral circulation. Embryos judged to be slow growing or abnormal have not been 
included. Data obtained from 69 embryos. From one female monkey, around 3-6 preimplantation stage embryos can 
be recovered by flushing the reproductive tract during two successive breeding seasons 


blastocysts^^. Almost similar profiles were seen in the 
polypeptide secretory activity and epidermal growth 
factor binding activity (unpublished data). Thus, we pre¬ 
sume that preimplantation embryos of the rhesus 
monkey start giving clear functional manifestation 
around 16 cell to morula stages, at a time when embryos 
generally enter into uterine lumen. 

Endometrial correlates of receptivity 

The issues of endometrial receptivity and implantation 
window in primates are largely unattended. According to 
a hypothetical and statistical two independent para¬ 
meters model for blastocyst implantation proposed by 
Spiers et the probability of pregnancy from a 

single embryo transfer is represented by U. E, where U 
is the probability of uterine receptivity and E is the 
probability of embryonic survival. This model is simple 
and linear, and does not consider the probability of 
intersection between U and E. Blastocyst implantation 
is, however, a complex, non-linear and interactive 
process involving a viable embryo and differentiating 
endometrium. As a result, a wide range of predictive 
values for U and E have been yielded from different 
laboratories-'*’U = 0.31-0.64, and E-0.21-0.43. It 
is however, apparent from studies in human and non¬ 
human primates that the implantation window is not very 
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restricted in these species. We have reported^^ that an 
asynchrony of 2-3 days between endometrial secretory 
maturation and embryonic development is not incom¬ 
patible with implantation and establishment of preg¬ 
nancy. Thus, the suggestion put forward by Bergh and 
Navot^^ that an endometrium undergoing typical secre¬ 
tory maturation during the mid-luteal phase may be 
optimal to support implantation and that developmental 
viability of blastocyst is a primary determinant of 
successful implantation appears highly realistic. 

The next issue is the identification of markers for 
uterine receptivity in women and other non-human 
primates. Though there is no such available marker in 
the literature, the presence of pinopods, absence of long 
microvilli and overall smoothening of the surface con¬ 
tour of endometrium during the peri-implantation period 
are suggestively indicative of endometrial receptivity^^. 
Given the fact that endometrial epithelium exhibits a 
high degree of mosaicism in its hormone responsiveness 
and cellular expression^^’ there is no common 
consensus about such morphological features as the 
index of endometrial receptivity. 

Endometrial sensitization during implantation is 
primarily regulated by the hormonal milieu within the 
tissue bed. Nonetheless, we postulate that functional 
differentiation of endometrium in the primate in the pre¬ 
sence of a preimplantation stage blastocyst is not 
identical to that occurring at a comparable time of the 
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Figure 3. Month-wise distribution of percentage of ovulatory cycles 
(a), conception cycles (d) and of abnormal embryo development (c) 
in female rhesus monkeys during the breeding season (October to 
March). Values are ± SEm from data collected over five years and 
304 cycles studied. Figures in parentheses are the number of men¬ 
strual cycles (a), number of ovulatory cycles (Z>) and number of 
fecund cycles (c), respectively, studied in each month. *p < 0.03 and 
p < 0.02 compared with data of November, December and January 
(a) and [*] p < 0.02 in within group comparison (c) as revealed from 
psd test. Data taken from Ghosh and Sengupta^^ 

luteal phase of a non-conception cycle. Indeed, there 
are biochemically distinguishable features in preim¬ 
plantation stage endometrium of the rhesus monkey. 
These include suppression of acid hydrolytic enzymes^^, 
enhancement of alkaline phosphatase^^ and higher 
retention of nuclear receptors for oestrogen and pro¬ 
gesterone^^ in preimplantation stage endometrium 
compared with secretory, post-ovulatory stage endo- 
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Figure 4. Data shown for total acid phosphatase (ACP), total 
alkaline phosphatase (ALP), nuclear oestrogen receptors (ER) and 
nuclear progesterone receptors (PgR) in endometria obtained on day 
6 post-ovulation in non-mated, menstrual cycles [I i] and con¬ 
ception cycles of rhesus monkeys^ 

metrium at a corresponding stage of the luteal phase 
from non-fecund, menstrual cycle (Figure 4). Our obser¬ 
vations suggest that preimplantation phase rhesus 
endometrium responds to the presence of an embryo in 
the uterine lumen with an arrest of premenstrual involu¬ 
tion as a maternal response to implanting blastocyst^"*. 
Though the tentative functional relevance of the above- 
mentioned changes in prenidatory endometrium appea¬ 
red logical, sufficient morphological associations were 
not available in the literature. 

We have now recently shown that monkey endo¬ 
metrium during the preimplantation period displays 
subtle but discernible changes when compared with 
luteal phase endometrium from the non-fecund, ovula¬ 
tory cycles^^. Foss et and Hertig^^ had earlier 

indicated that vascular prominence together with 
increased blood flow and associated Qedema were 
important features distinguishing endometrium of a 
conception cycle in the human. The occurrence of incre¬ 
ased oedema (Figure 5) with extravasation of radio- 
labelled albumin in preimplantation endometrium has 
been confirmed in our study using the rhesus monkey^^. 
It appears that enhanced vascular permeability is a likely 
cause of increased oedema in prenidatory endometrium, 
with no significant change in tissue blood volume^^. 
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Figure 5. Surface epithelia with glandular invaginations from the 
superficial zones of endometrial samples obtained on day 6 after 
ovulation in non-mated, menstrual {a) and conception {b), (c) cycles 
of rhesus monkeys. Conception cycle endometria showed conspi¬ 
cuous presence of small pinopods on apical surfaces, intraepithelial 
lymphocytes and marked vascular congestion and oedema^^. 

Interesting changes are seen in the expression of von 
Willebrand (vW) factor in the capillary network. 
Though there was no change in the numerical densities 
of vW factor positive capillaries in both types of 
secretory endometrial samples, the degree of expression 
was less in prenidatory endometrium. 
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Table 1. Morphological features of conception cycle 
endometrium showing increases when compared to non- 
fecund, menstrual cycle endometrium collected from rhesus 
monkeys on day 6 after ovulation 


Index 

Probability of significant 
difference between groups 

Maximum gland cell 
height (pm) 

P<0.05 

Volume fraction of 
gland occupied by 
gland cell (%) 

?< 0.03 

Mitosis/1000 gland cells 

P< 0.01 

Number of supranuclear 
vacuoles/100 gland cells 

P< 0.05 

Degree of pseudo¬ 
stratification of 
gland cells 

P<0.02 

Amount of oedema 

P<0.02 

Extravascular albumin 
volume 

P<0.02 


Data taken from Ghosh ei al?^ 


Increase in oedema in preimplantation stage endo¬ 
metrium in the rhesus monkey could be a direct or in¬ 
direct consequence of a blastocyst-derived factor^^. We 
have earlier reported that the steroid hormonal milieu in 
the endometrial tissue bed is marginally altered on day 6 
of gestation, compared with day 6 luteal phase in non- 
fecund cycles^^. It is not known, however, if these 
changes are causally associated. Given the fact that 
endometrial oedema in any case increases rapidly during 
days 5 to 8 after ovulation during normal menstrual 
cycle^^’^^, the reported increase in oedema in preni¬ 
datory endometrium may not have high potential value 
for routine diagnosis. Nevertheless, it may be a physio¬ 
logically significant endometrial reaction required for 
blastocyst implantation in the primate. 

Based on semi-quantitative analysis, Hertig'^^ also 
showed that glandular changes in the endometrium are 
the early distinguishing events in a human conception 
cycle. However, one may fail to detect these changes in 
biopsy samples'^^. We have observed distinctive changes 
in glandular epithelium in conception cycles of rhesus 
monkeys^^. Cellularity of endometrial glands was en¬ 
hanced, in association with increased number of mitoses, 
higher gland cell volume to total gland volume, and in¬ 
creased pseudostratification of glandular epithelium. At 
the same time, there were marginal increases in both 
gland cell height and percentage of glandular epithelium 
showing apical vacuoles (Table 1). However, no 
significant change could be detected either in the degree 
of glandular secretions or in lumen density. 

It is being increasingly recognized that immuno- 
modulation at the local level of endometrium may 
operate to support blastocyst implantation and placen- 
tation. Although endometrium is strategically supplied 

367 






SPECIAL ISSUE ON 


Table 2. Implantation in the Old World (Catarrhini) anthropoidea primates 


Species 

Day of 
implantation 

Nature of 

trophoblast 

invasion 

Type of 
implantation 

Nature of 
placentation 

Rhesus 

monkey 

8-9 

Intrusive 

Eccentric 

Bidiscoid, villous, 
hemomonochorial 

Baboon 

8-9 

Intrusive 

Eccentric 

Discoid, villous, 
hemomonochorial 

Chimpanzee 

6 

Intrusive 

Partially 

interstitial 

Discoid, villous, 
hemomonochorial 

Human 

6 

Intrusive 

Interstitial 

Discoid, villous, 
hemomonochorial 



Figure 6. A survey montage micrograph of an implantation site in rhesus monkey 
obtained during the immediate post-implantation period of pregnancy. Epithelial plaque 
acini are scattered in the stroma. 


with afferent and efferent limbs of systemic immune 
traffic, innate immunomodulatory functions of endo¬ 
metrium may play a major role in the process of 
successful and evolutive implantation"^^’It is now 
evident that immuno-competent antigens are expressed 
not only in stromal reticulolymphomyeloid cells, but 
also in epithelial compartment"^^’This tempts us to 
believe that immuno-modulatory antigens may be 
involved in the process of blastocyst attachment and 
implantation. For example, we have observed that the 
epithelial expression of LNF-III (CD 15) is highest 
during the secretory period. An adhesion epitope like 
LNF-III in epithelium may be involved in cell-cell 
adhesion, and embryo-endometrial attachment"^^. In fact, 
an involvement of ^ LNF-I has been suggestively 
implicated in the process of implantation in the mouse"^^. 
Similarly, the expression of a secretory sialokeratan 
sulphate has been found to occur in human endometrial 
epithelium at a time which coincides with the 
implantation window (see Aplin"^^). It is possible that 
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such specific expressions in epithelium at luminal site 
may play a cardinal role in the acceptance of the 
blastocyst in a temporo-spatial manner. However, no 
substantial knowledge is yet available in this regard. 

Blastocyst implantation and endometrial 
changes 

Substantial studies have been done to describe the 
anatomical, histological and ultrastructural bases of 
blastocyst implantation and associated changes in 
maternal endometrium in many species including 
primates^^’^^’^^’"'^"^^. Table 2 provides cardinal infor¬ 
mation relating to blastocyst implantation in a few 
primate species including the human. The zona-free 
denuded blastocyst apposes, attaches, adheres and 
penetrates through the endometrial surface epithelium. It 
appears that zona pellucida is actually shed, and does 
not undergo lysis. Interestingly, unlike in non-primate 
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Figure 7. Survey micrographs of implantation zone in the imme¬ 
diate post-implantation period of pregnancy in the rhesus monkey. 
Well-formed plaque acini are seen within an oedematous matrix 
peripheral to (fl), and immediately below the site of embryo 
attachment {b). 

laboratory mammals, blastocysts of anthropoids attach 
to the uterine surface epithelium at embryonic poles^^ 
Three characteristic endometrial changes appear as consis¬ 
tent features during blastocyst implantation in primates - 
1) Vascular reaction which includes oedema, vascular 
hypertrophy and congestion; 2) Glandular hyperplasia; 
and 3) Decidual transformation of stromal cells. 

In macaques, an additional cellular response is seen in 
the form of cellular plaques immediately after the 
induction of oedema following blastocyst attachment 
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and implantation (Figures 6, 7). The plaques are epi¬ 
thelial in origin because these cells appear as the acinar 
budding from the base and neck of glands, and show 
strong immunopositive precipitation of cytokeratins and 
do not express vimentin, although only a marginal 
expression of epithelial membrane antigen could be 
detected in these cells (Figure 8). Initially, epithelial 
plaques are seen at sites lateral to the primary implan¬ 
tation site, but soon more cells are recruited into plaque 
reaction with resultant increase in their numbers and the 
dimension of plaques. Reportedly, plaque cell reaction 
is also seen in the baboon but to a lesser extent, 
however, these are seen in New World monkeys and in 
some varieties of shrews^^’^^. The epithelial plaques are 
transient in nature and undergo degenerative changes 
around two weeks of gestation when stromal decidua- 
lization also becomes distinctive. 

Our knowledge about hormonal and paracrinal 
regulation, as well as the functions of endometrial epi¬ 
thelial plaque and stromal decidual cells is very limited. 
We presume that epithelial plaques subserve two 
functions. On the one hand, these cells display secretory 
activity, possibly towards angiogenesis, vascular hyper¬ 
trophy and stromal decidualization. On the other hand, 
plaques also limit and direct trophoblastic growth. 
However, such putative functions of epithelial plaques 
remain to be tested. It will be interesting to examine the 
underlying cytokine network operative in the process of 
epithelial plaque formation, its degeneration and deci¬ 
dual transformation of stroma. To this end, we have 
established an experimental system using rhesus mon¬ 
keys, in which bilateral ovariectomized animals are hor¬ 
mone primed, and artificial deciduogenic stimuli are 
applied to induce plaque and decidual cell reactions^''. 
Interestingly, the temporo-spatial characteristics and 
fine structural features of endometrial responses in such 
an experimental system are highly similar to those seen 
in the pregnancy (Figure Table 3 shows a 

comparison between endometrial changes induced dur¬ 
ing pregnancy-associated decidualization and those 
induced by the application of artificial deciduogenic 
stimulation to hormone primed uterus in rhesus mon¬ 
keys. Using this model, we have shown that an anti¬ 
progestin like RU486 could inhibit epithelial plaque cell 
reaction^^, and that the induction of plaque degene¬ 
ration also involves expression of IGF-BP in surround¬ 
ing stromal cells (unpublished data). There is evidence 
to suggest that decidual cells in human and monkeys 
synthesize and secrete insulin-like growth factor binding 
protein (IGF-BP)^^ and its expression is regulated by 
oestrogen and progesterone (unpublished data). 

Hormonal requirements 

Progesterone is essential for blastocyst implantation in 
all primates hitherto studied. Progesterone insufficiency 
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Figure 8. Endometrial plaque cells express strong immunopositivity for cytokeratin antibodies {a) with conspicuous 
absence of vimentin, which, however, is strongly expressed by stromal cells {b). Plaque acini are enclosed by 
basement membrane-like structure which contains immunopositive collagen IV (c). However, plaque cells express 
minimal level of epithelial membrane antigen which is occasionally expressed by glandular epithelial cells (d). 


Table 3. Endometrial responses in the rhesus monkey to blastocyst implantation during pregnancy, and deciduogenic 
stimulation applied to ovariectomized, oestrogen-progesterone primed uterus (artificial decidualization model)* 



Pregnancy associated decidualization 

Artificial decidualization 

Endometrial 

response 

Day of 
onset 

Features 

Day of 
onset 

Features 

Endometrial plaque 

10 

By basal cells of 
luminal epithelium 
and neck of glands 

9 

Epithelial hyperplasia and 
formation of plaque acini 
at neck of glands 

Oedema 

10 

Moderate to high 
peripheral subepithelial 
oedema 

9 

Very high subepithelial 
oedema 

Decidual cells 

13 

Enlargement of 
fibroblasts to form 
decidual cells 

13 

Fibroblasts show 
swelling with 
rounding-up and 
enlargement of nuclei 

Endometrial granulated 
lymphocytes 

24 

Increased numbers 
of cells showing 
eccentrically placed 
spherical nucleus 
and membrane-bound 
granules with marginal 
vesiculation 

17 

Increased numbers of 
cells around blood vessels 
and near glands 
showing eccentrically 
placed spherical nucleus 
and membrane-bound 
granules bearing marginal 
vesicles; these cells are 
phloxine positive 

*24 h after oestrogen peak designated 

as day 0 of pregnancy cycle 

or artificial 

decidualization cycle; data for 


pregnancy cycle obtained from Enders et < 3 //^; data for artificial decidualization cycle obtained from Ghosh and 
Sengupta^^ and Sengupta et al.^^ 
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Figure 9. Light and clcs^inui niicioplunographs of plaque, decidual and endometrial granulated lymphoeyte cells in endoniciria during 
artificially induced plaque-decidual cell reaction in the rhesus monkey. Well-formed plaque acini (a); survey electron micrograph of plaque 
cells showing extensive RER {b): decidual cell with round large nucleus and granular cells in endometrial matrix (c); typical stromal cell 
deciduali/.ation around a spiral arteriole (d); electron micrograph of endometrial granulated lymphocyte showing eccentri¬ 
cally located kidney-shaped nucleus, numerous membrane-bound granules with dense core, a few showing marginal vesiculation (e); electron 
micrograph of a decidual cell showing large nucleus with prominent skein-like nucleolus, engorged REF and ‘lamina externa’ or an 
extracellular membrane-like structure is found associated with the decidual cel! (/). 


causing inadequate endometrial secretory differentiation 
remains as a well known cause of infertility in women^^. 
Studies have revealed that suppression of progesterone 
action at the endometrial level by the administration of 
high affinity antiprogestin like RU486 causes a delay in 
endometrial maturation in the human^^’ and inhibits 
blastocyst implantation in the monkey^^'^". 

However, the role of ovarian oestrogen in the process 
of blastocyst implantation in primates is not clear. 
Though it has been shown that follicular phase oestro¬ 
gen profiles may be indicative of the prospect of 
pregnancy^'', it may only be reflective of follicle deve¬ 
lopment and oocyte quality, and probably has nothing to 
do with endometrial receptivity. Supportive evidence 
comes from human IVF-ET laboratories showing that a 
constant dose of oestradiol priming may lead to implan¬ 
tation without any peri-ovulatory type oestrogen surge^"^. 


The issue of requirement of luteal phase ovarian oes¬ 
trogen is polemical. Generally, there are marked in¬ 
creases in concentrations of both progesterone and 
oestradiol in peripheral circulation during implantation 
in primates^^. Meyer et al.^^ showed in rhesus monkeys 
that ovariectomy performed during the preimplantation 
period of gestation followed by only progesterone 
supplementation could lead to implantation. On the 
contrary, Bosu and Johansson^^ observed that some 
amount of oestrogen is required, besides progesterone 
for blastocyst implantation in rhesus monkeys. Further¬ 
more, there is also evidence in the literature that 
administration of anti-oestrogen during the peri-implan- 
tation period may inhibit the establishment of pregnancy 
in human^^ and in bonnet monkeys^^. The absence of 
luteal phase oestrogen failed to inhibit the secretory 
maturation of endometrium in human^^. We have 
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reported that ovariectomized, hormone-primed rhesus 
monkeys treated with progesterone alone could induce 
sufficient secretory maturation (albeit a lag of 2 days in 
the scale of the standard dating criteria of Noyes et 
could be seen), and such endometrium could support 
embryo implantation and live birth of babies following 
embryo transfer. While these results indicate that luteal 
phase oestrogen of ovarian origin is not obligatory, 
when sufficient progesterone is given, to induce blasto¬ 
cyst implantation, the possibility that oestrogen may be 
available at the site of implantation still remains to be 
tested. Three lines of evidence support this notion. 
Blastocysts of different mammalian species including 
human IVF blastcysts have shown the ability to biotran¬ 
sform several steroids and this includes the aroma- 
tization of testosterone to oestrogen in vitr(^~~'^^. It has 
also been reported that human endometrial stromal cells 
exhibit high degree of aromatase activity under proges¬ 
terone dominance in culture^^. We have observed that 
endometrial tissue obtained from ovariectomized mon¬ 
keys receiving only progesterone and subjected to trau¬ 
matization had detectable amount of immunoreactive 
oestradiol^^ Future studies using techniques of cell 
biology and molecular biology*^^’^^ will shed further 
light into the endocrine-paracrine type of regulatory 
mechanisms involved in embryo and endometrial devel¬ 
opment as well as blastocyst-endometrial interaction 
during the peri-implantation stage in the primate. 
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Development of preimplantation embryos and blasto¬ 
cyst implantation are critical early events in the 
establishment of pregnancy. In primates, embryonic 
signals, secreted during the peri-implantation period, 
are believed to play a major role in the regulation of 
embryonic differentiation and implantation. How¬ 
ever, only limited progress has been made in the 
molecular and functional characterization of embry¬ 
onic signals, partly due to severe paucity of pri¬ 
mate embryos and the lack of optimal culture 


conditions to obtain viable embryo development. 
Two embryonic (endocrine) secretions, i.e. chorionic 
gonadotrophin (CG) and gonadotrophin releasing 
hormone (GnRH) are being studied. This article 
reviews the current status of knowledge on the 
recovery and culture of embryos, their secretion of 
CG, GnRH and other potential endocrine signals and 
their regulation and physiological role(s) during the 
peri-implantation period in primates, including 
humans. 


Blastocyst implantation and early establishment of 
pregnancy in primates relies on endocrine mechanisms 
that are distinct from those in non-primate species. 
Embryo-specific endocrine signals are believed to con¬ 


trol embryonic differentiation and implantation in 
primates. But, very little is known of their activation and 
sequential expression. In contrast, sufficient knowledge 
is available on placental endocrine secretions and their 
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Table 1. Secretion of embryonic signals during the peri-implantation period 


Type 

signal 

Species 

Earliest stage 
detected 

Reference 

number 

CG 

marmoset 

prehatching blastocyst 

3, 4 


rhesus 

prehatching blastocyst 

7 


baboon 

attached blastocyst 

5, 6 


human 

prehatching blastocyst 

8, 9, 23, 24 

GnRH 

rhesus 

prehatching blastocyst 

10 , 11 , 25 

Estrogen 

mouse 

prehatching blastocyst 

27-29 


rat 

prehatching blastocyst 

27-29 


human 

preattached blastocyst 

30 

Progesterone 

mouse 

prehatching blastocyst 

27-29 


rat 

prehatching blastocyst 

27-29 


human 

preattached blastocyst 

30 

Inhibin 

mouse 

cleavage stage embryo 

31 


human 

cleavage stage embryo 

32 

Activin 

mouse 

cleavage stage embryo 

31 

PAF 

mouse 

prehatching blastocyst 

12, 37 


marmoset 

preattaching blastocyst 

38 


human 

prehatching blastocyst 

12 

Histamine 

mouse 

prehatching blastocyst 

34 

Prostaglandin 

mouse 

prehatching blastocyst 

35 


human 

prehatching blastocyst 

36 

Trophoblastic 

sheep 

prehatching blastocyst 

39 

protein 

cattle 

prehatching blastocyst 

39 

Growth 

mouse 

cleavage stage embryo 

40 

factors 

cattle 

cleavage stage embryo 

40 


Abbreviations used are CG: chorionic gonadotrophin; GnRH: gonadotrophin releasing 
hormone; PAF: platelet activating factor. 


functionThis, however, will not be discussed here 
since it is beyond the scope of this article. 

The first clear embryo-derived endocrine signal 
during peri-implantation period in primates is chorionic 
gonadotrophin, CG^“^, which is structurally and func¬ 
tionally similar to pituitary luteinizing hormone (LH). 
Its major role is to ‘rescue’ the corpus luteum and 
sustain its functional life-span during early pregnancy. 
Recent studiesshow that primate embryos can also 
secrete gonadotrophin releasing hormone (GnRH), the 
known hypothalamic regulator of pituitary gonado¬ 
trophin secretion. Although other embryonic endocrine 
signals have been reported for non-primate species^^, 
they remain to be clearly established in primates (Table 1). 
Major limitations to analysing embryo-derived secretory 
products in primates are: a) inadequacy of embryos, b) 
lack of optimal culture systems that support complete 
peri-implantation embryo development, c) lack of sensi¬ 
tive and specific analyses to measure minute quantities 
of embryonic secretions with a ‘high noise to back¬ 
ground signal’ and d) the cost to maintain primate 
facility and to carry out embryology research. This 
article examines the status on the recovery and culture 
of primate embryos, embryonic endocrine secretory 
signals and their regulation and function. 

Development of primate embryos in vitro 

Major limitations to studying the embryonic endocrine 
secretions in primates, which are mostly monotocous, 

174 


are the lack of adequate number of embryos and optimal 
culture conditions that maximally support normal and 
viable development of embryos through the peri- 
implantation (attachment) period. Availability of in vivo 
fertilized tubal (cleavage) stage embryos are very 
limiting since its recovery depends mostly on invasive 
and traumatic procedures (laparotomy) which cannot be 
repeated on the same animal. Although IVF methods can 
produce the desirable number of early embryos, their 
quality and viability are inferior to those produced in 
vivo. A repeatable, non-invasive, atraumatic non-sur- 
gical uterine flushing procedure is successfully devel¬ 
oped for a few macaques^"’’ baboons'"’ and squirrel 
monkeys'^ and also for humans'^. It provides in vivo 
produced uterine-stage embryos, i.e. non-compact morulae 
to \ arious stages of blastocysts, from either non- 
stimulated or PMSG/FSH stimulated embryo donors. 
Moreover, their quality is far superior to that produced 
by IVF methods, an important factor to be considered 
while analysing embryo-secretory products during 
culture. 

Freshly recovered in vivo produced uterine stage 
baboon'^, rhesus^ and marmoset'^ embryos have been 
successfully cultured through the post-attachment blas¬ 
tocyst stages with extensive trophectodermal out¬ 
growths. Human IVF embryos have been successfully 
cultured through post-attachment stages^. Figure 1 
depicts the quality of a rhesus morula (a), freshly 
recovered by non-surgical uterine flushing^ a hatching 
(6) and a hatched blastocyst (c), cultured from the 
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Figure 1. Photomicrograph of a freshly recovered rhesus monkey morula (a) and a hatching (d) and hatched 
blastocyst (c) cultured from the morula stage. Panel d shows the Hoechst stained fluorescent nuclei of the hatched 
blastocyst. Optical magnification: x 200. Reproduced with permission from Hum. Reprod.^ 1993, 8, 119-2%!. 


Table 2. In vivo 

and in vitro 

secretion of chorionic 
species* 

gonadotrophin in 

various primate 


In vivo embryo 

In vitro embryo 


Day of 

Day of CG 

Day of 

Day ofCG 

Species 

attachment 

secretion 

attachment 

secretion 

Human 

7-9 

9-12 (IA) 

8-10 

6(IA) 

Chimpanzee 

7-9? 

10-11 (lA) 

- 

- 

Rhesus 

8-10 

11-12(1A) 

6-8 

4 (BA) 

Baboon 

8-10 

li-12(IA) 

7-12 

8(1A) 

Marmoset 

11-12 

14-17 (lA) 

7-10 

6 (BA) 


*The information provided here is obtained from reference numbers 3-9, 23-25, 39. 
Abbreviations used are CG: chorionic gonadotrophin, lA: radioimmunoassay or 
immunoradiometric assay; BA: mouse Leydig cell bioassay. 


morula stage using CMRL-1066 medium supplemented derived trophoblasts could be maintained in culture 
with 20% bovine fetal serum^.» Hoechst-stained nuclei through several passages. They continue to differentiate 
counts indicate that cultured hatched blastocysts contain into cyto- and syncytiotrophoblasts^. These culture 
approximately 531 cells (panel d. Figure 1). Blastocyst- systems’’^’ have provided an excellent opportunity 
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to analyse embryonic endocrine secretions (Table 1) 
through the entire period of peri-attachment develop¬ 
ment which otherwise would not be feasible during the 
same period in vivo. 

Embryonic secretion of chorionic 
gonadotrophin 

CG is one of the hormones required for the establish¬ 
ment of early pregnancy in primates. It is secreted by 
the syncytiotrophoblasts of embryonic or placental 
origin^'*^’^®. The genes for CG are thought to be expres¬ 
sed only in primates"* and its transcripts are detected as 
early as the 8-cell stage"". Although the embryonic 
secretion of CG is being studied^"^, its regulation and 
function during the peri-implantation development 
remain to be established. 

The profiles of CG in blood circulation in most 
primates studied indicate that it is detectable 2-3 days 
after implantation (Table 2). In vitro, the earliest time of 
embryonic secretion of CG detectable during pre- and 
peri-implantation development is variable, depending on 
the species (Table 2). In the rhesus monkey, the 
cumulative concentration of bioactive CG increases 
soon after hatching but prior to attaching and raises 
exponentially after the attachment of blastocyst. The rise 
of CG secretion is positively correlated with the devel¬ 
opment of blastocysts^. A similar profile of bioactive 
CG secretion by marmoset embryos is observed with 
very low to undetectable levels prior to embryo attachment 
and exponential rise immediately after attachment’ 
Reports from Pope et al.^ and Bambra and Tarara^ 
indicate that baboon embryos secrete immunoreactive 
CG at or following hatched blastocyst attachment and 
the secretion continues for more than 20 days. Reports 
from Lopata^’and Dokras^ in which the secretion 
of CG by cultured human (IVF) blastocysts were 
studied, indicate that the immunoreactive CG dimer or 
its subunits can be secreted by the expanded prehatching 


blastocysts prior to attachment and the levels increase 
exponentially after attachment. 

The available information on the timing of embryonic 
secretion of CG (Table 2) indicates that blastocysts can 
actively secrete CG either prior to its attachment as in ^ 
the rhesus monkey^’ and humans^’ or imme¬ 

diately after its attachment as in the baboon^’ There 
appear to be some species variations in the dynamics 
(timing) of CG secretion (Table 2). A strict comparison 
of CG profiles among different primates is difficult 
since measurements of the hormone are carried out by 
either a bioassay (rhesus and marmoset monkeys) or an 
immunoassay (baboons and humans). While the former 
detects the biologically active form of the hormone, the 
latter can only detect immunoreactive CG of either the a ^ 
or p subunits or both which, in all cases, may not 
represent the biopotency of the hormone. In view of the 
limitations of the studies inherent to primates, both 
immuno- and bio-assays may be difficult to perform, 
although it is desirable. 

Secretion of gonadotrophin releasing hormone ^ 
(GnRH) 

In recent studies using rhesus monkey embryos, 
Seshagiri et al}^' have demonstrated that the secre¬ 
tion of GnRH by blastocysts commenced from low 
levels (0.32 ± 0.05 pg/ml) during the pre-hatching 
blastocyst stage to 2-4 fold higher (0.7 ±0.08 to 
1.3 ± 0.23) at > 6 days of hatched blastocyst attachment. 
GnRH secretion was low or undetectable when embryos 
failed to hatch. There was a positive correlation between 
profiles of CG and GnRH. Immunocytochemical data, in 
addition to confirming the RIA data, showed that GnRH 
positive staining was seen in intact and hatched blasto¬ 
cysts including the inner cell mass (ICM) and tropho- 
blast outgrowths. Moreover, immunopositive staining 
was localized exclusively in cytotrophoblasts but not in 



Figure 2. Schematic representation of cell-specific production of a few embryonic endocrine signals 
during pre- and post-attachment blastocyst stages. Abbreviations used are CG; chorionic 
gonadotrophin; GnRH: gonadotrophin releasing hormone. 
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syncytiotrophoblasts^®’These observations provide 
evidence, for the first time, that immunoreactive GnRH 
is produced and secreted by primate (rhesus) blastocysts 
and their cytotrophoblasts (Figure 2), as seen in placen- 
^ tal trophoblasts^’Similar discovery is awaited in 
other primate embryos. 


Secretion of other endocrine signals 

Although several endocrine secretions of placental 
trophoblasts are well described^’they remain to 
be investigated in detail in peri-implantation embryos 
(Table 1). Activities of key steroidogenic enzymes and 
I synthesis and secretion of sex-steroid hormones in the 
rodent preimplantation embryos have been docu¬ 
mented^^’Progesterone metabolizing enzymes have 
also been demonstrated in mouse embryos^^. A recent 
report^*^ shows that cultured human (IVF) embryos are 
capable of synthesizing and secreting both progesterone 
and estrogen. Such data are currently very limiting for 
primate embryos. 

Very recent discoveries indicate that both rodent*"^ and 
primate^^’ preimplantation embryos have the ability to 
secrete gonadotrophin regulating polypeptides, inhibin 
and activin (Table 1; Figure 2) which are generally 
thought to be of gonadal origin. Several other auto¬ 
crine and/or paracrine signals (Table 1) such as hist- 
amine^\ prostaglandins^^’ platelet activating fac- 
tor^^’ trophoblastic proteins^^ and growth factors"^^ 
are also secreted by preimplantation embryos^^. Since it 
is beyond the scope of this article, these non-endocrine 
factors will not be discussed here. 

Regulation of secretion of endocrine signals 

The regulation of placental trophoblastic CG secretion 
by GnRH, steroids, calcium, etc. is well docu¬ 
mented^’ However, the regulation of embryonic 

secretion of CG during peri-implantation period is yet to 
be understood. Secretion of CG by cultured human 
blastocysts could be modulated by the addition of 1% 
human cord serum or growth factors such as insulin, 
transferrin and PDGF and PAF either alone or in 
combination^"^. Seshagiri et al}^' have suggested the 
possible involvement of GnRH in the regulation of CG 
secretion (Figure 2). A recent report shows that the 
efficient production of CG by trophoblasts of marmoset 
blastocysts is dependent on the presence of the ICM; 
bisected blastocysts without the ICM secrete very low 
levels of CG'^^ 

Based on the limited data, it can be speculated (Figure 
2) that the secretion of GnRH by the blastocyst (ICM?) 
may regulate the trophoblastic production of CG prior to 
blastocyst attachment. After the attachment of the 
blastocyst, the differentiation of trophoblasts could 
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confer cell-specific expression of GnRH in cytotro¬ 
phoblasts and CG in syncytiotrophoblasts. They may be 
regulated by a paracrine mechanism leading to steroid 
production (Figure 2). A circumstantial indication to 
this is the finding that primate embryos can secrete 
estrogen and progesterone^®. Moreover, CG/GnRH in 
turn may be modulated by inhibin, activin and steroids 
(Figure 2). The possible regulation of CG secretion by 
GnRH in peri-implantation embryos, which appears to 
be analogous to that occurring in placental trophoblasts 
in culture^®’ requires detailed experimentation 
using GnRH agonists and antagonists. 

The evolutionary advantage of primate embryos 
having adapted the hypothalamo-pituitary mechanism to 
the regulation of embryo implantation involving CG, 
GnRH and steroids may be significant, particularly due 
to the fact that only primates are believed to express the 
genes for CGP^\ Further research on the modulation of 
embryonic endocrine secretions is necessary to establish 
the casual relationships of GnRH, CG, steroids and 
gonadal factors which could regulate peri-implantation 
embryo development in primates (Figure 2). 

Physiology of endocrine signals 

The important role of CG in embryo development and 
implantation is being studied. Hearn and coworkers 
showed that when marmoset monkeys were immunized 
actively or passively against CG|3, there was disruption 
of implantation and termination of pregnancy. Presence 
of anti-CGp antibodies in culture inhibited development 
and attachment of marmoset embryos"^’ These obser¬ 
vations indicate that CG, in addition to its well accepted 
role in rescuing and supporting the corpus luteum, could 
have a role in blastocyst development and intraem- 
bryonic differentiation, in initiating and regulating 
implantation, the attachment process itself and in the 
establishment of trophoblast-endometrial vascular links. 
The observed early secretion of CG prior to embryo 
attachment in may be occurring in vivo 

wherein CG may diffuse locally from the uterine lumen 
to the maternal compartment, as observed in the rabbit 
and human"^"^ and rescue the corpus luteum prior to 
embryo implantation. This may be followed by an 
exponential rise of CG secretion by the rapidly invad¬ 
ing/proliferating trophoblasts of the implanting blasto¬ 
cysts. In view of the critical involvement of CG for the 
early establishment of pregnancy, CGP has been develo¬ 
ped as a contraceptive vaccine"^^. 

The potential roles of GnRH and sex-steroids during 
peri-implantation embryo development are to be estab¬ 
lished. The requirement of GnRH for rat blastocyst 
implantation has been demonstrated"^^. Recent obser¬ 
vation of GnRH secretion by rhesus embryos^®’ 
indicates that this peptide may be required for embryo 
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development and implantation in primates. A GnRH- 
based contraceptive vaccine is also being considered"^^. 
Culture of mouse blastocysts in the presence of an anti¬ 
estrogen reduces their implantation rates"^^. Treatment of 
anti-estrogen or an aromatase inhibitor to proven fertile 
bonnet monkeys consistently offers pregnancy protec¬ 
tion"^^. Antiprogestins prevent implantation and early 
pregnancy in macaques"^^’ During preimplantation 
period, increases in total steroid binding capacity and 
occupancy of estrogen and progesterone to nuclear 
receptors in rhesus endometrium are observed^^ These 
observations testify the potential roles(s) played by 
GnRH and sex-steroids during the peri-implantation 
period, which remain to be experimented in primates. 

Extensive research needs to be done on the secretion 
and regulation of some of the key endocrine principles 
such as CG, GnRH, sex-steroids and gonadal factors in 
the primate embryo (Figure 2). The available informa¬ 
tion strongly indicates that the above hormones, secreted 
in a coordinated, time-dependent manner during the pre- 
and peri-implantation period, are crucial for embryonic 
development, blastocyst implantation and for the mater¬ 
nal recognition of pregnancy prior to implantation. 
Potential intervention of these endocrine mechanisms by 
suitable means may increase or decrease embryonic sur¬ 
vival and viability during the peri-implantation period in 
primates. 

Summary 

The culture systems now achieved for development of 
morulae and blastocysts through the entire peri-attach- 
ment period should greatly facilitate studies on the 
endocrine regulation of pre- and peri-implantation 
embryo development that govern successful establish¬ 
ment of early pregnancy in primates. Embryonic 
endocrine factors can mutually influence their own 
synthesis, release and function. They could likely be 
playing important role(s) in embryonic differentiation 
and implantation. They could potentially be exploited 
for the regulation of fertility. A few of these (CG/ 
GnRH) may be involved in the maternal recognition of 
early pregnancy prior to implantation. New approaches 
to fertility regulation require knowledge of the precise 
molecular and functional characteristics of the endocrine 
principles of the primate embryo during the peri- 
implantation period. 


1. Talamantes, F. and Ogren, L., in The Physiology of 
Reproduction (eds Knobil, E. and Neill, J.), Raven Press, New 
York, 1988, pp. 2093-2099. 

2. Mochizuki, M., in Placental Protein Hormones (eds Mochizuki, 
M. and Hussa, R. 0.), Excerpta Medica, Amsterdam, 1988, pp. 
3-18. 

3. Hearn, J. P., Hodges, J. K. and Gems, S., J. Endocrinol., 1988, 
119, 249-255. 


4. Hearn, J. P., Gidley-Baird, A. A., Hodges, J. K., Summers, P. M. 
and Webley, G. E., J. Reprod. FertiL, 1988, 36, 49-58. 

5. Pope, C. E., Pope, V. Z. and Beck, L. R., In Vitro Fertilization 
arid Embryo Transfer, MTP Press, 1982, pp. 129-134. 

6. Bambra, C. S. and Tarara, R., J. Reprod. Fertii, 1990, 88, 
9-16. 

7. Seshagiri, P. B. and Hearn, J. P., Hum. Reprod., 1993, 8, 
279-287. 

8. Hay, D. L. and Lopata, A., J. Clin. Endocrinol. Metab., 1988, 7, 
1322-1324. 

9. Dokras, A., Sargent, I. L., Ross, C., Gardner, R. L. and Barlow, 
D. H.,Hum. Reprod., 1991, 6, 1143-1151. 

10. Seshagiri, P. B., Terasawa, E. and Hearn, J. P., Biol. Reprod., 
1993,48 (suppl. 1), 144. 

11. Seshagiri, P. B., Terasawa, E. and Hearn, J. P., Hum. Reprod., 
1994, 9, 1300-1307. 

12. Fleming, S., O’Neill, C., Collier, M., Spinks, N. R., Ryan, J. P. 
and Ammit, A. J., in Blastocyst Implantation (ed. Yoshinaga, 
K.), Adams Publishing Group Ltd., Boston, 1989, pp. 17-23. 

13. Goodeaux, L. L., Moreau, J. D., Anzalone, C. A., Thibodeaux, 
J. K., Cranfield, M. R. and Rousse, J. D., ARTA, 1991, 11, 
287-292. 

14. Seshagiri, P. B., Bridson, W. E., Dierschke, D. J., Eisele, S. G. 
and Hearn, J. P., Am. J. PrimatoL, 1993, 29, 81-91. 

15. Pope, V. Z., Pope, C. E. and Beck, L. R., Am. J. PrimatoL, 
1983,5,357-364. 

16. Ariga, S. and Dukelow, W. R., Primates, 1977, 18, 453-457. 

17. Croxatto, H. B., Fuentealba, B., Diaz, S., Pastene, L. and Tatum, 
H. J., Am. J. Obstet. Gynecol., 1972, 112, 662-668. 

18. Pope, C. E., Pope, V. Z. and Beck, L. R.,.5m/. Reprod., 1982, 
27,915-923. 

19. Hearn, J. P., in Reproduction in New World Primates 
(ed. Hearn, J. P.), MTP Press Ltd., Lancaster, 1983, pp. 181- 
215. 

20. Mathialagan, N. and Rao, A. J., Biochem. Int., 1986, 13, 
757-765. 

21. Stewart, H. J., Jones, D. S. C., Pascall, J. C., Popkin, R. M. and 
Flint, A. P. F., J. Reprod. Fertii., 1988, 83, 1-57. 

22. Bounduelle, M. L., Dodd, R., Liebaers, I., Van Steirteghem, A., 
Williamson, R. and Akhurst, R., Hum. Reprod., 1988, 3, 
909-914. 

23. Lopata, A. and Hay, D. L., Hum. Reprod., 1989, 4, 87-94. 

24. Hay, D. L. and Lopata, A., ARTA, 1990, 1, 9-23. 

25. Seshagiri, P. B., Terasawa, E. and Hearn, J. P., in Contraceptive 
Research and Development (ed. Puri, C.), Wiley Eastern, New 
Delhi, 1994, pp. 398-414. 

26. Mathialagan, N. and Jagannadha Rao, A., J. Biosci., 1986, 10, 
429-443. 

27. Dickmann, Z., Dey, S. K. and Gupta, J. S., Vitam. Horm., 1976, 
34,215-242. 

28. Wu, J-T. and'Lin, G. M., J. Exp. Zool, 1982, 220, 121-124. 

29. Wu, J-T., Biol. Reprod., 1987, 36, 549-556. 

30. Edgar, D. H., James, G. B. and Mills, J. A., Hum. Reprod., 
1993, 8, 277-278. 

31. Lu, R. Z., Matsuyama, S., Nishihara, M. and Takahashi, M., 
Biol. Reprod., 1993, 49, 1163-1169. 

32. Phocas, I., Sarandakou, A., Rizos, D., Dimitriadou, F., 
Mantzavinos, T. and Zourlas, P. A., Hum. Reprod., 1992, 7, 
545-549. 

33. Webley, G. E., Knight, P. G. and Hearn, J. P., J. Reprod. Fertii, 
1992, 96, 385-393. 

34. Dey, S. K., Biol. Reprod., 1981, 24, 867-869. 

35. Niimura, S. and Ishida, K., J. Reprod. Fertii, 1987, 80, 
505-508. 

36. Holmes, P. V., Sjogren, A. and Hamberger, L., J. Reprod. 
Immunol., 1989, 17, 79-86. 

37. O’Neill, C., Collier, M., Ryan, J. P. and Spinks, N. R., 
J. Reprod. Fertii. (suppl.), 1989, 37, 19-27. 

38. Hearn, J. P., Webley, G. E. and Gidley-Baird, A. A., J. Reprod. 
Fertii., 1991,92,497-509. 


378 


CURRENT SCIENCE,’VOL. 68, NO. 4, 25 FEBRUARY 1995 


REPRODUCTIVE BIOLOGY 


39. Roberts, R. M., Biol. Reprod,, 1989, 40, 449-452. 

40. Rappolee, D. A., Sturum, K. S., Schultz, G. A., Pederson, R. A. 
and Werb, Z., in Early Embryo Development and Paracrine 
Relationships (eds Heyner, S. and Wiley, L.), Alan R. Liss Inc., 
New York, 1990, pp. 11-25. 

41. Sharma, S. C. and Jagannadha Rao, A., in Perspectives in 
Primate Reproductive Biology (eds. Moudgal, N. R., Yoshinaga, 
K., Rao, A. J. and Adiga, P. R.), Wiley Eastern, New Delhi, 
1991, pp. 93-103. 

42. Sharma, S. C., Ushakumari, Dighe, R. R. and Jagannadha Rao, 
A., Placenta, 1990, 11, 63-74. 

43. Summers, P. M., Taylor, C. T. and Miller, M. W., J. Reprod. 
Fertii, 1993, 97, 321-327. 

44. Saxena, B. B., Kaali, S. and Landesman, R., Eur. J. Obstet. 
Gynecol. Reprod. Biol., 1977, 7, 1-4. 

45. Talwar, G. P., Singh, O. and Pal, R., in Perspectives in Primate 
Reproductive Biology (eds. Moudgal, N. R., Yoshinaga, K., 
Rao, A. J. and Adiga, P. R.), Wiley Eastern, New Delhi, 1991, 
pp. 269-276. 


46. Jones, R. C., Acta Endocrinol., 1983, 103, 266-268. 

47. Sengupta, J., Roy, S. K. and Manchanda, S. K., J, Reprod. 

Fertii, 1981,62,433-436. ^ 

48. Moudgal, N. . R. and Ravindranath, N.,. in Development 
of Preimplantation Embryos and Their Environment 
(ed. Yoshinaga, K.), Alan R. Liss, New York, 1989, pp. 277- 
288. 

49. Puri, C. P., Katkam, R. R.; D’souza, A., Eiger, W. A. G. and 
Patil, R. K., Biol Reprod., 1990, 43, 437-443. 

50. Ghosh, D. and Sengupta, J., Hum. Reprod., 1993, 8, 552-558. 

51. Ghosh, D. and Sengupta, J., J. Steroid Biochem., 1988, 31, 
223-229. 


ACKNOWLEDGEMENTS. We thank colleagues at the University of 
Wisconsin Primate Research Center for their expert animal care and 
assistance with the complex infrastructural requirements for studies 
in primate embryology. We acknowledge program grant support from 
NIH grant RR-00167. 


Medically assisted reproductive technologies - 
A clinical perspective 


N. Pandiyan 


Apollo Hospitals, Madras, and 

Hope Infertility Clinic Pvt. Ltd., 1 Midford Gardens, Bangalore 560 001, India 


The birth of Louise Brown by in vitro fertilization 
and embryo transfer in 1978 marked the beginning 
of Reproductive Medicine. Since then several new 
medically assisted reproductive technologies have 
been introduced. Every aspect of in vitro fertilization 
and embryo transfer has undergone major changes. 
The probability of achieving parenthood for many 
barren couples has improved significantly during the 
last few decades. India is a late entrant to this field 
but has the potential of being in the forefront of 
research and development because of the vast oppor¬ 
tunities available for such endeavours here. 


The world’s first test tube baby, Louise Brown is today 
a 16-year-old bubbling teenager, just as any other teen¬ 
ager of her age. Her mother, Lesley Brown, was told by 
her gynaecologist that she had a one in a million chance 
of ever having a baby, she was not only lucky at the first 
attempt at in vitro fertilization and embryo transfer but 
also for the second time and have two babies in 
succession. The credit for this pioneering work goes to 
Edwards, Steptoe and their colleagues at the Oldham 
General Hospital, UK. The field of reproductive medi- 
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cine has come a long way since Louise Brown was bom. 
This article gives a clinical perspective of medically 
assisted reproductive technologies. 

Medically assisted reproductive technologies 

Medically assisted reproductive technologies (MARTs) 
are defined as techniques which assist a couple in achi¬ 
eving parenthood by the manipulation of the oocytes and 
spermatozoa. The currently available MARTs include: 
In vitro fertilization and embryo transfer (IVF-ET), 
Gamete intra-fallopian transfer (GIFT), Zygote intra- 
fallopian transfer (ZIFT), Tubal embryo stage transfer 
(TET), Pronuclear stage tubal transfer (PROST), Trans- 
cervical oocyte and sperm transfer (TOAST), Peritoneal 
oocyte sperm transfer (POST), Direct intra-follicular 
transfer (DIFT), Subzonal insemination (SUZI), Micro 
insemination sperm transfer (MIST), Intra-cytoplasmic 
sperm injection (ICSI), Micro insemination fallopian 
transfer (MIFT), Zona drilling, Zona cutting, Partial 
zona dissection (PZD), Micro epididymal sperm aspira¬ 
tion (MESA), Sperm retrieval from the testes (SPERT), 
Oocyte donation (OD) and Embryo donation (ED). 
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The availability of such an array of technologies has 
greatly improved the prospects of barren couples bear¬ 
ing a child and achieving parenthood. 

In vitro fertilization and embryo transfer 
(IVF-ET) 

Ovarian stimulation protocols 

After initial unsuccessful attempts at menstrual cycles 
stimulated for folliculogenesis, Edwards and Steptoe 
achieved their first pregnancy following IVF-ET per¬ 
formed in an unstimulated ‘natural’ cycled The clinical 
practice of IVF-ET underwent a sea change with the 
successful introduction of clomiphene citrate (CC) and 
human menopausal gonadotropins (hMG) ‘pure’ follicle 
stimulating hormone (pFSH) and human chorionic 
gonadotropin (hCG) for folliculogenesis^. More follicles 
and hence more oocytes and embryos were obtainable 
with the introduction of these drugs and consequently 
multiple-embryo replacements became possible. This 
resulted in improved pregnancy rates and also in an 
increase in multiple pregnancy rates. The introduction of 
controlled ovarian hyperstimulation protocols with CC 
and hMG, led to a hyper-estrogenic state due to multiple 
follicular development and consequently led to a greater 
risk of premature LH surge followed by early rupture of 
the follicle or premature luteinization leading to 
cancellation of further treatment. The cycle cancellation 
could be as high as 20%. The introduction of GnRH 
analogues to ‘down’ regulate the pituitary led to the 
avoidance of premature LH surge and consequently to a 
decrease in the number of cancelled cycles^. The use of 
GnRH analogues in IVF stimulation protocol has now 
become very common. Growth hormone was introduced 
as a co-stimulant in patients who are poor responders'^. 

Aspiration or retrieval of the oocyte 

In the early days of IVF, oocyte aspiration was timed to 
the natural LH surge and consequently the procedure 
had to be attempted at any awkward time. The intro¬ 
duction of ovarian stimulation protocols gave some 
control over folliculogenesis but still the problem of 
premature LH surge remained. The introduction of 
GnRH analogues has not only increased the oocyte 
yield, but with the avoidance of LH surge, has given 
greater control over the stimulated cycle. Oocyte aspir¬ 
ation can now be planned to suit the requirements of the 
patient, doctor and the clinic. 

The earliest attempt at oocyte retrieval by Edwards 
was from ovarian tissue resected at laparotomy^. Lapa¬ 
roscopy became the preferred mode of oocyte retrieval 
following the lead given by Steptoe and Edwards^ in 
1970. However, with the introduction of ultrasound, 
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wiost centres now prefer ultrasound-guided aspiration of 
the oocyte usually by the transvaginal and sometimes by 
the transabdominal route^’ The concept of repeatedly 
flushing the follicle for oocyte retrieval has been given 
up and most clinics attempt only a single aspiration from 
each follicle. Repeated flushings may lead to loss of gra- ^ 
nulosa cells and consequently to a poor corpus luteum 
function. 


IVF was introduced as a treatment for irreparable tubal 
disease. It was soon realized that to effect IVF much 
less number of spermatozoa was required and conse¬ 
quently IVF came to be used for male factor infertility ^ 
like oligozoospermia and asthenozoospermia^ and even 
those with obstructive azoospermia were able to father 
children by MESA^^ SUZI or ICSL With successful 
sperm retrieval from the testes and successful cryo- 
preservation of epididymal spermatozoa^^ virtually all 
men with spermatozoa have a good chance of achieving 
fatherhood by a sperm retrieval followed by ICSI^“. ^ 

Embryo transfer 

Initially as only a single embryo was available single 
embryo was transferred. However, with the advent of 
multiple ovulation as many as 3 or 4 embryos could be 
transferred. Spare embryos, if any, could be frozen for 
transfer to the same patient in a natural cycle at a later 
date or were used in an embryo donation programme or 
for research purpose with the couple’s consent. 

Embryo freezing 

The first successful report of a pregnancy with frozen 
embryo came from Trounson and his co-workers . 

Since then cryopreservation of embryos has become a 
routine practice in most infertility centres. In 1986 Chen 
reported successful pregnancy with cryopreserved hu¬ 
man oocyte''^. 

Gamete intra-fallopian transfer 

Ricardo Asch and his co-workers reported on the 
success of GIFT in achieving pregnancy in women with 
open healthy fallopian tube’^ Since then GIFT has come 
to stay as an important mode of treatment of women 
with patent tubes. GIFT is generally being done either , 
by laparoscopy or by mini laparotomy. With the 
introduction of fallopian catheterization by Jansen and 
Anderson in 1987, GIFT by transcervical fallopiM 
catheterization became possible and successful 
Pregnancies have been reported by Lucena and ot ers 
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In GIFT failures it is indeed not possible to ascertain 
whether the failure was due to non-fertilization or due to 
lack of implantation. 

Zygote intra-fallopian transfer 

Paul Devroey and his co-workers reported in 1986 on 
the successful delivery of a neonate conceived by lapa¬ 
roscopic ZIFT^^. ZIFT is believed to combine the 
benefits of both GIFT and IVF. Successful transcervical 
ZIFT has been reported by Jansen and others Intra- 
fallopian transfer can also be effected in different stages 
of embryo development as in TET, PROST. 

Micromanipulation 

With the advent of micromanipulation in MART the 
management of hitherto difficult male infertility cases 
became possible^^. The techniques of zona drilling, zona 
cutting, partial zona dissection, MIST, SUZI or ICSI 
have all raised new hopes for men with gross sperm 
deficiencies. 

The clinical scenario 

The introduction of every new technology in MARTs 
raises further hope for the infertile couple. These new 
techniques, however, introduce higher degree of 
complex technology. It is time, that attempts are made to 
improve the technology and make it patient-friendly, 
efforts should be made to make it less expensive and 
simple. The long-term sequelae of MARTs, particularly 
hyperstimulation, is not clear. In the short-term, occa¬ 
sionally serious morbidity and very rarely mortality 
could happen due to ovarian hyperstimulation syndrome 
or operative ovum pick up. These are by and large very 
rare. 

The Indian scene 

India is a relatively late entrant to the field of MART. 
The first IVF baby was born in 1986 due to the 
pioneering effort of Anand Kumar and Hinduja”'. 
Though several hundred babies have been bom in India 
since then, the field is yet to be standardized. There are 
very few guidelines, if any, to the Indian practitioner of 
MARTs. Most MART centres do not have qualified 
scientists to run them. The lack of adequate scientific 
manpower in reproductive biology, the mushrooming of 
MART centres in some metropolis, lack of quality 
control, both external and internal, the fierce but 
unhealthy competition amongst centres have all led to a 
muddled picture in the Indian scene. The cost of per 
MART treatment cycle in India is far above the 
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affordability of the average Indian middle class and thus 
remains inaccessible to most Indian couples requiring 
treatment. The unwillingness of Insurance companies 
and many private companies to reimburse the expenses 
complicates the issue. The non-availability of good 
facilities in any Government Hospital is a sad story. It is 
time that Indian scientists and clinicians got together to 
evolve new strategies to make MART less expensive 
and more cost-effective. 

Future directions 

Many forms of infertility untreatable a decade ago are 
treatable now due to advances in MART. Most women 
have a realistic chance of achieving motherhood either 
by egg donations, embryo donation or by surrogacy. 
However, the same cannot be said about men. The 
prognosis for men with borderline azoospermia as 
described by Pandiyan^^ or seminiferous tubular failure 
or maturation arrest continues to be poor. The advent of 
ICSI raises hope for some men with borderline azoo¬ 
spermia. Those men who have hypospermatogenesis 
may benefit from sperm retrieval from the testis and 
ICSI. In men with borderline azoospermia, where the 
maturation arrest has been in the post meiotic phase one 
could consider ICSI with sperm precursors recovered 
from the testis and if it is successful this would relieve 
the infertility of many couples. The advances in 
knowledge of foetal organ transplant, and the awareness 
that foetal gonads contain many transplantable or 
donatable gametes improves the probability of parent¬ 
hood for many couples with gonadal failure. 

Conclusions 

The birth of Louise Brown in 1978, raised the hope of 
millions of couples the world over. The eighties saw the 
growth and establishment of Reproductive Medicine as a 
speciality. In the nineties further strides are being made 
with the establishment of micromanipulative techniques. 
India, though a late entrant into reproductive medicine is 
fast catching up with the more advanced countries, and 
it is likely it would soon be on par with the advanced 
countries. The lack of restrictive laws in reproductive 
medicine in India should serve as an impetus to the 
Indian scientist and the clinician to research further into 
new methodologies for the treatment of the infertile 
couple. Hopefully by the year 2000 India would be a 
forerunner in the field of reproductive medicine. 
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Social and ethical issues in medically assisted 
reproductive technologies 


Biraj Kalyan and'T. C. Anand Kumar 

Hope Infertility Clinic Pvt. Ltd., No. 1, Midford Gardens, Bangalore 560 001, India 


Medically assisted reproductive technologies 
(MARTs) have proven to be a boon for the barren 
couple and have opened out new opportunities to 
study early human development extracorporeally. 
However, these new reproductive technologies have 
raised a number of novel situations never experie¬ 
nced by mankind before. There is a need for societal 
readjustments to the new norms of parenthood intro¬ 
duced by MARTS. There are also several delicate 
ethical issues associated with MARTs particularly 
when one can visualize the temptation to carry out 
experiments to understand the processes of early 
embryonic development in humans. These must be 
resolved mutually by consensus amongst scientists 
and practitioners of MARTs as well as the bene¬ 
ficiaries of such research, namely, the infertile 
couple. 


The concept of human beings reproducing through 
extracorporeal conception and the creation of Test tube’ 
babies lay in the realms of science fiction when Aidous 
Huxley wrote his famous novel Brave New World in the 
1930s. The actual birth of the world’s first test-tube 
baby took place some four decades later although not 
quite like the method described by Huxley but by 
fertilizing human eggs outside the body and replacing 
the embryo back into the mother’s womb-a technique 
now more popularly known as in vitro fertilization and 
embryo transfer (IVF-ET). Other medically assisted 
reproductive technologies (MARTs) were soon to follow 
IVF-ET and given various acronyms (see the article by 
Pandiyan in this issue). 

The new developments in MARTs raised hopes in the 
minds of several infertile couples whose barrenness 
could so far not be treated. Consequently, there has been 
great public concern and debates on the social and 
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ethical issues concerning the new reproductive techno¬ 
logies, especially when a third party is also involved in 
the procreative act. Public debates have mostly occurred 
in the Western world where, as a consequence of such 
public concern. Governments have instituted legislative 
mechanisms to safeguard the interests of the infertile 
couple. Unfortunately in India there has been much 
public interest only in the lay press about the 
introduction of MARTs in various parts of the count!}’. 
Some of the press reports are technically erroneous, 
factually incorrect and some have even raised great 
hopes in the minds of infertile couple. 

All these issues need to be debated widely in our 
country. To initiate such a debate is beyond the scope of 
this article, whose aims are to highlight some of the 
issues as visualized by the authors who have not only 
been responsible for successfully introducing MART 
in the country for the first time but have been prac¬ 
tising MARTs in the private sector for the past feiv 
years. 

Social issues 

Sperm and ovum donation 

Therapeutic donor insemination (TDI) has been practi¬ 
sed for over a century and a ‘strange’ male is the bio¬ 
logical father of the child born out of this procedure, h 
has been the normal practice not to reveal the identity’ ol 
the semen donor to the recipient couple so that fe 
donor is devolved of any moral responsibility for th 
offspring. Furthermore, the infertile couple would no; 
like to draw attention to the male partner’s infertiliiy 
and the child may need protection from the psyche- 
logical confusion of multiple parentage. 
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There is another point of view which holds that every 
individual has a right to know of his or her biological 
parent because in times of illness, ignorance about his or 
her genetic constitution and family medical history of 
the donor may be harmful. Accidental discovery of 
actual parenthood can harm family interrelationships 
and cause distrust. Such were the views voiced at the 
UN Convention on the Rights of the Child in 1989. 
Austria and Sweden have passed legislation providing 
access to information identifying the donor to the child 
when adult. Australia, The Netherlands and the UK are 
not far behind. 

There are a number of ovum donation programmes 
using non-anonymous donors. Access to information 
identifying the donor can raise legal questions such as, 
whether children arising out of gamete donation can 
claim inheritance rights from the donor? It is also 
possible that by seeking out their genetic mother such 
children cause an unwarranted intrusion into the donor’s 
family life. In such an instance the husband of a married 
donor would have a material interest in refusing consent. To 
avoid such awkward incidences it would be necessary to 
obtain a prior consent of the husband or wife (if the donor 
is already married) of a prospective sperm or egg donor. 

Recipients of donated gametes strongly favour anony¬ 
mity and possibly a complete secrecy of the donor’s 
identity. The wisdom for such secrecy has recently been 
questioned. The Warnock Report^ recommends that 
secrecy surrounding semen or ovum donation should be 
lifted and the child be told how it was conceived but the 
dramatis personae (the donor, the recipient and the 
children) in this act of medically assisted reproduction 
should remain anonymous. 

Single mothers 

There have always been single mothers in Society, often 
not by choice. Nowadays it is not uncommon for some 
women to demand artificial insemination to satisfy their 
urge for motherhood without the ‘inconvenience’ of a 
marital relationship. Such children will be illegitimate 
and lack a father figure in their lives. It is a fairly 
universally accepted view that children are better off 
with two parents rather than one. Single mothers may 
often not have anyone else to share the burden of child- 
rearing and will also have to bear the entire financial 
burden of supporting the child. As a consequence of 
such responsibilities, would they have enough time for 
the child? Britain has recently accepted the status of 
unmarried motherhood and the State does provide some 
support for single mothers. 

Pregnancies in older women^~^ 

The desire to have children is an innate human trait. 
Human longevity has been progressively increasing 


during the last few decades. Many couples are now 
getting married when they are in their forties. Conse¬ 
quently, childbearing age has also increased and older 
women whose fecundity is reduced or have attained 
menopause decide to conceive. Men have often been 
able to father children without an age barrier. Why 
should a woman be denied the chance of mothering a 
child when it is technologically feasible to do so even up 
to the age of 65 years? Medical data suggest that if cases 
are carefully selected there is no greater risk to maternal 
health or in the incidence of pregnancy-related compli¬ 
cations in older women than in the general population. 
Older parents are obviously likely to die sooner than 
younger parents but it can be argued that a few years of 
a loving relationship with a child is better than none at 
all. Of course there may be communication problems 
between a mother of 60 and a child. But there are other 
marked advantages to the child having older parents. 
Unlike young couples, who must often address the 
difficult issues of parenting after the pregnancy has 
occurred, older parents have had time to make their 
career decisions, will have more time to spend with their 
children and they may have also acquired adequate 
financial wealth to afford bringing up the child in a good 
environments 

Pre-selecting the gender of the unborn child^~^^ 

It is now possible to alter the XY ratios of sperm 
populations by a variety of methods. The initial 
applications of this technology are likely to be limited to 
the laudable goals of reducing X-linked diseases and 
decreasing the frequency of pregnancy terminations 
after prenatal diagnosis of the sex of the unborn child. 
The dilemma is: should sex selection be allowed for 
nonmedical reasons and what would be the social conse¬ 
quences of such sex selection? The major disapproving 
argument is that because there is a general desire for 
more boys than girls, a possible imbalance in the 
number of males could arise creating huge social 
problems. Even though this may happen temporarily, it 
is likely to lead to greater ‘demand’ for females and 
Nature will then again drive the population into 
equilibrium. In India, the cultural preference for males 
is for varied reasons namely - the need for an heir, to 
avoid the burden of dowry for female children, to ensure 
that there will be a male child to take care of the parents 
during their old age and also to perform the last funeral 
rites. Maharashtra was the first Indian state to ban 
amniocentesis for determining the sex of the foetus for 
nonmedical indications. There is now a national ban on 
such procedures. It is well known that mere legislation 
does not end the practice - there will always be those 
who will get these procedures done illicitly. What is 
urgently needed is an awakening of social awareness 
that female children are as valuable and desirable as 
male children. 
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It has been argued that prenatal sex-selection must be 
freely available until social consciousness is awakened 
as the availability of such procedures may help in 
limiting family size as parents would not have to bring 
forth additional children in order to have a child of the 
desired sex. Furthermore, in those families where the 
sex of the child is a problem for whatever reasons, a 
child of the wanted sex would be without a doubt 
a desired child and it is best that all children should be 
desired children. Scientific monitoring of clinics offer¬ 
ing such procedures is needed so that the wish of the 
patients is not exploited by unscrupulous medical 
practitioners or clinics. 

Parent-child relationship 

Parent-child bonding is important to both parents and to 
developing the personality of the child. Conception 
involving a third party may redefine parenthood and the 
family structure. With the advent of MARTs, a child 
may in theory have as many as five parents - the egg 
donor, the sperm donor, the surrogate mother who bears 
the child and the couple which raises the child. The 
potential emotional ramifications can be deep and trou¬ 
bling. The child may be left grappling with words like 
‘genetic mother’, ‘gestational mother’, ‘carrying 
mother’, ‘birth mother’, biological mother’, ‘natural 
mother’ and at the end of it all may be left to ask ‘whose 
child am I?’ Only time will tell the reaction of children 
born to women of 60 to having parents who could well 
have been grandparents and the generation gap between 
them. Parents, physicians and researchers have a duty to 
deeply ponder on these issues before embarking on 
MARTS. 

Ethical issues 

There are a number of ethical issues arising out of the 
practice of MARTs. These have been extensively de¬ 
bated and guidelines set out in the Western world to 
ensure that a good measure of ethical considerations is 
involved in the implementation of MARTs. In India 
there are no guidelines and it is high time that an organi¬ 
zed body of doctors and scientists get together to evolve 
guidelines to suit Indian conditions. 

Quality of MART services 

With the treatment for infertility being sought by more 
and more couples a number of infertility clinics have 
mushroomed all over the world including this country. 
The Office of Technology Assessment, USA, reported^^ 
that many infertility clinics in the US are yet to achieve 
a live birth following IVF. No such data are available 
for India but the same is probably true. 


It is important that patients understand the realistic 
likelihood of the success of such procedures and have a 
reasonable assurance of quality care. It is necessary for 
the practitioners to have guidelines as to what they 
could and should, legally and ethically, be doing and not 
doing. Who then should be responsible for this? The 
‘Warnock Report’ of the Committee of Inquiry into " 
Human Fertilization and Embryology^ was published in 
1984 in the UK. Its recommendations included setting 
up of a licensing body and outlines some of its functions 
namely the licensing of centres, inspecting them and 
formulating a ‘rigid code of practice’. Criminal law 
could be brought to bear on serious offences. This 
would have the desired effect of eliminating poorly run 
clinics and protect parents from inefficient services. The ^ 
Human Fertilization and Embryology Act was passed in 
1990 and the Human Fertilization Embryology Authority 
(HFEA) was set up in 1992 (ref. 12). The HFEA has 
prepared a manual including a code of practice. The 
American Fertility Society (AFS) also has set out 
‘minimum standards for IVF, GIFT and related 
procedures’ since 1984. They have proposed guidelines 
on gamete donor and participant screening, physician y 
training, clinic staffing and guidelines for embryology 
and andrology laboratories. Compliance with such 
guidelines is voluntary. The Fertility Clinic Success 
Rate and Certification Act has been passed by the US 
Congress in 1992 on the recommendation of the AFS 
and the Society for Assisted Reproductive Technology 
(SART)^^. In 1986 the Fertility Society of Australia 
(FSA) set up guidelines and a code of practice for units 
using IVF and related reproductive technologies and in 
1987 the Reproductive Technologies Accreditation 
Committee (RTAC) was established. \ 

Regulation of quality control in MARTs and moni¬ 
toring, safety, record keeping, inspection and licensing, 
and requirement of sperm donor screening are necessar>' 
in India as well. Many Indian clinics are not required to 
give any statistics of the outcome of their treatment. No 
data exist on the individual doctors and the scientists’ 
ability to successfully perform any of the MARTs. 

Human experimentation 

Infertile patients have a right to know when the offered 
treatment is a proven medical therapy and when it 
amounts to an experimental trial. Furthermore, because 
of their often intense desire to conceive, infertile 
patients are vulnerable to the abuses of the researcher- 
subject relationship. Informed consent is a prerequisite 
^ to prevent such misdemeanors, " 

Embryo research 

Since the advent of MARTs questions pertaining to 
embryo research have moved out of the realms of 
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philosophical debate into the moral and ethical arena. 
The status of the embryo remains the central issue. 
There is no consensus as to the point at which the 
embryo acquires the status of a full person to enjoy the 
privileges of ‘Human Rights’. Most of the arguments has 
centred around the ‘moment of fertilization’ as being the 
stage at which full human identity is achieved. Counter¬ 
arguments emphasize the process of development, 
representing it as a continuum and pointing out that the 
potential to reach human individuality achieved after 
fertilization may never actually be realized. The 
Warnock Report^ recommended that experimentation 
should not be permitted after the appearance of the 
‘primitive streak’ (which is the first visual evidence of 
the development of neural tissues) on the 14th or 15th 
day after fertilization. Countries that do approve embryo 
research often stipulate that the embryos used must be 
those that are in excess to the number required for IVF- 
ET and that they should not be specifically created for 
research. 

Embryo research can contribute to improved treatment 
for infertility by extending knowledge about causes and 
treatment for infertility and thus improve success rates 
of MARTS, develop and test new immunocontraceptive 
methods and for preimplantation diagnosis of genetic 
disorders in biopsied blastomeres and amplifying the 
DNA by the polymerase chain reaction. 

Guidelines for semen donation 

These guidelines are specifically aimed to protect the 
baby from heritable genetic disorders and the mother 
and child from infection. The AFS developed its first 
guidelines for TDI in 1980 (revised in 1986, 1988, 1990 
and 1993) to enable physicians provide a safe and 
efficient service to infertile couplesA code of 
practice has also been laid down in the HFEA and simi¬ 
lar guidelines have been suggested by the British 
Andrology Society^^. 

These, guidelines involve genetic screening of the 
donor, screening for STD, continued surveillance of the 
donor to provide ‘safe’ samples of optimal quality. It 
has been suggested that the semen sample be quaran¬ 
tined for 180 days to rule out the presence of HIV. The 
number of pregnancies from each donor should be 
restricted to 10 in larger cities and less in smaller areas 
to avoid inadvertent incestuous practices in the future. 

Financial compensation to gamete donors 

Selling of semen, eggs or pre-embryos is considered 
unethical by the AFS^^ and such commercial transa¬ 
ctions are specifically prohibited by the Warnock 
Report^ Donating eggs for money makes it uncomfor¬ 
tably close to a form of organ trade and leaves donors 
open to exploitation. Some centres have found a solution 


to this ethical problem by compensating the donor for 
the time and expenses associated with undergoing IVF 
treatment cycles which is directly or indirectly paid by 
the recipient. Some centres offer free IVF or GIFT cycle 
treatment as compensation for excess egg donation. 

Selective foetal reduction^^ 

Iatrogenic multiple pregnancies can sometimes result 
after MARTs as a consequence of controlled ovarian 
hyperstimulation. Selective termination of normal 
foetuses in such cases presents exceedingly difficult 
ethical issues similar to abortion. The basis for selecting 
which of the foetuses to terminate is purely technical. 
The most Justifiable argument in favour of selective 
foetal reduction lies in the physician’s obligation to 
preserve the pregnancy itself and achieve the best 
possible outcome in the circumstances as long as the 
consequences of the surgical intervention are in best 
interests of the patient and are acceptable to the couple. 

Cloning^^ 

There has been considerable public interest in the 
possibility of producing human clones by the repeated 
splitting of blastomeres and producing more than one 
embryo from a single zygote. All this should remain in 
the realms of science-fiction imagination although there 
is reason to believe that this would be technically 
feasible. As many as 10 to 12 clones have been 
produced in the cow. 

Informed consent 

The chances of success of MARTs are extremely low 
and therefore it is necessary that the infertile couple 
coming for treatment are v/ell-counselled about the 
success rates and prepared for the possibility of failure 
rather than merely raising their hopes in the chances of 
success. An informed consent is necessary from the 
couple undergoing MART treatment. The cost of the 
treatment and the medical, social and possible legal 
implications must be explained to the couple. Besides 
the infertile couple, the consent of gamete donors is also 
essential. 
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Does a period of amenorrhoea raise subsequent 
chances of implantation in women? 


R. G. Edwards* and S. F. Marcus** 

*ChurchiII College, Cambridge CB3 ODS, UK 

**Bourn Hall Clinic, Bourn, Cambridgeshire CBS 7TR, UK 

A notable feature of the recent work on IVF has been 
the use of oocyte donation and hormone replacement 
therapy (HRT) to establish pregnancies in women. This 
form of treatment originated through the work of Lutjen 
et a/.\ when the first pregnancy arose through the use of 
a sequence therapy with oestrogens and progestagens to 
imitate the steroidal events of the natural menstrual 
cycle in combination with oocyte donation and embryo 
transfer. Since then, several studies have shown how this 
form of treatment in acyclic women, e.g. those between 
the ages of 30 and 50, can result in pregnancy rates far 
higher than in cyclic women of the same age undergoing 
IVF with their own oocytes“. The lengthy debate on the 
causes of this higher fertility, and especially the res¬ 
pective roles of egg and uterus, has not led to any clear 
resolution of this condition. Some workers indicated that 
the uterus is the primary factor leading to high rates of 
implantation"’ whereas others insisted on the donation 
of oocytes from younger women as the primary factor"^. 
The concepts underlying these debates have even led to 
some clinics recommending premenopausal women to 
have oocytes from donors instead of using their own 
oocytes to establish pregnancies, to take advantage of 
the higher rates of implantation supposedly gained by 
this approach. 

This brief review gives our own concepts on the 
causes of high fecundity in acyclic women, and extends 
these concepts to the establishment of high rates of 
pregnancy in women who are over 50 years, or are 
down-regulated for several months by the use of LHRH 
agonists. We also propose reasons for the high fecundity 
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of young women, and an explanation of the sharp de¬ 
cline in fertility of women approaching menopause. 

Is the reduced fecundity in premenopausal 
women due to a failure of the first stage of 
implantation? 

The onset of infertility in premenopausal women may be 
due to a sudden loss in their ability to implant their 
embryos, i.e. during the first or a very early stage of the 
implantation process. Moreover, a period of amenor¬ 
rhoea may be beneficial for the establishment of 
pregnancy in these and other women. This concept 
emerged from the studies on acyclic/agonadal women 
aged between 30 and 50 years, when a detailed analysis 
showed how the overall incidence of clinical preg¬ 
nancies and implantation rates per embryo were signi¬ 
ficantly higher in them after accepting oocyte donation 
and HRT therapy than in cyclic women of similar ages' 
(Tables 1 and 2). It was shown that embrym quality, as 
assessed morphologically, was not the cause of this 
difference. Such evidence implied that no benefit arose 
from the use of oocytes from donors aged 35 and less. 

When data from all cyclic and acyclic women were 
analysed, it was evident that the implantation rate per 
embryo was much higher in acyclic women. When data 
from pregnant women only were analysed, this dif¬ 
ference was lost, for rates of implantation were identical 
in pregnant women in both the cyclic and acyclic groups 
(Table 2). This evidence inferred that uterine capacity in 
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Table 1. Pregnancy rates by age and types of cycle^ 



Type of cycle 


UK data 

Natural 

HRT cyclic 

HRT acyclic 

Late 20s 

6/18 (0.33) 

9/26 (0.33) 

1/3 (0.33) 

Early 30s 

25/77 (0.33) 

15/50 (0.30) 

7/12 (0.58) 

Late 30s 

25/77 (0.33) 

17/59 (0.29) 

5/8 (0.63) 

>40 

1/20 (0.05) 

2/20 (0.10) 

1/4 (0.25) 

US data 





Stimulated 

HRT acyclic 

Late 20s 

14/40 (0.35) 

2/7 (0.26) 

Early 30s 

16/61 (0.26) 

5/7 (0.71) 

Late 30s 

14/58 (0.24) 

7/19(0.37) 

>40 

1/36 (0.03) 

5/18 (0.28) 


Table 2. Implantation rates per embryo in cyclic women and in acyclic women 
given oocyte donation and HRT therapy^ 

Cycle 

All patients 

Pregnant patients only 

UK data 

Natural 

68/482 (0.141) 

68/165 (0.412) 

HRT cyclic 

55/387 (0.142) 

55/131 (0.420) 

HRT acyclic 

16/60 (0.267) 

16/36 (0.444) 

US data 

Stimulated 

57/549 (0.104) 

57/176 (0.324) 

HRT acyclic 

19/120 (0.158) 

19/48 (0.396) 


fertile women of both the groups was similar, and that 
the fertility difference between them arose because 
significantly more acyclic than cyclic women could esta¬ 
blish pregnancies. 

These findings indicate that the decline in fertility of 
cyclic women as menopause approaches is due to a 
failure of implantation in an increasing proportion of 
them. It is not due to a general decline in the fertility of 
all women. Moreover, the onset of this loss of fertility is 
sudden, and it apparently affects the first stage of 
implantation since there is no evidence of increasing 
rates of very early pregnancy loss in these premeno¬ 
pausal women, e.g. of a high frequency of biochemical 
pregnancies. The women simply and suddenly fail to 
become pregnant, as if the embryo has either failed to 
attach to the uterine epithelium or has died before it 
could produce HCG^. All this evidence points to their 
sudden infertility being due to a catastrophic failure in 
the initial stages of implantation. This situation does not 
arise in acyclic women, who retain their youthful 
fertility, probably because their uterus has been rested 
over a period of amenorrhoea. 

The significance of amenorrhoea as a means of 
raising implantation rates 

A study was obviously needed to discover if a period of 
induced amenorrhoea in cyclic women could raise their 


chances of pregnancy when the treatment ended and 
their normal cycles resumed. It is not easy to find a 
group of infertile women who could be asked ethically 
to volunteer for a prolonged period of amenorrhoea 
before receiving IVF. They would have to forego their 
chances of pregnancy for several months, at a time when 
their desire was to establish pregnancy as soon as 
possible. One group of patients who could benefit from 
a period of amenorrhoea were those with severe endo¬ 
metriosis, for pituitary down-regulation would remove 
any stimulus to the regrowth of their endometriosis 
while any effects on their subsequent fertility were 
assessed. 

A number of volunteers who had been fully counselled 
and who had been treated for severe endometriosis with 
Danazol or other treatments before undertaking IVF 
joined the trial. A group of control patients were given 
their IVF when their therapy for endometriosis had been 
completed. The treated patients were down-regulated 
using the LHRH agonist Zoladex for between 2-1 cycles 
before their IVF began, and results from the two groups 
were compared (Tables 3 and 4)^. Considerable dif¬ 
ferences in the resulting fertility of the two groups 
during IVF were found, following a minimum of 3 
cycles of down-regulation. Pregnancy rates more than 
doubled above controls by this treatment. The degree of 
persistence of endometriotic lesions was similar in 
treated and control patients, and did not seem to in¬ 
fluence the results. 
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Table 3. Outcome of treatment in successive IVF cycles in controls and foll owing a period of pituitary down-regulation using Zoladex^ _ 

Controls Zoladex for 2-7 cycles 

Failure Number Failure Number 
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These data enable two conclusions to be drawn. First, 
down-regulation for 3 months or more enables the uterus 
to recover and high numbers of pregnancies to be esta¬ 
blished (Table 5). Secondly, this result is achieved using 
the patients’ own oocytes, showing that oocyte donation 
is not needed to improve the chances of a woman im¬ 
planting her own embryos. Another development in the 
technique of oocyte donation occurred at this time, for 
several clinics showed how postmenopausal women up 
to and beyond the age of 60 could establish preg¬ 
nancy using HRT and oocyte donation. 

Pregnancies in women aged over 50 years using 
HRT therapy and oocyte donation 

Initial studies, on establishing pregnancies in post¬ 
menopausal women using HRT therapy with oocyte 
donation were carried out in 1988 (ref. 4). The age limit 
in this initial study was <50; nevertheless, it was clear 
that the onset of menopause did not prevent many 
pregnancies being established in these women. More 
reports^”^® then appeared, showing how patients in the 
early and late 50s, and even older, could establish 
pregnancies in this manner (Table 6). 

The number of treatment cycles with these patients is 
still modest, but sufficient evidence has accumulated to 
reach a preliminary estimate of fertility of women aged 
over 50. Surprisingly, their fertility was quite high, with 


implantation rates similar to women in their early 30s, 
low abortion rates and a capacity to carry their pregnan¬ 
cies to full term. These results were assessed in data col¬ 
lected from four clinics practising the work (Table 6). 
Some of the reported pregnancy rates were very high, 
e.g. 38% per attempt and 19% per embryo with 
reports of a 29% pregnancy rate elsewhere^. There was 
overwhelming evidence that these women did not share 
the increasing risk of infertility of premenopausal cyclic 
women. Their fertility appeared to be similar to that 
described above of acyclic women given HRT therapy 
and oocyte donation, and of cyclic women given a 
period of down-regulation before IVF with their own 
oocytes. The common thread appears to be a previous 
period of amenorrhoea before the establishment of pre¬ 
gnancy is attempted. 

It is also worth noting that the high fertility of young 
women also follows a period of amenorrhoea during 
their pubertal years. Perhaps this is a fourth example of 
the same phenomenon. 

What is the significance of a period of 
amenorrhoea? 

The most obvious value of amenorrhoea is to reduce the 
impact of constant cyclic steroid action on the respond¬ 
ing uterus. If this is accepted, then there are many 
possible candidates to account for the beneficial effects 


Table 5. Pregnancy rates related to the number of months of down-regulation 
and activity of endometriosis^ 

Zoladex cycles 

Endometriosis after Zoladex treatment 



Active 

Non-active 

Total 

2 

0/3 

1/4 

1/7 

3 

6/17 

2/7 

8/24 

4-5 

1/2 

2/2 

3/4 

6-7 

3/5 

3/4 

6/9 

All 4-7 

4/7 

5/6 

9/13 


Table 6. Data from four clinics on pregnancies in women aged over 45 years 



1 

Clinic 

2- 3 . 

4 

Patients 

75 



113 

Cycles 

111 

114 



Failed fertilization 


6 



No. of embryos transferred 

110 

108 

221 


No. of pregnancies 

31 

50 

66 

44 

Pregnancy rate per embryo transfer 

28.1 


28.5 

38.4 

Implantation rate per embryo 

14.4 

17.4 

11.9 

12.6 

Abortions 

4 

- 8 


7 


Data still incomplete for some parameters. 
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on implantation rates. Changes in the characteristics of 
steroid-sensitive uterine flora, the down-regulation of 
steroid receptors, or perhaps an overgrowth of some 
tissues after repeated menstrual cycles could all be 
involved. The list can be narrowed down by the 
evidence described above that the first or an early stage 
of implantation is involved. Taking this into account, the 
accumulating effects of repeated cycles could be 
mediated by changes in the epithelial receptors res¬ 
ponsible for embryo attachment (i.e. in adhesion), or 
perhaps those assisting the very earliest changes in the 
invasion of the embryo into the stroma. The most likely 
candidate, however, is the pinopod. 

Pinopods, the ‘drinking pods’, are highly proge¬ 
sterone-sensitive, with perhaps the highest concentra¬ 
tion of progesterone receptors in the uterus. They 
are thought to be responsible for extracting uterine 
fluid^^"^^. Removal of the fluid draws the walls of the 
uterus tightly around the embryo, so tight that 
indentations are made in the trophoblast of the embryo, 
in patterns resembling those of the pinopods and 
microvilli on the luminal epithelial surface. This tight 
binding might then enable the embryo to attach to this 
epithelium by short-range chemical forces. During the 
natural cycle, pinopods appear on the luminal epithelium 
on cycle day 18-19, and persist for 3-4 days; none 
remain by day 22 (ref. 14, 15). Fewer patients may form 
pinopods, and they may also form 1-2 days earlier after 
ovarian hyperstimulation, during HRT cycles or after 
uterine infection^^. In HRT cycles, pinopods form by 
day 19, and persist to day 21, although their appearance 
may be postponed by two days^^. The timing of their 
appearance matches the period of implantation very 
closely, i.e. it seems to indicate the period of the 
‘implantation window’. 

Pinopods are just the type of organelle which would 
be responsible for the first stage of implantation. Their 
malfunction would result in the embryo remaining in a 
pool of uterine fluid, with little chance of binding to the 
luminal epithelium. This would explain the situation in 
women approaching menopause. There has been evi¬ 
dence of‘secretory exhaustion’ in the uterus^^, and of a 
declining number of pinopods in the ageing mouse 
uterus^^. ‘Pinopod disease’ under these circumstances 
could explain all the observations made on the fertility 
of premenopausal women, and its reversal could explain 
the observations described above on acyclic, post¬ 
menopausal and pubertal women, and on these cyclic 
women given pituitary down-regulation for several 
months before IVF. Could this disease be alleviated by a 
period of amenorrhoea? 

The effects of amenorrhoea on fertility 

It is unfortunate that there is very little direct evidence 
on the effect of a period of amenorrhoea on the func- 
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tions of the uterus at implantation. Indeed, it seems that 
the question has never been seriously raised before, in 
any mammalian species. There is no evidence of the 
pinopod population in the human uterus at menarche, 
during the reproductive years and at menopause, despite 
the thousands of endometrial biopsies taken over so 
many years! There is evidence of their high pro¬ 
gesterone sensitivity,, reflected in their sensitivity to the 
action of antiprogestagens^^. Despite some evidence of a 
decreasing number of pinopods in ageing mice^^, there 
is none on their changing numbers or sensitivity with 
advancing age in women, except for statements by some 
observers pointing out how they represent an excellent 
marker of fertility in the human female. 

It is clear that the uterus can respond very quickly to 
steroid hormones after a period of amenorrhoea. This 
has been shown by the capacity of acyclic women to be 
capable of implanting an embryo in the first cycle of 
HRT therapy after many years of postmenopausal 
amenorrhoea". There is no need for a preparative cycle, 
for implantation rates are similar without it. Some 
evidence in rodents has indicated that the chances of 
implantation are higher when ovariectomy is used to 
induce an amenorrhoeic period, succeeded by ovarian 
grafts^^. It is even possible that the embryo is involved 
in this scenario, since the human blastocyst produces 
progesterone in addition to HCG"\ and may release 
GnRH as in the rhesus monkey blastocyst^^, and this and 
other embryonic hormones could exert considerable 
local effects on the luminal epithelium. A considerable 
amount of work is clearly needed, involving carefully 
timed endometrial biopsies coinciding with pinopod 
formation and regression, and detailed measurements of 
pinopod activity at various maternal ages. A thoughtful 
analysis of other potential steroid-sensitive systems 
which affect the first stage of implantation and which 
could be impaired by repeated cyclic activity is also 
needed. 

Explanations will have to be made of the ‘uterine 
memory’ that is inherent in this model of a pinopod 
disease as a cause of human infertility. Which uterine 
factor leads to a succession of cycles that enables 
epithelium or stroma to ‘remember’ their previous expo¬ 
sure to steroids? This question is complicated by the 
nature of menstruation and the repair of the stroma from 
a population of stem cells. These cells must have an 
imprinted system responsive to steroids that is passed on 
to their descendant cells during successive menstrual 
cycles, yet are reversible by a period of amenorrhoea 
and steroid withdrawal. This factor is unlikely to be 
genetic, but it could involve shorter-term modifications 
in secondary messenger systems. 
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Stress and reproduction: The role of peptides and 
other chemical messengers in the brain 


J. Herbert 


Department of Anatomy and MRC Cambridge Centre for Brain Repair, University of Cambridge, UK 


Stress is a powerful regulator of reproduction. Re¬ 
production is reduced in both humans and animals 
exposed to either physical or psychological stressors. 
Both sexual behaviour and fertility are diminished. 
Recent studies suggest that a variety of neuro¬ 
chemical systems in the brain are involved. These 
include peptides, such as P-endorphin and CRF, as 
well as steroids and monoamines. These have power¬ 
ful suppressant actions on reproduction. Though 
peptides are distributed within the limbic system, the 
precise actions they have on behaviour and other 
dependent variables depend, for example, upon the 
site at which they act. The effects of P-endorphin in 
the hypothalamus and amygdala, though related, are 
distinct. It is becoming apparent that specific pep- 
tide-containing neural systems are activated by 
different categories of stressor. This knowledge will 
lead to more precise understanding of stress-induced 
infertility. 


Studying reproduction: strategies 

The experimental study of reproduction has been highly 
successful. The use of standardized preparations under 
carefully controlled conditions has enabled the mecha¬ 
nisms underlying such important reproductive events as 
ovulation, implantation, seasonal breeding and sexual 

CURRENT SCIENCE, VOL. 68, NO. 4, 25 FEBRUARY 1995 


behaviour to be described and, to a degree, understood. 
Though no-one would argue with the premise that much 
more needs to be done, nevertheless current information 
is such that not only are there coherent accounts of these 
processes, but the applications of this knowledge to the 
clinic and the community have had immense impact on 
human affairs. The power of the simplifying approach to 
these questions is, therefore* vindicated. Reproductive 
events, studied in comparative isolation, have yielded to 
the powerful experimental techniques currently avail¬ 
able. One extreme example of this approach is the fact 
that fertilization and its mechanisms can now be studied 
in vitro, allowing the contemporary methods of mole¬ 
cular and cell biology to be applied with exciting and 
fruitful results. 

Reproduction in the real world 

But this reductionist approach, though successful in its 
own terms, has carried a penalty. Reproduction takes 
place in the real world, a world in which many other 
events occur, and is subject to the environmental and 
social constraints typical of any other activity. Of 
course, ecologists and population biologists have long 
recognized this, and the study of such factors occupies a 
major part of these fields of enquiry. All mammals live 
in a competitive and hostile environment. The struggle 
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for access to food, water, shelter and a mate, and 
avoidance of predation or competitive injury, is a major 
concern. Reproduction is energetically and socially 
expensive and risky. Every species, therefore, has to 
maximize its reproductive efficiency - that is, try to 
ensure that the return (in terms of viable offspring) is 
maximal for its investment (that is, in terms of energy 
resources committed, or risks undertaken of damage or 
death). The precise nature of these risks will depend 
upon the species concerned. For example, species in 
which the males have to defend a territory against others 
during the breeding season will be at risk of injury; the 
burden on the mother may be less in species in which 
both parents participate in feeding the young. Species 
that breed in highly hostile physical environments need 
to adopt special stratagems to maximize the survival of 
the young, and so on. All these environmental demands 
impose constraints upon reproduction. The process by 
which demand is recognized and dealt with is stress 
management. The problem is to marry our knowledge of 
the ways that stress regulates reproduction with the 
detailed accounts of reproductive processes themselves. 
We must do this, if we are to understand how the basic 
mechanisms regulating reproduction interact with agents 
in the social and physical environment that have power¬ 
ful effects on the success or otherwise of reproduction in 
the real world in which animals and man live. There is a 
considerable literature - much of it anecdotal - on the 
effects that stress has on reproduction. The effects of 
stress, and the control of reproduction both involve the 
brain. We are beginning to know enough about the 
neural processes of each to try and bring the two sets of 
neural mechanisms together, and see how they interact. 

What is stress? 

Before doing so, it is important to consider the contem¬ 
porary meaning of ‘stress’ and how our view of this 
process has altered in recent years. The definition of 
‘stress’ has moved from a single concept to a generic 
term for a range of processes. It is important to under¬ 
stand the nature of this evolution. Claude Bernard’s 
recognition that maintaining the internal milieu within 
tolerable limits was an essential property of life carried 
with it two implications. The first is that there are agents 
that will tend to displace the milieu from its optimal 
position, and the second that there must, therefore, be 
mechanisms that both detect this tendency and counter¬ 
act them. Though Bernard focused on physical agents, 
we now know that the environment contains others that 
can act in similar ways. The notion that responses to 
such events were unitary derives both from Cannon^ and 
Selye“. Cannon was concerned with acute emergencies, 
and pointed to the essential role of the autonomic 
nervous system (ANS) in responses to them. In his view, 
activation of this system characterized preparation for 
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either ‘fighf or ‘flight’. It is significant that this concept 
combined an undifferentiated response (the activation of 
the ANS) with a differentiated one (the decision- on 
either fight or flight). The latter, of course, involved 
mechanisms other than the ANS (i.e. within the brain); 5 
but the important point was that, for the theory in its 
original form, the physiological response did not 
differentiate between these two very distinct behavioural 
strategies. A variety of findings now suggest that it is 
persistent, chronic or repeated stress that is particularly 
significant in regulating reproductive (and other) events, 
and which is likely to result in pathological conse¬ 
quences. Selye recognized this. He ascribed these 
effects not to acute changes in the ANS (and the 
associated ones in cardiovascular and catecholaminergic A 
function) but to the secretions from the adrenal cortex - 
in particular, corticoids. His thesis depended upon two 
principles: that stress (of whatever nature) increased the 
levels of adrenal corticoids, and secondly, that there was 
a time-dependent factor in this response. Eventually, he 
thought, the adrenal response would either wane, or the 
effects on target tissues of persistently elevated hormone 
levels would prove damaging. The significant feature, in / 
the context of this discussion, is that Selye also assumed 
that all ‘stresses’, of whatever nature, resulted in an 
undifferentiated endocrine response. Although Selye 
recognized ‘specific’ components in the response to a 
given category of stressor, the significant event in the 
response to any stress derived from the adrenal cortex 
and its hormones. 

The evolution of concepts of stress 

These original, undifferentiated concepts of stress are 
being replaced with more complex, differentiated, ones. 
That is not to say that the original findings were 
incorrect. There is no doubt that activation of the ANS 
is a feature of a wide variety of acute stresses, though 
the view that the ANS responds as a single system is 
being modified. Increased adrenal corticoid secretion is 
a consistent element in the response to m.any, if not ail, : 
stresses. But Bernard’s fundamental postulate already 
contains the seed of doubt that undifferentiated models 
are sufficient. Though current knowledge of the compo¬ 
sition of the internal milieu was not available to 
Bernard, it is clear that the nature of potential distur¬ 
bances can vary. For example, maintaining temperature, 
electrolyte composition or blood glucose within toler¬ 
able limits involves different mechanisms, and the 
results of inadequate regulation will have different con- ^ 
sequences. There is also recognition that the sources of 
‘demand’ or ‘stress’ are not only the physical but also 
the social environment. All mammals live in some sort 
of social structure; this not only provides advantages 
in terms of defence of territory, food acquisition or 
mate selection but also is a source of demands, since 
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there will always be a limit to the availability of re¬ 
sources, and therefore competition for them. So stress is 
differentiated according to its source and nature. It is 
also differentiated according to the pattern of response. 

There has been much debate over whether the term 
‘stress’ should be applied to an event which by general 
agreement represents a physiological or psychological 
demand on (such as, say, extreme heat, or an attack by a 
conspecific), or to the pattern of response (say, elevated 
corticoids, or avoidance behaviour). The former assu¬ 
mes that there are events which, inevitably, will be 
stressors; the latter, that there is a recognizable pattern 
of response that identifies the presence of a significant 
stress. Both definitions are too restrictive. Lazarus and 
colleagues^, working on humans, and Weiss’ work on 
animals'^ show clearly that there is no simple ‘stimulus- 
response’ relation between a stressor and the response to 
it. In the case of man, there are complex cognitive pro¬ 
cesses whereby someone presented with a stressful 
situation apprises the nature, source and significance of 
the stress, assesses the available resources (both per¬ 
sonal and social), and the likely outcome of the response 
to the stress. This process, an interactive one, may 
continue and change during the operation of a prolonged 
or repeated stress - hence the term ‘transactional 
coping’. Whilst stress responses may differ in animals 
(and, perhaps equally importantly, in different species or 
in those with varying degrees of cerebral or social 
development), there may be similarities. In particular, 
unpredictable or uncontrollable stress may have parti¬ 
cularly powerful effects on both endocrine and psycho¬ 
logical function in both man and other animals^. 

The multiple nature of stress responses is also empha¬ 
sized by more thorough examination of the endocrine 
changes accompanying them. Mason^ began this process 
by showing that hormones other than adrenal corticoids 
and catecholamines were reliably responsive to stress - 
and that these changes might occur even in the absence 
of corticoid hypersecretion. Since that time, a great deal 
of evidence shows that many endocrine systems, includ¬ 
ing gonadal hormones, are altered by stress. 

A major proposition of this article is that social 
structure and its consequent interactions are an impor¬ 
tant regulator of reproduction. The second proposition is 
that this comes about because social interactions are a 
major source of stress. Finally, it is proposed that social 
stress has direct actions on reproduction, and that these 
come about through the operation of identifiable neural 
mechanisms. 


to potential mates, or defence of the young against 
rivals. Losers in this competition will have greatly 
reduced chances to reproduce. In the majority of 
socially-living mammalian species (particularly pri¬ 
mates) breeding activity is not distributed evenly amo¬ 
ngst members of the group. A dominance hierarchy is a 
consistent feature of primate groups. Dominance is 
defined as the acquired property of priority of access in 
competitive situations. It is a form of social learning, in 
which individual members of the group come to know 
which other members they are likely to defeat in 
agonistic encounters. Liaisons and coalitions between 
group members may complicate the dominance pattern; 
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The relation between social structure and breeding has 
been recognized for many years. Though, as already 
pointed out, the form this takes varies, in many species 
this involves competition between individuals for access 


Figure 1. Above, Effect of receiving high levels of aggression 
on diurnal levels of cortisol in male talapoin monkeys living in 
social group. Below, Differences in mean levels of prolactin, cor¬ 
tisol and testosterone in dominant or subordinate male talapoin 
monkeys. 
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Figure 2. Above, The relation between vigilance behaviour 
(‘looking at other males’) and aggression received in captive groups 
of talapoin monkeys. Below, The effect of decreasing rank on 
copulation in social groups of talapoin monkeys. 

that is, an individual’s rank may depend upon his/her 
relation with other members of the group as much as 
his/her own agonistic qualities. The nature of the 
resource being competed for may also affect dominance 
hierarchies; for example, competition for food or mates 
may have somewhat different outcomes. So, although 
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the dominance hierarchy is easily defined and recog¬ 
nized, it is not necessarily linear or simple. 

There is little doubt that an animal’s position in the 
social hierarchy can be highly stressful. In monkey 
groups, the majority of aggressive interactions are 
directed towards more subordinate animals. This, and } 
the threat of being attacked, seems to represent a potent 
form of chronic or persistent stress. This state is 
reflected by both endocrine and behavioural markers. A 
subordinate monkey shows marked disturbances in the 
diurnal rhythms of cortisol, with elevated levels 
throughout the day, most prominently in the evening 
(when cortisol is usually at its minimum)^ (see 
Figure 1). There are equally marked differences in beha¬ 
viour, including high levels of vigilance behaviour by ^ 
which subordinates constantly monitor the actions of ^ 
more dominant animals (particularly those of the same 
sex)^’ ^ (see Figure 2). Subordinate vervet monkeys show 
stress-typical lesions such as gastric ulcers; there may 
also be increased neuronal death rate in corticoid-sensi- 
tive areas of the brain such as the hippocampus^^. 
Mortality rates are much higher in subordinate monkeys 
than more dominant ones ^ ^ \ 

Regulation of reproduction by the physical and 
social environment 

The social environment regulates reproduction by both 
behavioural and physiological means^^’ For example, 
only the most dominant male monkeys in captive groups 
of talapoins copulate with the females (Figure 2). Sub¬ 
ordinates make few attempts, and are inhibited from 
sexual interaction for quite long periods even if the 
more dominant males are removed^"^’ At the same 
time, blood levels of testosterone in subordinates are ^ 
considerably lower than in more dominant animals - an 
effect that becomes more obvious when the group 
contains sexually attractive females. However, these 
behavioural and endocrine stigmata of social subordi¬ 
nation are not directly linked, since treating subordinate 
males with testosterone restores their serum hormone 
levels but does not reinstate sexual behaviour^"^’ 

There are similar mechanisms in female primates, > 
though it seems that social stress has more marked 
effects on their physiology. Subordinate females often 
ovulate less regularly and in some ovulation may be 
totally suppressed”’ • An extteme example is shown by 
the New World mannoset, in which the reproductive 
capacity of young females in their natal group is 
completely inhibited until they leave the group or the 
most dominant fe®ule (usually their mother) dies'®. 

There is continuing discussion over whether an ani- p 
maTs social rank is ><self responsible for these effects, 
or whether the amount of aggressive interaction is the 
critical factor The two are not necessarily congruent. 

For example. inastaWe group, levels of aggression may " 
be quite low, though the dominance hierarchy may be 
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obvious, steep and persistent. However, in more labile 
groups, in which social relationships are less well 
established, there may be higher levels of aggression as 
animals continue to try and establish their rank order. 
Within a group the same provisos may occur. If the 
relative rank of two animals is uncertain, there may be 
more aggression between them. Alternatively, the more 
dominant male (say) may attack one member of the 
group more than another. In one study, the negative 
correlation between serum testosterone and aggression 
in different male members of a captive talapoin monkey 
group was more pronounced than that between testo¬ 
sterone and rank^^. This supports the notion that social 
rank acts as a moderating factor reducing the levels of 
overt aggression. 

Population density, with its attendant overcrowding, 
food shortage and increased aggression, has been reco¬ 
gnized as an important mechanism for regulating 
reproduction (see ref. 20). Such conditions result in 
lower ovulation rates, impaired implantation and increa¬ 
sed rates of abortion or resorption. Furthermore, infant 
mortality increases, and the growth of the young that 
survive is compromised. 


Stress and reproduction in man 

Is there evidence for similar relations between social 
structure, stress and reproduction in man? There is no 
doubt that stress can reduce testosterone levels. Physical 
danger, such as a military threat, or more psychological 
stresses, such as the constant vigilance needed by air 
traffic controllers, both lower serum testosterone in 
man^^’^^ as do periods of prolonged physical exertion 
and sleep deprivation^^. Socially dominant men-who 
are not necessarily the most aggressive - have been 
found to have higher serum testosterone than others^"^. 
So-called type A men - who tend to the more dominant 
members of society because of their assertive and 
ambitious personalities - also have higher testosterone 
levels than type B, who are more passive. The latter 
respond to stress by lowering their blood testosterone, 
whereas in the former it may rise“^. Young men showing 
high levels of either physical or verbal aggression may 
also have the highest levels of testosterone^^, though this 
finding has been questioned"^. 

There is a wealth of anecdotal evidence for similar 
features in women, though reliable data are harder to 
come by. Physical exertion is thought to be able to 
interfere with the reproductive cycle"^. Most psycho¬ 
logical stressors may also inhibit reproduction, though 
the evidence is even less secure. During the second 
world war, it was reported that generalized severe stress, 
such as that experienced in concentration camps, 
resulted in amenorrhoea, but these conditions also 
included food shortage, itself a potent cause of reduced 
fertility. 


Neural mechanisms concerned with stress 
responses: p-endorphin 

There are many different kinds of stresses, and a wide 
range of stress responses. The neural mechanisms that 
both recognize and formulate responses to stress are, 
therefore, equally diverse. However, it is beginning to 
become evident that there are recognizable parts of the 
brain, and chemically-identifiable neutral systems that 
seem particularly concerned with the way that stress 
modifies reproduction. This is illustrated by the effects 
of (3-endorphin on sexual behaviour and its more general 
role in reproduction. 

The synthesis of P-endorphin in the brain (Figure 3) is 
limited to two cell groups, one lying in the hypothalamic 
arcuate nucleus (a structure implicated in the control of 
LH secretion), and the other in the brainstem nucleus of 
the solitary tract (NTS), known to be concerned with 
autonomic and related flinctions^^’(Figure 4). It is 
important to note that p-endorphin is derived from a 
larger precursor, and is a member of a family of 
peptides. The action of other members may compete 
with or complement those of p-endorphin. From the 
peptide-expressing neurons of the arcuate nucleus, 
fibres pass anteriorly to other areas of the hypothalamus 
(including the preoptic area, known to be important in 
the control of sexual behaviour), and the amygdala 
(recognized to. be concerned with fear and oth#r stress- 
associated responses). Other fibres run dorsally, towards 
the hypothalamic paraventricular nucleus (a site for the 
control of ACTH and hence corticoid levels), and thence 
to the brainstem, terminating in a number of structures 
(including the NTS) that have significant functions in 
the regulation of the autonomic nervous system. 


P-Endorphin and stress 

Central p-endorphin seems to be released during various 
forms of stress^^ including adverse environmental 
conditions. Though there have been technical problems 
about measuring the release of p-endorphin under 
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Figure 3. Synthesis of (3-endorphin in the brain. 
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Figure 4. Distribution of p-endorphin-containing pathways in the 
brain. 


stressful conditions, enough is now known about this 
peptide to indicate that it is particularly concerned with 
regulating reproductive physiology, and is part of the 
mechanism whereby reproduction is controlled by vari¬ 
ous elements in the external environment, including 
social and physical stress^”’Much attention has been 
focused on the mechanisms for inducing reproduction at 
times or in conditions that are the most propitious for 
success, and that carry the least risk. Less has been 
given to equally important mechanisms that ensure that 
reproduction is inhibited at other times - for example, 
during periods of increased stress or demand - and yet 
such mechanisms must exist. 
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Figure 5. Reciprocal relation between levels of p-endorphin in the 
hypothalamus of male hamsters and blood levels of testosterone 
under different photoperiods. 


short photoperiods) are higher than in photostimulated 
ones^^. The concentration of p-endorphin bears a 
consistent relation to the duration of the ambient photo¬ 
period: the shorter the photoperiod, the higher the levels 
of p-endorphin^^ (Figure 5). These, and other findings, 
show that p-endorphin levels are regulated by the 
duration of the photoperiod, and that this system 
represents one mechanism whereby reproduction is 
inhibited under appropriate circumstances^^. 

Opiates given peripherally or infused into the 
hypothalamus and other parts of the limbic system 
reduce gonadotrophin levels and increase prolactin 
levels^^’ Intra-ventricular P-endorphin has been 

known for some time to inhibit copulation in male 
rats'^^’'^^ These are the typical features of stress-induced 
reproductive suppression. The conclusion that endo¬ 
genous opioids may be involved in the process whereby 
social rank regulates reproduction is strengthened by the 
finding that p-endorphin levels in the CSF of sub¬ 
ordinate males is about three times as high as in 
dominant ones^^ (Figure 6). It is assumed that these 
levels represent increased release of P-endorphin within 
some part of the limbic system. Adverse environmental 
conditions seem to increase the activity of endogenous 
p-endorphin, and this, it is postulated, represses both 
sexual behaviour and gonadotrophin secretion. 


Effects of p-endorphin on reproduction 

Sexual behaviour is attenuated in many species during 
pregnancy, when p-endorphin levels in the hypotha¬ 
lamus are increased^^. The photoperiod, operating 
through the pineal gland, acts as a powerful brake on 
reproduction in some species (e.g. the hamster, ferret 
and sheep) preventing birth during hazardous times of 
the year^^. p-endorphin levels in the hypothalamus of the 
photoinhibited hamster (that is, a hamster exposed to 


Local infusions of P-endorphin into the brain 

A more direct test of the behavioural action of P- 
endorphin is to infuse the peptide locally into the brain 
and observe its effects. Various areas of the brain have 
been implicated in the control of sexual behaviour, but 
the medial preoptic area and the amygdala are consis¬ 
tently recognized to be critical areas for hormonal 
action, at least in male rats"^^’"^^. Both, of course, are also 
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Figure 6. Increased levels of p-endorphin in the CSF of subordinate 
male talapoin monkeys. 


involved in the neural control of gonadotrophin secre¬ 
tion, though the evidence for this is less compelling than 
for a behavioural role. Local infusions of p-endorphin in 
these two parts of the limbic system have remarkable 
effects. 

The sexual behaviour of male rats can be studied by 
pairing the male with an oestrous female. To ensure a 
relatively consistent behavioural stimulus, an ovari- 
ectomized female is treated with a combination of 
oestrogen and progesterone that induces the full range of 
oestrous behaviour. Males studied in this way show a 
characteristic pattern of behaviour. There are two 
phases. During the first precopulatory stage (sometimes 
referred to as the ‘appetitive’ phase), the male explores 
the cage and begins to investigate the female by 
exploring her head and flank, paying particular attention 
to her ano-genital region. During all this the female - if 
she is oestrous and sexually receptive - may begin to 
display typical hopping and darting runs, accompanied 
by characteristic vibration of the ears. In some cases, the 
female seems to be responding to the male; in others, the 
female’s ‘preceptive’ behaviour (as these actions are 
collectively termed) occurs even before the male has 
started to investigate her, and seems to stimulate him to 
do so. This period of precopulatory behaviour is marked 
by the male appearing to gather information about the 
female, and by the female emitting oestrous-dependent 
behavioural signals to the male. The onset of the second, 
copulatory phase (the ‘consummatory’ phase) is signal¬ 
led by the male mounting the female. This may or may 
not result in vaginal intromission. A series of such 
mounts and intromissions then follows, until the male 
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ejaculates. Then there is an interval - the post-ejacu- 
latory refractory period ~ during which the male seems 
unresponsive to the female, before another sequence of 
sexual interaction begins again. 

j^-endorphin infused into the hypothalamus 

Lesion experiments have shown that the preoptic 
area/anterior hypothalamus (POA) of the male is critical 
for sexual behaviour. The effects on the sexual 
behaviour of the male rat of bilateral infusions of 
p-endorphin into the POA are equally striking and rather 
specific (Figure.7). After bilateral infusions of as little 
as 10 or 40 pmoles, male rats continue to pursue and 
investigate the female in the usual way, vigorously and 
repeatedly, so that an observer unaware of their 
treatment would expect that, at any moment, the 
expected sequence of mounting and intromission would 
begin. After a while it becomes apparent that mounting 
does not occur; the animals seem restricted to the 
precopulatory part of their interaction with the female, 
and unable to proceed to the next, copulatory, stage of 
their sequence'^'^. This behaviour is similar to that 
following bilateral electrolytic or neurochemical lesions 
of the POA'’^ 

One important advantage of infusing peptides over 
making lesions is that the former is temporary, and can 
be carried out at different stages in the sequence of 
sexual behaviour. When this is done, it yields some 
striking and surprising results. When an infusion of 
p-endorphin into the POA was delayed until the male 
had made his first intromission - that is, until the 
copulatory series had begun - than there was no longer 
any discernible effect"*^. The male mounted and ejacu¬ 
lated as if he had received a control infusion. However, 
the neurochemical state of the POA (i.e. its content of 
p-endorphin) was the same as that in which copulation 
had been prevented provided the infusions were given 
before the male was paired with the female. 

So P-endorphin in the POA does not inhibit the 
expression of the consummatory phase of sexual beha¬ 
viour. It seems to interfere with the process whereby 
sensory information - obtained during the investigative 
(or ‘appetitive’) phase - is processed and leads to the 
activation of the consummatory response. This discon¬ 
nection might be one basis of the stress-induced reduc¬ 
tion in copulation consistently observed. 

|3-endorpliin infused into the amygdala 

However, as we have seen, the amygdala - which has 
major inputs into the hypothalamus - is also implicated 
in sexual behaviour. Both anatomical and behavioural 
data suggest that the amygdala is concerned with 
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Figure 7. Above, Suppression of copulation following infusions of ^ 

p-endorphin into the pre-optic hypothalamus of male rats. Pre-copulatory 
behaviour is left intact. Below, Suppression of pre-copulatory behaviour by 
infusions of P-endorphin into the amygdala. 


processing sensory information from the cortex and 
olfactory system in the context of limbic function - for 
example, assigning emotional or motivational signi¬ 
ficance to stimuli. There are extensive inputs to the 
basolateral amygdala from the neocortex, particularly 
(but not exclusively) from higher order or ‘association’ 
areas (i.e. the parieto-temporal lobe), and to the corti- 
comedial amygdala from the olfactory tracts'^^ (Figure 
4). Lesions - particularly in the medial amygdala which 
receives a plentiful olfactory input - interfere with 
sexual behaviour in male rats"^^. The amygdala also re¬ 
ceives a P-endorphin-containing input from the hypo¬ 
thalamus'*^. But infusion of p-endorphin into this area 
has very different effects on sexual behaviour from 
those into the hypothalamus. 

Bilateral infusions of p-endorphin into the amygdala 
(but not the nearby caudate-putamen) had a consistent 
and specific effect on the sexual behaviour of male rats. 
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In contrast to the effects of similar infusions into the 
hypothalamus (which reduce copulation, see above), 
those into the amygdala inhibit the male’s investigation 
of the female - that is, the initial or ‘appetitive’ phase of \ 
sexual interaction (Figure 7). The onset of copulation is 
thus much delayed, though when it eventually occurs, it 
is not impaired. These results show that (i) p-endorphin, 
a stress-related peptide, has different effects on sexual 
behaviour when infused into different sites of the limbic 
system, (ii) these effects are on separable components of 
sexual behaviour, and these components relate to the 
general function of the neural sites (e.g. the amygdala is 
concerned with association of sensory information with ^ 
motivational states, the hypothalamus with the organiza¬ 
tion of behavioural and endocrine responses). So stress 
can affect separate aspects of reproduction, depending 
on the site at which stress-related peptides are released 
(see ref. 49 for a more extensive discussion). 
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Other peptides implicated in stress 

But p-endorphin is not the only peptide of interest in the 
context of stress-related alterations in reproduction. 
There are a large number of other peptides in the limbic 
system and many are involved in different forms of 
stress . As we have seen, social aggression and threat 
has potent effects on reproductive capacity. Aggression 
under biologically meaningful conditions is always part 
of another behaviour^^. For example, the aggressive 
behaviour of male monkeys or stags towards other males 
(but not females) during the mating season is part of 
sexual behaviour, and is thus regulated by testosterone 
levels and position in the dominance hierarchy, factors 
that also control sexual behaviour^^ Defence of the 
young by attacking intruders - in this case, other fe¬ 
males - is part of maternal behaviour^^’ and will have 
different controls and consequences. 

A variety of studies suggest that CRF-containing 
cerebral systems play an important role in the response 
to stress. CRF is expressed in neurons and terminals 
throughout the limbic system, in a number of cell groups 
in the brainstem associated with autonomic function 
(such as the parabrachial nucleus, locus coeruleus and 
dorsal vagal complex) as well as in many areas of the 
cortex, particularly limbic regions^"^’Infusing CRF 
intraventricularly (icv) invokes a range of autonomic 
responses, including enhanced catecholamine secretion, 
alterations in gastrointestinal activity, and increased 
blood pressure and heart rate - a pattern that resembles 
the physiological response to a variety of stressors^^^^. 
CRF also has behavioural^effects. In a familiar environ¬ 
ment, icv CRF causes dose-dependent increases in loco¬ 
motor activity, rearing and grooming, whereas in novel 
or more stressful contexts these behaviours are inhi¬ 
bited - typical reactions of rats and other small mam¬ 
mals to a fear-inducing or ‘arousing’ environment^^’ 
CRF has anxiogenic effects in experimental tests of 
anxiety; it enhances responses both to acoustic startle 
and conditioned fear, and the behavioural responses of 
male rats to other, unfamiliar males^^"^^. 

Though CRF may form an important part of the 
intracerebral response to stress (including behavioural 
and autonomic components, as well as endocrine ones), 
its effects on reproduction may well be indirect. Infusing 
CRF into the male rat’s amygdala, for example, 
increases aggressive behaviour with another male, but 
has no effect on sexual interaction with an oestrous 
female"*^’Most studies on stress use acute procedures; 
but chronic or persistent stress is a more physiologically 
and pathologically meaningful phenomenon. There is 
clear evidence that persisting or repetitive stress of 
various sorts can alter the central activity and distri¬ 
bution of peptides. Repeated immobilization increases 
the AVP content of CRF-containing neurons and their 
projections to the medial eminence^^ and might be 
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correlated with a special role for AVP in the regulation 
of pituitary ACTH in longer-term adaptations^^; the 
respective roles of CRF and AVP throughout the limbic 
system under such conditions needs much more intense 
investigation. It is regrettable that the effects of persis¬ 
tent stress on the brain has yet to be correlated with 
those on reproductive physiology and behaviour, though 
it is clear that such an approach might have great 
interest for those concerned with both animal and human 
reproduction. In particular, the newer techniques of 
mapping changes in brain activity resulting from stress 
(e.g. using the neuronal expression of immediate-early 
genes such as c-fos^^' and relating this to changes in 
reproductive capacity might be very fruitful. 
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Recent advances in molecular biology and medically 
assisted reproductive technologies have made it 
possible to diagnose genetic disorders prior to the 
establishment of a pregnancy. Preselecting the sex of 
the child can reduce the occurrence of X-Iinked dis¬ 
orders. The genetic material from the polar body of 
the oocyte can be analysed to determine whether the 
oocyte is genetically normal. Blastomeres from an 
embryo can be biopsied, the DNA amplified by the 
polymerase chain reaction and then analysed for the 
occurrence of specific genetic defects. Further pro¬ 
gress in molecular biology and medically assisted 
reproductive technologies may permit routine genetic 
screening of gametes and embryos from high risk 
individuals and the 21st century may see the elimina¬ 
tion of many genetic disorders. 


About 3% of children are born with birth defects^ Pre¬ 
natal diagnosis of genetic disorders can be achieved by 
karyotyping foetal cells recovered from the amniotic 
fluid or by sampling the chorionic villus. Both these 
methods are invaluable but they are not without risk to 
the developing foetus. Furthermore, if the foetus is 
genetically abnormal then the parents face a dilemma 
over the termination of the pregnancy. This state of 
affairs provided the impetus to develop a method of 
diagnosing genetic disorders before pregnancy is esta¬ 
blished. 

The advent of assisted reproductive technologies and 
methods of amplifying DNA, such as the polymerase 
chain reaction (PCR), have made it possible to analyse 
the genetic content of single cells including sperms, 
polar bodies and blastomeres. Handyside et air deter¬ 
mined the sex of embryos obtained by in vitro ferti¬ 
lization (IVF), transferred only ‘female’ embryos and 
thereby prevented the transmission of X-linked dis¬ 
orders. This marked the beginning of the clinical appli¬ 
cation of preimplantation diagnostic techniques. This 
article reviews the current status of this area of ‘new 
biology’. 

Genetic disorders 

Genetic disorders may either be due to chromosomal 
aberrations or due to the inheritance of abnormal genes. 


Chromosomal aberrations 

The most common chromosomal aberrations are the 
occurrence of chromosomes 21 (Down’s syndrome) or 
18 in triplicate and the presence of a 45X or 47 XXY 
karyotype which respectively lead to Turner’s and 
Klinefelters’ syndrome. In about 95% of children with 
Down’s syndrome, the trisomy of chromosome 21 is due 
to the presence of two chromosomes 21 in either the 
sperm or the oocyte. The chances of having a child with 
chromosomal aberrations increase with an increase in 
the maternal age^ 

Inheritance of abnormal genes 

A child could inherit mutated genes from either parent. 
The male child is at a very high risk of inheriting 
‘Fragile X’ syndrome, muscular dystrophy or haemo¬ 
philia as they result from the mutations of the X- 
chromosome. Cystic fibrosis, sickle cell anaemia, thalla- 
saemia and Tay Sach’s disease are a result of mutated 
recessive genes. Autosomal dominant defects lead to 
Huntington’s disease, polycystic kidney disease and 
malignant hyperthermia. 

The onset and progress of the disorder depends upon 
the type of genetic abnormality. While Down’s syn¬ 
drome and the other trisomies are recognized at the time 
of birth, Klinefelters’ syndrome is detected at puberty 
and Huntington’s disease manifests itself only in the 
third decade of life. Many conceptions with chromo¬ 
somal aberrations result in spontaneous abortions while 
those which continue to term result in children with a 
shorter life span. Gene transfer therapy is available for 
very few human genetic disorders and for most of the 
genetic disorders, therapy involves supportive treatment 
like repeated blood transfusions for anaemias, rehabi¬ 
litative therapy for muscular dystrophy and dietary 
modifications for inborn errors of metabolism. 

The origins of preimplantation diagnosis 

The concept of sexing embryos and transferring only 
female embryos to prevent X-linked recessive disorders 
was first developed by Gardner and Edwards'^. Trophe- 
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ctodermal cells from rabbit blastocysts were excised and 
analysed for the sex chromosome. Only female embryos 
were transferred and the sex was confirmed at term"^. 

It took two decades before this technique could be 
extrapolated to human embryos. With improvements in 
the IVF procedures, it is possible to produce and main¬ 
tain several embryos in culture for genetic analysis. The 
development of the PCR, which amplifies genes from a 
single cell, also aided the progress of preimplantation 
diagnosis techniques^. 

Sex pre-selection 

X-linked disorders can be prevented by inseminating 
women with enriched preparation of X-chromosome- 
bearing sperms. 

Enrichment of X-chromosome-bearing sperms 

The X-chromosome-bearing sperms have a larger head 
than the Y-chromosome-bearing sperms^ and therefore 
they also differ in their density. Percoll, Ficoll and 
albumin density gradients are used to separate the two 
types of sperms. An enriched preparation of ‘X’ sperms 
with 90% purity has been achieved on a Percoll 
gradient^. When semen is filtered through a Sephadex 
column, 95% of the sperms that elute are ‘X’ sperms and 
subsequent washing of the column leads to an enriched 
fraction of ‘Y’ sperms. Forty-eight pregnancies which 
resulted from insemination with the ‘X’ sperm enriched 
fraction led to the birth of female babies^. 

Enrichment of Y-chromosome-bearing sperms 

The most popular method of obtaining an enriched 
fraction of ‘Y’ sperms is to separate them on an albumin 
gradient^. Ericsson et aL have achieved an enriched fraction 
of ‘Y’ sperms with 70% purity. However, several groups 
have been unable to validate Ericsson’s claims^’ 

Flow cytometry for checking the efficacy of the 
enrichment techniques 

Flow cytometric techniques permit the accurate typing 
of X and Y sperms on the basis of their DNA content. 
The DNA probes are toxic to sperms and therefore 
clinical application of flow cytometry is not possible. 
Flow cytometry is currently being used to evaluate the 
efficacy of the enrichment techniques 

Genetic analysis of the oocyte 

Genetic analysis of oocytes from women who are 
carriers of genetic disorders and selection of oocytes 
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with a normal genotype for IVF can reduce the risk of 
X-linked and autosomal recessive diseases. Direct ana¬ 
lysis of the DNA content of oocytes is impractical as it 
destroys the oocyte. Therefore the genotype of the 
oocyte is inferred on the basis of the genetic content of 
the first polar body^^. 

Polar body analysis 

The genetic content of the polar body is analysed with 
the help of probes for the normal allele. If the polar 
body is homozygous for the defective gene, then the 
oocyte is considered to be normal. If the polar body is 
homozygous for the normal allele, then the oocyte 
definitely inherits the defective gene on completion of 
the second meiotic division. If the polar body is 
heterozygous, then the oocyte may inherit the abnormal 
allele at completion of the second meiotic division. The 
state of the oocyte genes is then determined by the 
analysis of the second polar body. 

Techniques of polar body analysis 

Polar body analysis has been successfully performed by 
Verlinsky and Strom in infertile women treated by IVF- 
ET13’ The oocytes are incubated in culture medium 
for three hours after which the polar body is aspirated 
with a fine bevelled Pasteur pipette. The polar body is 
lysed while the oocyte is fertilized in vitro. 

Genetic analysis 

The DNA of the polar body is amplified by the PCR and 
subsequently analysed with specific probes for the 
abnormal genes. For the PCR, the target DNA is mixed 
with a primer (specific for the region of the target DNA 
to be amplified) and Taq polymerase. The primer acts as 
template and the newly synthesized strands are separated 
by repeated heating and cooling. Each of these act as a 
template for the synthesis of more strands. There is 
therefore an exponential increase in the number of 
specific DNA fragments. The amplified fragments are 
separated by electrophoresis and stained with fluores¬ 
cent or radiolabelled specific probes for abnormal 
genes^^. 

Application of polar body analysis 

Oocytes free of polar body can fertilize and develop into 
morphologically normal embryos. About 50% of the 
polar bodies from patients at risk of cystic fibrosis, 
haemophilia and a antitrypsin deficiency show homo¬ 
zygous alleles^3 technique shows a lot of promise 
for the detection of X-linked and autosomal recessive 
abnormalities in oocytes from female carriers. 
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Preimplantation diagnosis of early embryos 

The blastomeres of early embryos are totipotent. If one 
of the blastomeres is removed, the rest of the embryo as 
well as the excised blastomere is capable of developing 
normally. Bovine embryos have been bisected and after 
transferring them to the uterus, they led to the birth of 
identical twins 

Embryo biopsy 

After IVF, the embryos are cultured for three days so 
that they develop to the 6-10 cell stage. A hole is drilled 
into the zona pellucida with a stream of acid Tyrodes 
medium and one of the blastomeres is aspirated out with 
the help of a fine Pasteur pipette 

Genetic analysis 

Embryos can be sexed with the use of radiolabelled, bio¬ 
tinylated or fluorescent Y chromosome-specific probes 
The limited amount of genetic material in single cells 
makes it difficult to detect the probes following in situ 
hybridization^^. These probes can be detected by ampli¬ 
fying the DNA by the PCR^^ 

PCR can be used to amplify defective DNA fragments 
for preimplantation diagnosis of disorders whose 
molecular basis has been identified. Embryos can be 
sexed by amplifying the Y chromosome specific regions 
for the X-linked disorders whose molecular basis is not 
known. Failure of amplification results in the misinter¬ 
pretation of a male embryo as a female embryo^*^. The 
use of Y specific repeated sequence can prevent such 
misinterpretations^^ 

Effects of biopsy/genetic analysis on 
embryonic development 

The developmental potential of biopsied human embryos 
has been studied with reference to their ability to form 
blastocysts leading to pregnancies following transfer. 
More than 70% of the biopsied embryos develop into 
blastocysts in contrast to the development of only 59% 
of unmanipulated embryos^^. Fifty-six per cent of the 
biopsied embryos even hatched from the zona pellucida. 
The reduction of the inner cell mass of the blastocyst 
causes a proportional decrease in the uptake of energy 
substrates"^. The transfer of biopsied embryo has resul¬ 
ted in the birth of normal female babies^ 

Preimplantation diagnosis of blastocysts 

Blastocysts are obtained either by culture of IVF 
oocytes or by uterine lavage. Very few human embryos 


develop to the blastocyst stage in vitrc?^ and therefore it 
is advisable to obtain blastocysts by uterine lavage for 
fertile couples needing preimplantation diagnosis. 

Biopsy of blastocysts 

Blastocysts can be biopsied by any of the following me¬ 
thods with each of the method having its own limita¬ 
tions: 1) Blastomeres can be aspirated from intact 
blastocysts but this can increase the susceptibility of the 
embryos to environmental toxins and mechanical 
damage^^. 2) The cells floating freely in the blastocoel 
have been aspirated^^. Sometimes cells may not be 
present in the blastocoel and if present may not be 
viable or may not represent the embryonic cells^^. 3) 
Bovine blastocysts have been bisected and one part used 
for genetic analysis and the other transferred^^. The 
small size of human blastocysts restricts their bisec- 
tion . 4) The cells remaining attached to the zona after 
hatching can be collected for analysis but like aspiration 
of ceils from the blastocoel, one may not always be able 
to retrieve ‘representative’ cells from within the zona^^. 
5) Trophectoderm is biopsied by slitting the zona. A few 
cells which herniate from the zona are used for 
analysis^^ Trophectoderm biopsied embryos do hatch in 
vitro but such embryos have not yet been replaced in 
women. 

Advantages of the different preconception and 
preimplantation diagnostic techniques 

Enrichment ofX- or Y-chromosome-bearing 
spermatozoa 

The techniques of gender preselection, if efficient, are 
definitely superior to the other invasive methods of pre¬ 
implantation diagnosis especially for preventing X-linked 
disorders. However, none of the methods available for 
enriching X- or Y-chromosome-bearing spermatozoa 
give consistent results. 

Polar body analysis 

Removal of the polar body is not hazardous to the 
developing embryo as the polar body serves no function. 
The results of the analysis can be obtained by the time 
of embryo transfer. However, genetic defects of paternal 
origin will not be detected. 

Early embryo biopsy 

There is no risk of abnormal embryonic development 
following biopsy as blastomeres from early embryos are 
totipotent. As only one or two cells are available for 
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Table 1. Comparison of preimplantation diagnosis methods 
Polar body analysis Blastomere analysis 


First polar body from an 
oocyte analysed 
Detects abnormalities of 
maternal genome only 

Indirect evaluation of 
maternal genome 
Can detect genetic 
disorders only if the 
specific probes are available 

Only one cell available 
for analysis 


Blastomeres from early embryos 

or blastocyst analysed 

Detects chromosomal aberrations 

and genetic defects of paternal 

and maternal origin 

Direct evaluation of embryonic 

genome 

Even in the absence of specific 
probes, X-linked defects can be 
prevented by sexing and transferring 
only female embryos 
More than one blastomere from 
blastocysts can be analysed 


analysis, a failure of DNA amplification can lead to mis¬ 
interpretations^^. For example, the inability of Y-speci- 
fic regions to amplify can lead to the interpretation of a 
male embryo as a female one. Secondly, there is a high 
incidence of anucleate cells in early human embryos 
and therefore more than one blastomere has to be ana¬ 
lysed^ ^ 

Biopsy of blastocysts 

Although it is possible to obtain more cells for analysis 
from blastocysts than from early embryos it is not 
always possible to culture embryos up to the blastocyst 
stage^"^. A comparison of polar body and blastomere 
analysis is presented in Table 1. 

The future of preimplantation diagnosis 

The successful application of preimplantation diagnosis 
as a routine clinical feature necessitates advances in 
both assisted reproduction and molecular biology. 

Many improvements are needed in the in vitro culture 
techniques so that more embryos can be cultured up to 
the blastocyst stage. Some of the genetic analyses are 
time-consuming and it therefore becomes necessary to 
freeze the embryos till the results of the genetic analysis 
are available. Although several frozen-thawed embryos 
have led to live births, not all human embryos survive 
freezing and thawing. Therefore there could be a situa¬ 
tion where the embryo which is diagnosed to be geneti¬ 
cally normal fails to survive freezing and thawing 
procedures. The success rate of IVF-ET in terms of take 
home baby rates remains between 15 and 20%. The 
couples seeking preimplantation diagnosis may noc be 
infertile and therefore the success rates of IVF in these 
couples may be better than in infertile couples. How¬ 
ever, a large number of infertile couples seeking IVF-ET 
are in the older age group and have greater susceptibility 
to chromosomal aberrations and therefore preimplanta¬ 
tion diagnosis with a successful embryo transfer should 


also be available to them. Thus, these problems of IVF- 
ET need to be tackled to improve the efficacy of preim¬ 
plantation diagnosis. 

The genomic location of several of the 300 recessive 
X-chromosome-linked disorders has not been identified 
and therefore no specific probes are available. X-linked 
disorders in high risk couples can be prevented by 
selective transfer of female embryos. In the absence of 
specific probes even genetically normal male embryos 
get discarded. Causes for the failure of DNA ampli¬ 
fication should be identified to prevent misdiagnosing 
male embryos as female when Y specific probes are 
being used. Once the entire human genome has been 
mapped, genomic abnormalities associated with dif¬ 
ferent inherited disorders need to be identified and 
specific probes for their detection developed to improve 
the efficacy of preimplantation diagnosis techniques. 
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Reproductive health, population dynamics and 
contraception 

T. C. Anand Kumar 


Reproductive Health Clinic and Research Center, I, Sundara Mudaliar Street, Ulsoor, Bangalore 560 008, India 


The most widely known factors affecting human health 
are those associated with our feeding habits and the 
environment in which we live. Reproductive health, 
particularly those of the mother and her infant, is affec¬ 
ted by our procreative patterns and habits. Frequent 
child bearing is a health hazard to both the mother as 
well as to the new born infant. Avert reactions to 
unwanted pregnancies can lead to abortions which can 
cause maternal death especially if they are performed 
clandestinely by unqualified persons as happens in 
countries where abortion is illegal. 

Our reproductive habits can no longer be considered a 
matter of mere personal concern; frequent child bearing 
contributes adversely to population growth rates - a 
problem which affects all of us inhabiting this planet 
whose finite natural resources will not be able to meet 
the demands of an exponentially growing population. 

This article examines some of the issues related to re¬ 
productive health, population growth and contraception. 

Maternal and infant mortality rates in different 
parts of the world 

Maternal mortality ratios and maternal mortality rates 
are the two indices commonly used to determine the 
health status of women. Maternal mortality ratios are 
calculated as the number of maternal deaths divided by 
the number of live births during a defined time span - 
usually a year. Maternal mortality ratios are a direct 
indicator of the dangers associated with pregnancy. A 
recent report by the World Health Organization^ 
indicates that at least half a million women die each year 
due to causes related to pregnancy or childbirth. In 
developed countries this ratio is between 10 and 30 per 
100,000 live births. In the USA it is as low as 14 per 
100,000 live births”. In developing countries the ratio 


ranges from 100 to 1000 per 100,000 live births and the 
mean is about 450/100,000. The highest is in Africa 
where it is about 640/100,000. 

Maternal mortality rate, on the other hand, is the 
number of deaths in a year per 100,000 women in the 
reproductive age group of 15-44 years. Maternal morta¬ 
lity rates are not only related to the hazards of preg¬ 
nancy in women in this age group but also to their 
fertility. The number of pregnancies and deliveries 
determines a woman’s lifetime risk of 1 in 21, 1 in 54 
and 1 in 73 in Africa, Asia and Latin America, respec¬ 
tively, and low^est risk of 1 in 5 to 10,000 in North 
America and Northern Europe^. 

Contraceptive usage improves maternal health 

A case study of Matlab, Bangladesh"^, a developing 
country, showed that in 1976, when Family Planning 
programme was first introduced, maternal mortality 
rates were about 90/100,000 women and maternal mor¬ 
tality ratios were about 500/100,000 live births. Ten 
years later, at the end of 1985, maternal mortality rates 
dropped to about 60/100,000 women. In contrast, 
maternal mortality rates increased in a comparison area. 
The observed reduction in maternal deaths in Matlab 
resulted from a 25% reduction in fertility. 

Thus, there is compelling evidence from these and 
other studies^ that maternal mortality ratios are influ¬ 
enced by family planning only when it reduces pregnan¬ 
cies in women at high obstetric risk and when there is a 
shift in pregnancies occurring in women at high obs¬ 
tetric risk (older women with high parity) to younger, 
low-risk women. Family planning reduces maternal 
mortality rates through the reduction of unwanted 
pregnancies. 
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Illegal abortions are hazardous to maternal 
health 

Unwanted pregnancies lead to induced abortions. In 
a study of 60 developing countries Rochat et aL^ 
showed that about 207 abortions occurred per 1000 live 
births and an estimated 70,000 to 100,000 maternal 
deaths occurred from abortion-related complications. 
22% of all maternal deaths were due to illegal abortions 
in Benin city, Nigeria^. Maternal mortality ratio was 
estimated at 560/100,000 live births and abortions 
accounted for over 50% of maternal deaths in Addis 
Ababa^. 

Maternal deaths due to abortion-related complications 
are high in countries such as those in Latin America, 
where abortion is illegal. Studies carried out in Latin 
American countries indicate that between 15 and 33% of 
women undergoing abortion experience complications 
requiring hospitalization^. In Peru there were 660,000 
births and 58,000 abortion-associated hospitalizations in 
1981. In Brazil there were about 4,000,000 births in 
1985 and at least 400,000 abortion-associated hospita¬ 
lizations. In the same year 900,000 births and 71,000 
abortion-associated hospitalizations occurred in Colum¬ 
bia. Contraceptive availability and use can significantly 
reduce these high levels of morbidity and mortality by 
decreasing the number of unwanted pregnancies. 

Unsafe abortions result mostly from illegal abortion 
attempts and it is estimated that they are responsible for 
as many as 50% of maternal deaths in Latin America. 

Legislation against abortions increases maternal mor¬ 
tality as indicated by the Romanian experience where 
abortions were restricted in 1966 and in that year alone 
abortions accounted for 35% of maternal mortality. 
In subsequent years, when illegal abortion channels 
opened, abortions accounted for 63% of maternal morta¬ 
lity in 1970 (ref. 10). 

Legalizing abortions increases the absolute safety of 
the abortion procedure and results in a lowering of 
maternal mortality because legal abortions enable the 
performing of abortions earlier in gestation. Moreover, 
the availability of medical skills in a legitimate set-up 
ensures the safety of the procedure. A recent study by 
the Council on Scientific Affairs, American Medical 
Association^^ showed that in the USA between 1973 to 
1985 there was a five-fold decrease in maternal 
mortality because the illegal legitimacy of abortions 
permitted the gradual improvement in the surgical skills 
required to carry out a medical termination of preg¬ 
nancy. 


Infant and child mortality 

In spite of significant improvements in infant and child 
survival in the last decades, of the 50 million people 
who die each year, 15 million are children under five 


years of age. Current infant mortality rate figures in 
developed and developing regions are 16 and 88 per 
1000 births, respectively. 

Hobcroft’s^^ analysis of the World Fertility Survey 
and Demographic Health Survey which was carried out 
under the aegis of the UNFPA and USAID, has shown 
that first births in teenaged mothers are associated with 
a 40% increase in child mortality as compared with first 
births in women aged between 20 and 35 years. Besides 
legislating against teenage marriage, which has proven 
to be ineffective in India, it may be necessary to make 
contraceptives freely available to teen-agers, as also to 
prevent such excessive child mortality especially in 
those societies where extra-marital intercourse is practi¬ 
sed freely by teen-agers. 

The WFS and DHS data were also analysed to 
determine the impact of birth interval on child mortality. 
Compared with births occurring at least 24 months after 
the preceding birth, those that occur within 17 months 
experience a doubling in child mortality. 

The data from these sources clearly substantiate the 
view that the incidence of teen-age pregnancy related 
child deaths as well as those due to poor spacing 
dropped markedly in 25 countries over a ten-year period 
when family planning methods were increasingly used. 


Population growth rates in different parts of the 
world 

The human population grew at an extremely low rate 
throughout the first two billion years but, suddenly since 
the beginning of the nineteenth century, it reached one 
billion people. 

As shown in Figure 1, it took 127 years to add the 
second billion but only 10 years to add the sixth at the 
close of the twentieth century. At the current rate of 
population growth more than a billion people will be 
added between now and the year 2010. The rate of 
population growth will be highest in Sub-Saharan Africa 
(91%), followed by North Africa and West Asia (60%) 
and Latin America (40%). Developed countries will grow 
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much slowly with Europe increasing less than 5%. The 
largest increase in absolute numbers will occur in India, 
China and Nigeria totalling nearly 500 million people. 

^ Contraceptive usage 

The use of certain types of contraceptives is not suited 
to some categories of women. For example, women 
above 35 years of age and who are habitual smokers are 
at a greater risk to cardiovascular disorders, stroke, 
thrombosis and embolism if they use some of the older 
generation of high-dose, steroidal oral contraceptives; 
such women should use an alternate method of contra¬ 
ception. Nevertheless, the use of oral contraceptives can 
also confer reproductive-health benefits such as lower¬ 
ing the risks of reproductive cancer (i.e., those of the 
cervix, endometrium, ovary and breast) 

The availability of a wide range of contraceptives to 
suit individual needs, a widening in the number of 
contraceptive users, concern and appropriate legislative 
steps by governments to reduce risk-factors affecting 
reproductive health are the most obvious steps that need 
to be taken urgently to stem the threats to personal 


reproductive health and to our planet by unbridled 
growth rates of our population. 
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Antiprogestins: Useful investigative tools and novel 
contraceptives 


Chander P. Puri 
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The development of antiprogestational drugs such as, 
RU 486, ZK 98.299, ZK 98.734 and HRP 2000, is one 
of the most significant contributions to science in 
recent years. These drugs were originally synthesized 
I to intercept progesterone action at the molecular 
level of receptor binding. They have found use as a 
tool to understand mechanisms regulating pro¬ 
gesterone action. Antiprogestins also have direct 
effect on the endometrium as well as on the 
hypothalamo-hypophyseal axis and therefore have a 
potential use for intercepting a wide range of 
progesterone-dependent reproductive processes. This 
potential is being explored to develop new methods 
of birth control. Treatment with antiprogestins dur¬ 
ing the follicular phase of the menstrual cycle 
impairs gonadotropin release in primates, as a conse¬ 
quence of which folliculogenesis is either retarded or 
arrested and ovulation is blocked. When admini¬ 
stered in the luteal phase, the secretory activity of 
the endometrium is inhibited and the corpus luteum 


regresses. Interestingly, the effects of antiprogestins 
on the gonadotrophs and the endometrium are dose- 
related, the endometrium being more sensitive than 
the gonadotrophs. The doses at which ovulation is 
blocked also retard endometrial development. How¬ 
ever, at lower doses endometrial development is 
impaired but ovulation is not blocked. Treatment of 
bonnet monkeys with 2.5 mg or 5 mg ZK 98.299 
administered every third day for four to six conse¬ 
cutive cycles does not block ovulation but the endo¬ 
metrial glands were regressed, atrophied and 
rendered non-secretory. Since conception did not 
occur in 39 out of the treated and mated cycles it 
would appear that the desynchronization of the endo¬ 
metrium by antiprogestins treatment is incompatible 
with the establishment of pregnancy. These results 
clearly suggest that the antiprogestins can be developed 
as contraceptives by inhibition of ovulation or by 
rendering the endometrium out of phase with respect to 
embryonic implantation. 
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Estrogen and progesterone are the two main sex hormones 
which act synergistically to regulate the growth and 
differentiation of the female reproductive tract and breast. 
Estrogen stimulates cell proliferation while progesterone 
modulates the functional differentiation of the cells formed 
as a result of estrogen stimulation. In the non-fertile 
menstrual cycle, progesterone is secreted by the granulosa 
cells of the corpus luteum and as much as 40 to 50 mg of 
the steroid is secreted daily during the mid luteal phased 
During early pregnancy, both the corpus luteum and the 
syncytiotrophoblast cells of the placenta contribute to 
circulating levels of progesterone; however, the placenta 
takes over the production of progesterone after six weeks of 
gestation and it produces as much as 250 mg of the steroid 
daily^. 

The major physiological role of progesterone is to 
prepare the uterus for implantation of the fertilized ovum 
and thereafter provide nutrients for its development. These 
progestogenic effects are regulated through the secretion of 
specific proteins by the endometrial glands such as those 
belonging to the family of lactoglobulins and integrins^. 
Progesterone regulates the expression of endometrial 
cytokines and growth factors which, in turn, have a facili- 
tatory role in ovum implantation and development of 
embryo in primates'^. The steroid promotes proliferation of 
the endometrial stromal tissue and thus facilitates embryo¬ 
nic implantation. 

The steroid also has a direct role in the intra-ovarian 
regulation of folliculogenesis and ovulation in primates. 
Progesterone receptors have been localized in the stromal, 
thecal and granulosa cells of primate ovaries^. The steroid 
is known to facilitate transport of the fertilized ovum 
through the oviduct. 

Progesterone also participates in the neuroendocrine 
triggering of the mid-cycle LH surge and thus induces 
ovulation^. 

Progesterone acts synergistically with estrogen in the 
normal development of breast^ and it causes the glandular 
tissue of the mammary gland to grow and differentiate into 
secretory tissue to facilitate milk production. 

Progesterone also has several antifertility effects which 
depend on the dose and the stage of the menstrual cycle 
during which the steroid is administered. It inhibits ovula¬ 
tion when administered during the follicular phase - 
an effect primarily mediated by inhibiting the release of 
gonadotropins^. The hormone causes a thickening of the 
uterine cervical mucus and thus impairs trans-cervical 
sperm movement. It decreases the motility and secretory 
activity of the fallopian tubes and uterus^. 

In view of the fact that progesterone is necessary for 
the ductal transport of the embryo, its uterine implan¬ 
tation and maintenance of pregnancy, a number of 
approaches have been developed to either block the 
bioavailability of progesterone or its action and thus 
prevent conception or terminate pregnancy. Immuno- 
neutralization of circulating progesterone by adminis¬ 
tering monoclonal progesterone antibodies prevents 
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pregnancy in laboratory animals^^. However, this immu¬ 
nological approach does not seem to be of practical use 
in women. The search has therefore shifted to develop 
compounds which would either inhibit progesterone 
biosynthesis or block its action at the target site. The 
availability of such compounds would have many 
applications to regulate fertility and also provide ^ 
important tools for understanding the intricate physio¬ 
logical mechanisms controlling the action of proge¬ 
sterone. 

This paper reviews some of the strategies developed ‘ 
to inhibit the action of progesterone through the use of 
antiprogestins, and their use for fertility regulation as 
well as to understand the mechanism of the biological 
action of progesterone. 

Inhibition of progesterone biosynthesis 

Suppression of progesterone biosynthesis by specific 
enzyme inhibitors is a possible method for birth control . 

The steroid is synthesized in the ovary, adrenal and the 
placenta by the conversion of its precursor, pregneno¬ 
lone, by the enzyme Sp-hydroxysteroid dehydrogenase 
(3p-HSD). Azastane, Trilostane and Epostane inhibit 
3p-HSD activity and consequently progesterone biosyn¬ 
thesis is blocked. These enzymic inhibitors lack tissue- 
specificity and therefore progesterone biosynthesis is 
blocked indiscriminately in all the steroid-producing 
tissues. Since progesterone is an intermediate for corti¬ 
sol production in the adrenal glands, the inhibition of 
progesterone biosynthesis impairs corticosteroid bio¬ 
synthesis and thus adversely affect physiological homeo¬ 
stasis. However, these three enzymic inhibitors do not 
have similar potency. Azastane and Epostane preferen- 
tially inhibit biosynthesis of progesterone in the ovary 
and placenta rather than in the adrenal^^’^^. Epostane is 
more potent than Azastane and it has been evaluated for 
its ability to block ovulation and also to terminate 
pregnancy. Treatment with Epostane during the early 
follicular phase inhibits folliculogenesis, and treatment 
during the luteal phase induces premature menstruation n 
in women Epostane terminates pregnancy in mon¬ 
keys^"* and women^^. However, the compound has to be 
administered in unacceptably high doses for several 
days to elicit this interception. A dose of 800 mg for 
seven consecutive days induced abortion in 84% women 
who were amenorrhic for less than 49 days. The aborti- 
facient efficacy of Epostane appears to be similar to that 
observed with the antiprogestin, RU 486 (Mifepristone) 
when administered alone^^. However, the limited clinical 
experience with Epostane indicates that the incidence f 
of subjective side effects is higher compared with RU 
486. 

The incidence of complete abortion is increased • 
significantly by complementing Epostane treatment with 
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a prostaglandin (PG) analogue in a sequential manner^^. 
The effect is similar to that of RU 486 when used in 
combination with a PG analogue^^. However, the inhi¬ 
bitory effects of Epostane on adrenal corticosteroid bio¬ 
synthesis limit its use for chronic administration. Efforts 
need to be made to develop more potent SP-HSD inhi¬ 
bitors, which are also tissue-specific. The sequential 
treatment with an enzymic inhibitor and a receptor 
blocker, such as RU 486, also needs to be evaluated as 
preliminary studies in the guinea pig indicate a synergi¬ 
stic effect on uterine myometrial contractility^^. 

Progesterone receptor blockers 

Progesterone action 

Progesterone effects occur in cells containing pro¬ 
gesterone receptors (PRs). PRs are present in the ovary, 
uterus, fallopian tube, pituitary, hypothalamus, endothe¬ 
lial cells of decidual blood vessels and mammary 
glands PRs in the chicken oviduct and human breast 
cancer cells exist as two distinct subtypes, PR-A and 
PR-B, which are respectively 94 and 120 kD. This has 
been shown to be true for the untransformed cytosolic 
PRs as well as the nuclear bound PRs. In this respect, 
PRs are different from receptors for estrogen, androgen 
and glucocorticoid, which are a single class of binding 
proteins. 

Human PR-A and PR-B isoforms are identical except 
that PR-B contains an additional 164 amino acids at the 
N-terminal. Both the isoforms have similar binding 
affinities and are important for eliciting biological 
responses. The synthesis of the two homologous PR-A 
and PR-B could possibly be due to gene duplication, 
alternate transcription from a single gene, synthesis of 
multiple messages by processing of a single precursor 
RNA, or use of alternate translation ‘Start’ sites from a 
single message"^ 

PRs comprise of a ligand-binding domain (LBD) of 
about 250 amino acids, a DNA-binding domain and two 
zinc fingers. The LBD resides in the carboxyl terminal 
end of PRs whereas the DNA-binding domain is located 
more or less in the centre of the molecule. One of the 
two zinc fingers is important for interaction with DNA 
and the other is involved in the dimerization of the 
receptor molecules. Although the amino terminal region 
of PRs is not required for either ligand binding or DNA 
binding, it is essential for transcriptional activation. In 
addition to A- and B-proteins, PRs contain at least two 
nonsteroid-binding proteins of 90 kD and 70 kD, both 
of which are termed as heat-shock proteins (HSPs). In 
the absence of the ligand, HSPs are bound to the recep¬ 
tor and keep the untransformed receptor in an inactive 
form. 

Following the entry of the ligand into the cell, it binds 
to the LBD of the PRs. The conformational change 
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induced in the receptor provokes dissociation of PR- 
HSP complex and thereby imparts to the transformed 
receptor the ability to interact with the progesterone 
responsive elements (PREs), with high affinity. The 
ligand binding also promotes additional phosphorylation 
and receptor dimerization. The binding of the receptor 
complex to PRE leads to transcription of mRNA and 
gene expression. 

This brief summary of the mechanism by which 
progesterone interacts with its receptors in the target 
organ to induce gene expression is a rather simplistic 
view. Many questions still remain unanswered. For 
example, why are there two isoforms of PRs when a 
single receptor seems adequate for the other steroid 
hormones? What is the origin and functional role of 
these two PRs proteins? What is the physiological role 
of HSPs? It has been shown that under in vitro 
conditions, steroid binding to the receptor dissociates 
HSP to expose the DNA-binding sites. Does this also 
happen in vivo? Not much is known about the mecha¬ 
nism of transcription activation of the steroid receptors. 
Membrane-bound PRs have been demonstrated in 
several tissues^^’^^, the functions of which are still not 
known. Antiprogestational compounds such as RU 486 
or ZK 98.299 which have high affinity for the classical 
PRs, do not compete for binding with the membrane 
receptors. Do these membrane-bound receptors interact 
with the classical nuclear receptors and affect gene 
expression? The availability of specific molecules which 
block the action of progesterone at the receptor level 
would provide an excellent tool to understand the 
various steps involved in progesterone action. 

Synthesis of progesterone receptor blockers 

It has been conceptualized that the blockade of PRs by 
other compounds would prevent the binding of pro¬ 
gesterone to target tissue; such an approach would thus 
prevent the biological effects of progesterone. A number 
of receptor-blocking compounds have been synthesized 
and screened for their antiprogestational activities by 
various pharmaceutical companies on the basis of this 
concept. 

Substitution of estrogen-like molecules with an extra 
cycle (dimethylaminoethoxyphenyl) at the C-llp posi¬ 
tion transformed the estrogen into an antiestrogen with 
higher binding affinity for estrogen receptors^'^. It was 
speculated that the PR may also have an extra pocket to 
accommodate bulky substituents at the C-ll position of 
the progesterone molecule, with a possible consequence 
that the conformation of the corresponding receptor 
complexes would differ from that of the agonist- 
receptor complexes and be biologically inactive. This 
hypothesis was substantiated by scientists at Roussel 
Uclaf (Paris), who successfully synthesized RU 486 
through the use of the 1 Ip-epoxidation pathway“^. RU 
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Figure 1. Chemical structure of RU 486 (lip-[p-(dimethylamino)phenyl]-17P-hydroxy-17- 
(l-propynyl)estra-4,9-dien-3-one), K 98.299 (1 lP-[p-(dimethylamino)phenyl]-17a-hydroxy- 
i7~(3-hydroxyp^opyl)-13a-est^a-4,9-dien-3-one), ZK 98.734 (llp-[p-(dimethylamino) phenyl]- 
17p-hydroxy-17-[(Z)-3--hydroxy-propenyl)-estra-4,9-dien-3-one) and HRP 2000 (17a-acetoxy-liP- 
(4,A^,A^-dimethylamino-phenyl)-19-norpregna-4,9-dione-3,20-dione). 


486, a 19-norsteroid with j9-dimethylaminophenyl group 
at the llp-position and 1-propynyl chain at C-17 posi¬ 
tion, binds both to progesterone and glucocorticoid 
receptors with high affinity. Excitement in this area was 
further aroused with the findings that RU 486 binding to 
the receptors results in antagonistic instead of agonistic 
responses 

After this initial discovery, a large variety of com¬ 
pounds with lip-aryl substitution have been synthesized 
of which ZK 98,734, ZK 98.299 and HRP 2000 are 
under closer investigation (Figure 1). ZK 98.734 and ZK 
98.299 have been developed by Sobering AG, Berlin^^, 
whereas HRP 2000 has been developed by Research 
Triangle Institute, USA“^ and is being evaluated for its 
antifertility effects under the aegis of the Human 
Reproduction Programme of the World Health Organi¬ 
zation. 

ZK 98.734 represents a minor variation of the lead 
compound RU 486 and has a Z-configurated I7a- 
(3-hydroxy-l-propenyl)-group instead of a 17a-(l-pro- 
pynyl)-side chain. Although ZK 98.299 appears to be 
similar to the other two compounds on a two-dimen¬ 
sional picture, it has a distinctly different molecular 
shape due to the configurational inversion at positions 
C-13 and C-17 relative to natural steroids. HRP 2000 
is a 17a-acetoxy derivative with a 17P-progesterone 
side chain and a lip RU 486-like substituent. It is also 
an antiprogestin and an antiglucocorticoid. These drugs 
form ‘lock and key’ fits with the PRs. They are unique 
in the sense that while they bind to the receptor they 
do not trigger agonistic hormone actions. Administration 
of these drugs results in potent antiprogestational 
effects. 


Mechanism of action 


The precise mechanism by which antiprogestins block 
progesterone action at the receptor level is not known. It 
is also not known whether they bind only to the PRs 
and/or they have their own distinct binding sites. 
Progesterone antagonists enter the cell freely and they 
compete with progesterone for binding ’ . The 
binding of an antiprogestin to the receptor may block 
any of the steps involved in progesterone action. It may 
alter or block the conformational changes associated 
with the binding, block dissociation of HSP from the 


receptor, alter or block dimerization of the receptor, 
alter or block DNA binding or alter interaction with 
other factors to produce transcriptionally active 
receptors^^ Recent studies have shown that RU 486 
does not block the dissociation of HSP from the 
receptor, it permits receptor dimerization and DNA 
binding^“. However, it appears that the conformation of 
the dimers and of the DNA complexes are different from 
those produced following the binding with an agonist 
It is possible that the action of the antisteroid is at the 
level of transconformation of the receptor, involving 
change in the chromatin and activation of the transcri¬ 
ption factor. On the other hand, the mechanism of action 
of ZK 98.299 could be different from that of RU 486. 
Studies have shown that ZK 98.299 does not bind to 
DNA, and it does not induce conformational changes in 
the DNA required for receptor binding^"^. Our studies 
have shown that ZK 98.299 binds to PR in the human 
myometrial cytosolic and nuclear fractions^^. However, 
when compared with the binding of progesterone to PRs 
in the nucleus, the extent of binding of ZK 98.299 to the 
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PR was relatively low. Conversely, the DNA-cellulose 
binding of progesterone-bound PRs was also greater 
than that of ZK 98.299-receptor complexes. We there¬ 
fore believe that the differences in the extent of nuclear 
accumulation of the agonist or antagonist-receptor 
complexes and to bind to DNA-cellulose may account 
for different responses. However, it is also possible that 
different antagonists may act at different steps in 
receptor function and a single antagonist may affect 
more than one stage of receptor activation. Since these 
progesterone antagonists can intercept progesterone 
action they may be used as a tool to understand the 
various steps involved in progesterone action. This 
information can be of further value to develop more 
potent agonists and antagonists. 

Antifertility effects 

The synthetic hormone antagonists referred above have 
proven to be potentially good antifertility agents. Anti- 
progestins can be used as menstrual inducers, to termi¬ 
nate early pregnancy, as an emergency method of post- 


coital contraception and also as a regular contra¬ 
ceptive either as a daily or once-a-week pill^^ (Figure 2). 

It is now well accepted that treatment with a single 
oral dose of RU 486 (200 mg) in conjunction with a 
uterotonic PG analogue, Gemeprost (May and Baker, 
UK), Sulprostone (Sobering AG, Berlin), or 9-methy- 
lene-PGE 2 vaginal gel results in complete expul¬ 
sion of the conceptus in almost 95% women with an 
amenorrhea of up to 63 days^^^^. However, in a few 
cases myocardial infarction occurred when Sulprostone 
was used in conjunction with RU 486 for termination of 
early pregnancy. In view of this finding, intramuscular 
preparation of sulprostone has been removed from the 
market and is not recommended for use in combination 
with RU 486. Recent studies suggest that these PG 
analogues can possibly be replaced with an orally active, 
inexpensive and more stable PG, Misoprostol (Searle 
Pharmaceuticals), without compromising the aborti- 
facient efficacy^^. 

The abortifacient efficacy of ZK 98.734 has been 
evaluated in a limited clinical trial conducted under the 
aegis of the World Health Organization. The dose- 
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Figure 2. Potential uses of antiprogestins in fertility regulation. Double-arrowed horizontal lines indicate the 
treatment ‘window’ during the cycle and pregnancy. Vertical black bars above the lines represent antiprogestogen 
treatment, whereas the smaller black bars above the lines represent complementary prostaglandin administration. In 
ovulation inhibition the antiprogestogen (horizontal black bars) would be used sequentially with a progestogen 
(horizontal shaded bar), while in ‘mini-pill’ use, the antiprogestogen would be given continuously (from Van Look 
and von Hertzen'^, with permission from Clinical Applications of Mifepristone (RU 486) and Related Antiprogestins. 
Copyright 1993 by the National Academy of Sciences. Courtesy of the National Academy Press, Washington DC. 
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finding study conducted on 95 women with an amenorrhea 
of less than 49 days showed that the overall abortifa- 
cient efficacy with the different dosages, 12.5 mg, 
25 mg, 50 mg and 100 mg administered twice daily for 
four consecutive days, was 68% (ref 40), which is quite 
comparable to that observed with RU 486 using similar 
protocols. The abortifacient efficacy of ZK 98.299 and 
HRP 2000 has been evaluated in monkeys. Administra¬ 
tion of 25 mg of ZK 98.299 for three consecutive days 
terminated early pregnancy in about 65% of the ani- 
mals'^^ and this efficacy is less than that observed for 
ZK 98.734. 

HRP 2000 has been evaluated in the guinea pig and in 
the lion-tailed macaque (Macaca fascicular is). In the 
guinea pig, 30 mg HRP 2000 administered s.c. on days 
43 and 44 of gestation terminated pregnancy in about 
75% animals. The abortifacient efficacy at this dose 
level was similar to that observed with RU 486 and ZK 
98.734. However, at lower doses HRP 2000 is less 
effective compared to the other antiprogestins"^^. The 
abortifacient efficacy of HRP 2000 was more by the i.m. 
route in monkeys compared to oral administration. The 
abortifacient efficacy of HRP 2000 following i.m, 
administration is comparable to that of RU 486 (ref 43). 
These preliminary results suggest that ZK 98.734 and 
HRP 2000 are potent abortifacients, which merit further 
evaluation. However, as in the case with RU 486, these 
antigestagens may also need to be supplemented with 
PG analogues. 

Besides having a direct effect on the endometrium or 
the decidua, antiprogestins also impair gonadotropin 
release. Since FSH and LH are required for normal 
follicular development and LH is required for normal 
progesterone secretion during the luteal phase, anti¬ 
progestins can affect folliculogenesis, corpus luteum 
function and endometrial development. They thus have 
several potential applications in fertility control as 
summarized below. 

Effect on folliculogenesis 

Folliculogenesis is primarily influenced by the gonado¬ 
tropins, FSH and LH. Progesterone also affects folli¬ 
cular growth. These effects could either be direct on the 
ovary or mediated through the release of gonadotropins. 
The presence of PR in the stromal, thecal and granulosa 
cells very early in the follicular development^, the high 
concentrations of intrafollicular progesterone'*'^, the 
additive effects of progesterone on the hCG-stimulated 
growth of small antral foliicles^^, the additive effects of 
progesterone on gonadotropin-stimulated secretion of 
progesterone'^^ and the presence of PRs in the hypo¬ 
thalamus of the monkeys'^^ are suggestive of a role for 
progesterone in folliculogenesis. The observations that 
the levels of progesterone start to increase about 12 h 
before the LH surge'*^, and treatment with progesterone 
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in the late follicular phase advances the timing of 
gonadotropin surge'^^ indicate that progesterone faciii^ 
tates ovulation. On the other hand, treatment with proge¬ 
sterone on day six of the menstrual cycle terminates 
folliculogenesis in the rhesus monkeys^. These inhi¬ 
bitory effects of progesterone are due to the blockade 
of gonadotropin release. Progesterone, therefore, has 
both facilitatory and inhibitory effects on the folli¬ 
cular development, which seem to depend on the 
preexisting hormonal environment. Treatment with anti¬ 
progestins at various stages of follicular develop¬ 
ment would thus not only provide an insight on the role 
of progesterone in follicular development but would also 
provide information as to whether these drugs can be 
used to block folliculogenesis and consequently ovula¬ 
tion. 

Treatment with antiprogestins either in the early or 
mid-follicular phase invariably interrupts follicular 
development^^^^. The preovulatory rise in serum levels 
of estradiol and LH is either attenuated or complete!} 
blocked. However, these effects are dependent on the 
dose and the frequency of administration of the anti¬ 
progestin. Treatment of bonnet monkeys with ZK 98.299 
(20 mg/daily, s.c.) either from days 5 to 8 or days 5 to 
15 significantly increases the length of the menstrual 
cycle due to the prolongation of the follicular phase ’"L 
The expected rise in the pre-ovulatory levels of estradiol 
and bioactive LH is either completely blocked or 
suppressed during treatment. Blood concentrations of 
gonadotropins increase after cessation of treatment and 
the. animals ovulate normally, as indicated by proge¬ 
sterone levels during the luteal phase. 

When the frequency of treatment with ZK 98.299 was 
reduced to once-a-week, none of the three doses (5, 10 
or 20 mg) used had any effect on folliculogenesis or 
ovulation^'^. The menstrual cycle length was of normal 
duration, but vaginal bleeding was considerably 
reduced. Luteal function was normal at the 5 and 10 mg 
dose but at the 20 mg dose luteal insufficiency was 
evident. Although ZK 98.299 at these dose-regimen had 
no effect on folliculogenesis or ovulation it delayed 
endometrial development. 

The effects of ZK 98.299 on folliculogenesis are 
similar to those reported with RU 486 (Table 1). 
Treatment for a period of a few days during the mid- to 
late-follicular phase arrests folliculogenesis and delays 
ovulation in monkeys^^’^^, and in women^^’^^. However, 
if the treatment is initiated very early in the cycle RU 
486 has no effect on folliculogenesis or ovulation - 
Similar effects are observed^^’^® in women treated 
throughout the menstrual cycle with RU 486 at an oral, 
daily dose of 1, 2 or 5 mg. However, with the low doses 
the effects on follicular development are attenuated as 
reflected by the normal increase in the urinary excretion 
of estrone glucuronide during treatment^^. In spite of 
normal estrogen levels, RU 486 at such low doses 
blocked the positive feed-back effect of estrogen on the 
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Table L Effects of RU 486 administered during the follicular phase on ovulation and follicular phase length of 

women 


Dose 

Day of treatment 

Ovulation 

Follicular phase length 

Reference 

3 mg/kg body wt/day {n = 5) 

Day 1-3 of m.c.* 

OV+ 

Not affected 

58 

50 mg/day (« = 7) 

Day 7-10 of m.c. 

ov- 

Prolonged 

52 

100 mg/day (/? = 6) 

Day 10-17 of m.c. 

OV- 

Prolonged 

50 

3 mg/kg body wt/day {n = 6) 

Day 10-12 of m.c. 

ov- 

Prolonged 

57 

25 mg/day {n = 3) 

Day 1-14 of m.c. 

ov- 

Prolonged 

97 


*Treatment was initiated after the emergence of dominant follicle, as judged by ultrasonography. M.C.: Menstrual 
cycle. 


hypothalamo-pituitary axis and the LH surge was absent. 
Croxatto et al.^^ have shown that treatment with 5 or 
10 mg RU 486 once-a-day throughout the menstrual 
cycle suppressed ovulation, whereas, a dose of 1 mg did 
not consistently block ovulation. Ovulation was blocked 
only in one of the five cycles treated with 1 mg dose. 
The effects of antiprogestins on folliculogenesis, there¬ 
fore, depend upon the dose and the frequency of admini¬ 
stration. 

If treatment of bonnet monkeys with ZK 98.299 or RU 
486 was delayed until the late follicular phase or 
initiated during the preovulatory period when the serum 
estradiol levels have increased beyond 150pg/ml, no 
effect on the follicular phase or serum levels of estradiol 
and bioactive LH was observed^^’^^. The length of the 
luteal phase and blood levels of progesterone were 
comparable to the control cycles. Similar observations 
have been reported with RU 486 in women^^. The 
oocyte released in such instances is probably normal in 
terms of its maturation and ability to be fertilized^^. 
However, in monkeys, treatment with RU 486 on days 
10-12 of the menstrual cycle delays the expected surges 
of FSH and LH, but estradiol levels continue to rise 
during the period of drug administration^^. 

It is interesting to note that treatment of bonnet 
monkeys with ZK 98.299 arrests folliculogenesis as long 
as the treatment is continued. LH surge and ovulation 
occur 2 days after stopping treatment in bonnet mon- 
keys^^’^3^ and in women, 4 to 6 days after stopping 
treatment with RU 486 (ref. 60). The resumed repro¬ 
ductive-endocrine profile of bonnet monkeys is similar 
to control cycles with respect to estradiol levels, magni¬ 
tude of LH surge and the duration of the subsequent 
luteal phase. In normal cycling bonnet monkeys with a 
menstrual cycle length of 28 days, the mid cycle peak in 
estradiol levels is generally observed on day 11 ±1, 
indicating that in a cycle of 28 days, 13 to 14 days are 
the time taken from recruitment of follicles to ovulation. 
Since LH surge and ovulation are observed as early as 
two days following the cessation of the antiprogestin 
treatment initiated during the follicular phase in 
monkeys; this suggests that the growth of the dominant 
follicle was arrested during the treatment period and that 
the same follicle recovered soon after the treatment was 
stopped. It is also possible that a new leading follicle is 
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recruited immediately after the treatment is stopped 
because collapse of the dominant ovarian follicle has 
been observed by ultrasonography after treatment with 
RU 486 (ref 57). 

The inhibitory effects of antiprogestins on folliculo¬ 
genesis and on ovulation could be due to impaired 
gonadotropin release. Our studies in bonnet monkeys 
have shown that the ZK 98.734-induced blockade of 
folliculogenesis is restored by treatment with LH and 
FSH (hMG) or by ‘pure’ FSH alone^"^. RU 486 inhibits, 
in a dose-dependent manner, the GnRH-induced LH and 
FSH secretion by the rat pituitary cells grown in vitro, 
and which had been primed with estradiol to maintain 
the PRs^^. Evidence of a direct effect of RU 486 on 
gonadotropin release is provided by the observation of 
inhibition of the mid-cycle FSH and LH surges without 
affecting the estradiol levels following treatment with 
RU 486 (1 mg/day) during the mid follicular phase and 
that these effects can be reversed by the exogenous 
administration of progesterone^. 

The inhibitory effects of antiprogestins on follicular 
development could also be due to their direct effects on 
the ovary. Treatment with RU 486 inhibits the secretion 
of 3p-HSD^^ and aromatase^^, the key enzymes involved 
in the steroidogenic pathway. 

The antigonadotropic effects of antiprogestins appear 
to be specific to their antiprogestational activity rather 
than due to their antiglucocorticoid activity. The follow¬ 
ing observations support this conclusion: i) RU 486- 
induced blockade of the preovulatory LH surge in 
monkeys cannot be reversed by simultaneous treatment 
with dexamethasone^^; ii) The ZK 98.734-induced 
decrease in testosterone levels in adult male marmosets 
can be reversed by simultaneous treatment with hCG but 
not with dexamethasone^^; iii) The ability of RU 486 to 
inhibit gonadotropin release is diminished in the pre¬ 
sence of progesterone^^. 

Effects of corpus luteum function 

The corpus luteum, consisting primarily of granulosa 
and thecal cells, synthesizes and secretes progesterone 
and estrogen. Progesterone prepares the uterine endo¬ 
metrium for implantation and maintains early pregnancy, 
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thereafter the function of corpus luteum is taken over by 
the placenta. LH is generally considered to be necessary 
for maintaining the normal corpus luteum function. 
Reduced availability of LH during the luteal phase 
contributes to luteolysis. The presence of LH receptors 
in the corpus luteum and the luteotropic effects of LH 
support the view that at least LH is required for normal 
corpus luteum function. Since the administration of 
antiprogestins during the follicular phase of the 
menstrual cycle impairs the release of gonadotropins, it 
is logical that the treatment during the luteal phase 
might have similar effects on LH, and consequently may 
cause premature decline of luteal function. FSH is 
probably not involved in luteolysis^^. 

Treatment with ZK 98.299 or ZK 98.734 during the 
luteal phase induces luteolysis in bonnet monkeys^^’^^ 
and common marmosetsas indicated by the decrease 
in serum progesterone levels. The antiprogestin-induced, 
premature decrease in progesterone levels results in 
induction of menstruation and shortening of the luteal 
phase. The induction of menstruation is not only due to 
the premature decrease in progesterone levels but is also 
due to the direct effects of antiprogestins on endo¬ 
metrium. The effects of RU 486 on corpus luteum func¬ 
tion in the human are similar to those of ZK 98.299 or 
ZK 98,734 in monkeys. Treatment with RU 486 during 
the mid-luteal phase provokes luteolysis and uterine 
bleeding in a dose-dependent manner^"^’^^. At lower 
doses, a transient decline in luteal function is more 
frequently observed, with a rebound increase in pro¬ 
gesterone levels followed by a second bleeding episode 
corresponding to the time of the spontaneous decrease in 
circulating progesterone levels. On the other hand, when 
RU 486 is administered during the post-ovulatory phase 
to monkeys it does not cause any change in luteal 
function^^. 

The precise manner in which antiprogestins induce 
luteolysis is not known. In the rat, treatment with RU 
486 or ZK 98.734 during early pregnancy induces 
structural changes in the corpora lutea which are 
characteristic of luteolysis^^’^^. Under in vitro condi¬ 
tions, RU 486 inhibits the activity of 3p-HSD, thereby 
reducing progesterone production in human granulosa 
cells^^. However, when pieces of human corpus luteum 
of mid-luteal phase are incubated with RU 486, ZK 
98.299 or ZK 98.734 no significant change in the syn¬ 
thesis of progesterone is observed (unpublished personal 
observations). Gonadotropin-receptor binding and gona- 
dotropin-stimulatable adenyl cyclase activity in mem¬ 
brane preparations of the human corpus luteum are also 
not affected by RU 486 (ref. 79), further supporting the 
observations that the antiprogestins may not have a 
direct effect on the primate corpus luteum. 

Since progesterone production by the primate corpus 
luteum is LH-dependent and the available evidence 
suggests that the antiprogestins have inhibitory effects 
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on hypothalamo-pituitary function, it is possible that the 
luteolytic effects of antiprogestins are mediated through 
the withdrawal of gonadotropin support to the corpus 
luteum. That ZK 98.299 or ZK 98.734-induced pre¬ 
mature decrease in serum progesterone levels during the 
luteal phase can be prevented by simultaneous treatment 
with hCG^^ supports the possibility of gonadotropin- 
mediated effects of antiprogestins on corpus luteum 
function. Similar effects have been observed with RU 
486 in women^^. Studies in which frequent blood sam¬ 
pling has been done after the administration of RU 486 
during the mid-luteal phase show an initial increase in 
the frequency and amplitude of LH pulses*^ followed by 
a decrease in LH secretion^^. The responsiveness of 
pituitary to GnRH also diminishes in women treated 
with RU 486, thereby indicating the pituitary as the 
probable site of action. 

Effects on the endometrium 

The effects of antiprogestins on the endometrium 
depend on the time of treatment during the menstrual 
cycle, as well as on the dose administered. Treatment 
during the proliferative phase does not induce premature 
bleeding and the morphology of the endometrium is not 
altered. On the other hand, treatment during the secre¬ 
tory phase induces regressive changes in the endo¬ 
metrium and its premature shedding. 

The inhibitory effects of the antiprogestins on 
endometrial development could be due to direct action 
on the endometrium and as a consequence of inhibition 
of progesterone during the luteal phase. Antiprogestins 
also induce menstruation without affecting circulating 
levels of progesterone. Endometrial biopsy taken from 
bonnet monkeys treated with ZK 98.299 once-a-week 
(20 mg/week) throughout the menstrual cycle showed a 
few glands which were distinctly atrophic and narrow, 
the others were enlarged and sometimes cystically 
dilated, lined with small low cuboidal epithelial cells. 
The stroma showed spotted edema accentuated by 
nonoedomatous parts containing dense small or spindly 
cells. The glands and stroma failed to develop comple¬ 
tely indicating asynchrony^"^. Similarly, the light micro¬ 
scopic studies indicate that treatment with a single dose 
of RU 486 (between 5 and 200 mg) during the secretory^ 
phase inhibits glandular secretory activity, accelerates 
degenerative changes, induces vascular changes, and 
increases stromal mitotic activity. In this study, 
menstrual induction after the administration of RU 486 
occurred independent of luteolysis, which is suggestive 
of the direct effect of the PRs blocker on the endo¬ 
metrium^^. Treatment with RU 486 also inhibits the 
normal down-regulation of progesterone and estrogen 
receptors in the endometrium^^. The serum concentra¬ 
tions of plasma protein 14, a glycoprotein synthesized 
by the progesterone-induced secretory endometrium and 
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which is proposed as a marker for endometrial function, 
is also suppressed after treatment with RU 486 (ref 59). 
These RU 486-induced changes in the morphology and 
function of the endometrium are typical of those seen in 
the infertile women with luteal phase defects. 

In view of the direct inhibitory action of RU 486 on 
the endometrium, it may be possible to alter the endo¬ 
metrial receptivity to the blastocyst without provoking 
changes in the endocrine function of gonadotrophs or 
corpus luteum, or endometrial bleeding. The use of very 
low doses of RU 486 during the entire luteal phase or 
a single dose within a few days after ovulation may 
interfere with the development of secretory endome¬ 
trium sufficiently enough to prevent nidation. 

Contraceptive strategy 

The results presented above clearly suggest that the 
gonadotropic cells of the pituitary, the endometrium 
and/or decidua are the primary target organs of 
antiprogestins. The inhibitory effects on gonadotropin 
release are suggestive of their possible use as a regular 
contraceptive by the blocking of gonadotropin-depen¬ 
dent events such as, folliculogenesis, ovulation or 
maintenance of corpus luteum function. On the other 
hand, the direct inhibitory effects of these compounds 
on the secretory activity of endometrium have possible 
contraceptive potential based upon prevention of 
implantation by rendering the endometrium out of phase. 
Moreover, the effects of antiprogestins are dose-related. 
There is a differential threshold of the gonadotropic 
cells of the pituitary and the endometrium. The doses 
which affect follicular development and ovulation also 
retard endometrial growth, whereas the lower doses 
impair endometrial development without affecting 
ovulation. The antiprogestins, therefore, have the ability 
to interrupt endometrial development regardless of 
whether ovulation is blocked or not. 

Inhibition of ovulation 

The property of antiprogestins to block ovulation can be 
explored for their possible development as a method of 
contraception, where the drug could be administered at 
regular intervals to block ovulation. Since antiprogestins 
are devoid of estrogenic activity their use as an ‘estro- 
gen-free’ method of contraception would be preferable 
over the combination pill containing estrogen and pro¬ 
gestin. In spite of anovulation induced with antipro¬ 
gestins, the estrogen secretion is maintained sufficient 
enough to avoid complications associated with a hypo- 
estrogenic state. Moreover, the low doses of these 
antiprogestins have no effect on the adrenal function, 
and the effects on folliculogenesis and ovulation are 
readily reversible. However, the lowest dose of anti¬ 
progestins which blocks ovulation also induces an 
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amenorrhic state during the period of treatment. As long 
as women are assured that the state of amenorrhea has 
no deleterious effects, particularly on the endometrium, 
the antiprogestins may be accepted as an oral contra¬ 
ceptive. An alternate approach suggested is to use 
antiprogestins in a sequential contraceptive pill regimen 
with a potent progestin^^ which would allow forma¬ 
tion of a normal secretory endometrium and the 
occurrence of timely, well-controlled bleeding. The 
administration of progestin in this study is suggested to 
prevent endometrial hypertrophy due to unopposed 
estrogen and to produce regular menstrual bleeding. 
However, the total dose of RU 486 and medroxy¬ 
progesterone acetate used in one cycle is very high, 
which may not be accepted and may also not be cost 
effective. Studies therefore need to be carried out to 
determine the minimum effective dose of RU 486 which 
would prevent ovulation, preferably without affecting 
the estrogen biosynthesis, and the pattern of menstrua¬ 
tion and without having any deleterious effects on the 
endometrium. 

Prevention or disruption of implantation 

The doses at which the antiprogestins arrest gonadal 
function also impair endometrial development. How¬ 
ever, the endometrium is sensitive to low doses of the 
drugs, the doses which do not affect folliculogenesis 
and ovulation. The antiprogestins, therefore, have the 
ability to interrupt endometrial development regardless 
of whether ovulation is blocked or not. In view of the 
direct inhibitory effects of antiprogestins on the endo¬ 
metrium, at least three approaches can be envisaged to 
use antiprogestins as contraceptive. 

Treatment during the early luteal phase. Oral adminis¬ 
tration of RU 486 during the early or mid-luteal phase 
induces premature bleeding within 2 to 4 days of the 
initiation of treatment in normal cycling women^^’^^. In 
about 60-70% women, the first bleeding episode is 
followed by another episode around the time of expected 
menstruation^^. The antiprogestin-induced bleeding is 
due to a direct inhibitory effect of the compound on the 
endometrial growth and in some cases by the inhibition 
of luteal progesterone secretion. In women in whom 
treatment with RU 486 causes premature luteolysis, one 
bleeding episode with complete shedding of the endo¬ 
metrium is observed. In these cases the menstrual cycle 
length of the treatment cycle is shortened and the post¬ 
treatment cycles are generally longer. On the other hand, 
in women in whom treatment does not provoke 
luteolysis or luteolysis is not complete, a rebound in the 
levels of LH, estradiol and progesterone is observed, 
followed by spontaneous luteolysis terminating the cycle 
with a second episode of uterine bleeding. Treatment 
during the early luteal phase may inhibit implantation, 
but if such a treatment is associated with disturbances in 
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Table 2. Antiprogestin RU 486 as a late luteal phase contraceptive 


Drug* 

Dose 

No. of women 

No. pregnant 

On-going pregnancies 

Failures (%) 

Reference 

RU486 

400 mg 

24 

7 

1 

14.3 

88 

RU 486 

600 mg 

115 

41 

8 

19.5 

88 

RU 486 

600 mg 

30 

18 

1 

5.6 

89 

RU486 

600 mg 

20** 

22 

4 

18.2 

90 


*RU 486 was given once on the day before the expected menses. Pregnancy was confirmed by positive hCG test at the 
time of RU 486 treatment. 

**Twenty women participated for a total of 137 cycles (ref. 90). 


menstrual cycle length, it will not be accepted as a regu¬ 
lar anti-conceptive agent. 

Once again, these effects of antiprogestins on the 
endometrium and on the corpus luteum function are 
dose-related. In view of the direct inhibitory action of 
RU 486 on the endometrium, which is more sensitive, it 
may be possible to alter the endometrial receptivity to 
the blastocyst without provoking changes in the 
endocrine function of gonadotrophs or corpus luteum, or 
endometrial bleeding. The use of very low dose of RU 
486 during the entire luteal phase or a single dose within 
a few days after ovulation may interfere with the devel¬ 
opment of secretory endometrium, just enough to 
prevent nidation without disturbing the normal mens¬ 
trual cycle rhythm. This has indeed been demonstrated 
by our studies in the bonnet monkeys. Treatment with a 
single dose of RU 486 during the early luteal phase 
prevented pregnancy in bonnet monkeys^^. None of the 
20 animals treated with different doses of RU 486 (5, 10 
or 20 mg) became pregnant whereas, three of eight 
animals in the control group became pregnant in one 
cycle of exposure. 

The contraceptive efficacy of a single dose of 200 mg 
RU 486 given on cycle day +2 following the day of LH 
peak has been tested in 21 sexually active women^^. 
Each participating woman monitored her own LH surge 
in the urine by using the Clearplant or Ovustick method. 
One pregnancy occurred in the 157 ovulatory cycles, 
corresponding to a Pearl Index of 7.6. Only in a few 
women was spotting observed. These observations 
suggest that once a month treatment with antiprogestins 
during the luteal phase can render the endometrium out 
of phase and prevent nidation. 

However, the practical difficulties that one can 
envisage from this approach include the need for a 
correct timing of drug administration as relative to 
ovulation. It should be essential to ensure that treatment 
is initiated within two to three days after ovulation and 
not prior to ovulation. Treatment during the late folli¬ 
cular phase may delay ovulation and expose women to a 
higher risk of pregnancy due to ovulation occurring later 
in the extended cycle. Secondly, the prolongation of 
menstrual cycle length due to treatment in the late 
follicular phase may create a false alarm of pregnancy in 
women with delay in menses. On the other hand, if the 
treatment is delayed to mid- or late-luteal phase it would 
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induce uterine bleeding starting a few days after com¬ 
mencement of therapy and would thus cause menstrual 
irregularities. 

Treatment during the late luteal phase. RU 486 has 
also undergone clinical evaluation as a post-coital 
method of birth control following its administration 
either during the late luteal phase or close to the time of 
expected menses^^’^^. Oral administration of RU 486 
(100 mg/day) for four consecutive days before the 
expected menses consistently produces menstrual bleed¬ 
ing in women who are not exposed to the risk of 
pregnancy. However, similar treatment to women who 
had unprotected intercourse failed to prevent conception 
in at least two women out of 12 with positive pregnancy 
tests at the time of expected menses. A single oral dose 
of 400-600 mg RU 486 administered to pregnant 
women on the day before the expected menses also 
failed to interrupt pregnancy (Table 2). Taken together 
the results of these clinical trials with similar protocols 
suggest that at the dose regimens used RU 486 cannot be 
recommended for use as a late post-coital treatment 
against pregnancy. 

The drug is well tolerated by volunteers and no side 
effects are observed. In one study, 8 of 12 volunteers 
received treatment for 12 consecutive cycles^^. Treat¬ 
ment did not disturb the menstrual cycle rhythm nor did 
it cause any alterations in the follicular or luteal phase 
of the following menstrual cycles. The degree and 
duration of bleeding in these subjects was similar to 
each women’s own pretreatment menstrual period. Since 
such an approach would not be influenced by the time 
elapsed following unprotected intercourse and by the 
number of sexual exposures, further attempts to improve 
the efficacy of this approach would be a useful addition 
to the other hormonal approaches being presently used 
for emergency post-coital contraception. 

Since the abortifacient efficacy of RU 486 is im¬ 
proved significantly following its concomitant admini¬ 
stration with PG analogues, it is possible that a similar 
combination regimen may be more efficacious for 
regular, monthly use also. For such a once-a-month pill 
to be acceptable, it will be necessary to develop an 
orally active PG which is stable at room temperature. 
The treatment also has to be cost-effective. The most 
commonly used PG analogues gemeprost and sulpro- 
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Table 3. Effect of ZK 98.299 on ovulation and corpus luteum function in bonnet monkeys 

Treatment cycle 


1st ' 2nd 3rd 4th 5th 6th 


ZK 98.299 (2.5 mg every third day) 

232 OV+ 

104 OV+ 

186 OV+ 

266 OV+/LI 

ZK 98.299 (5 mg every third day) 

168 OV+ 

162 O V+ 

214 OV+ 

170 OV+/LI 

230 Pregnant 

LI: Luteal insufficiency, serum levels of progesterone did not rise about 3 ng/ml in any of the blood samples 
collected after the mid-cycle peak in estradiol levels. 


Table 4, Effects of ZK 98.299 on menstrual cycle length and duration of menses (mean ± SD) in bonnet monkeys 


Group 

Pretreatment 

cycle 






Treatment cycle 





1st 


2nd 



3rd 

4th 


5th 


6th 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L 

M 

L M 

2.5 mg 














Mean 

28.7 

4.5 

27.7 

4.5 

27.0 

3.7 

30.7 

3.7 

28.0 

1.5 

31.5 

1.5 

34.0 l.O 

SD 

2.2 

1.2 

2.5 

1.0 

1.8 

0.9 

11.5 

2.1 

4.2 

0.7 

2.1 

0.7 


5 mg 














Mean 

28.0 

3.5 

27.5 

1.7 

27.0 

2.5 

28.2 

3.7 

30.5 

2.7 

28.0 

3.5 

- 

SD 

2.2 

1.3 

1.9 

0.9 

5.9 

1.9 

7.5 

1.9 

2.9 

1.7 

2.2 

3.1 



Antiprogestin was administered (s.c.) every third day, starting on day five of the first menstrual cycle. L: Cycle length 
(days), M: Duration of menses (days). N.S.: Not significant with respect to pretreatment cycle. 


OV+ 

OV+/LI 

OV+/LI 

OV- 

OV- 

OV+ 

OV+/LI 

OV- 

OV- 

OV- 

ov+ 

OV+/LI 

OV+ 



OV+/LI 

OV+/LI 

OV+ 




OV+ 

OV+ 

OV+/LI 

OV+/LI 

ov- 

OV+ 

OV+ 

OV- 

OV+ 

ov- 

OV+/LI 

ov- 

OV+/LI 

OV- 

ov- 

OV- 

OV+/LI 

OV- 

OV+ 

ov- 


Stone, are expensive, relatively less stable at room temp¬ 
erature and need to be administered by parenteral routes. 
The combination of these PGs with RU 486 may not be 
viable particularly for use in developing countries. 
Recent studies have shown that combination of yet ano¬ 
ther PG analogue, misoprostol with RU 486 is as effec¬ 
tive as Gemeprost or Sulprostone for termination of 
early pregnancy. Since Misoprostol is orally active, 
stable at room temperature and relatively inexpensive, 
the contraceptive potential of this PG analogue in com¬ 
bination with RU 486 would be worth evaluating. 

If a combination regimen of RU 486 and PG proves 
efficacious as once-a-month method of menses inducer, 
large-scale toxicological studies will be required before 
recommending its use on wider scale. The possible 
teratogenic effects of the combination regimen would 
also need to be considered more critically if in case of a 
failure the woman decides to continue with the preg¬ 
nancy. There are anecdotal reports on the teratogenic 
effects of RU 486 in rabbits^^ and of feto-toxicity of RU 
486 in long-tail macaques^”. However, no birth defects 
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have been reported following unsuccessful treatment 
with RU 486 alone in early human pregnancy. Miso¬ 
prostol is on the market in some countries for the treat¬ 
ment and prevention of gastric ulcers. However, some 
PGs used for termination of pregnancy are potentially 
capable of causing teratogenic effects as a result of 
anoxia due to uterine contractions and constriction of 
the uterine blood vessels. It would therefore be essential 
to rule out the possibility of any teratogenic effects of 
misoprostol in the combination regimen, particularly 
after long-term use. 

Treatment throughout the menstrual cycle 

In view of the practical difficulties to administer 
antiprogestins during the early luteal phase, it may be a 
more practical method to administer the drug in small 
doses either daily or at regular intervals throughout the 
menstrual cycle. Treatment with ZK 98.299 in small 
doses throughout the menstrual cycle of bonnet monkeys 
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Figure 3. Serum levels of estradiol and progesterone during the 
pretreatment and four treatment cycles of a bonnet monkey (#186) 
treated with 2.5 mg ZK 98.299. Treatment was initiated on day five 
of the first treatment cycle and thereafter it was administered every 
third day. The profile of gonadal hormones during the first two 
treatment cycles was similar to that of pretreatment cycle. The 
menstrual cycle length of the third cycle was prolonged which is due 
to the shift in the mid cycle peak in estradiol levels. Progesterone 
levels increased above 1 ng/ml after the estradiol peak but the levels 
did not rise above 3 ng/ml, which is suggestive of luteal insuffi¬ 
ciency. In the fourth treatment cycle also progesterone levels on day 
8 after the peak in estradiol levels were lower than those seen in 
pretreatment and two treatment cycles. 


the eight animals which did not conceive, the first three 
consecutive treatment cycles of six animals were ovula¬ 
tory, whereas in the other two animals, two cycles of 
each were ovulatory (Table 3). The incidence of inhibi¬ 
tion of ovulation was increased on prolonged treatment. 
In some of the ovulatory cycles, prolonged treatment 
also suppressed luteal activity (Figure 3). The mean 
menstrual cycle length of the animals was not affected 
(Table 4). Although the mean duration of menses was 
not altered significantly, the bleeding was scanty in 
some of the treated cycles. Treatment with antipro- 
gestins inhibited endometrial glandular secretory acti¬ 
vity, increased the degenerative changes in gland cells 
and induced several changes in the vessels of the stroma 
(Figure 4). It seems probable from these observations 
that treatment with antiprogestins interferes with the 
development of endometrium so as to alter its recepti¬ 
vity to the blastocyst. 

The effects of RU 486 and related antiprogestins, 
administered at regular intervals throughout the men¬ 
strual cycle, depend upon the dose administered 
(Table 5). Treatment with low doses of RU 486 (1, 5 or 
10 mg/day) administered once daily throughout the 
menstrual cycle has been shown to disturb endometrial 
maturation in women^^“^^ While 5 and 10 mg doses 
retarded follicular development and prolonged the cycle 
length in all the treated cycles, 1 mg dose suppressed 
ovulation in only one of the five cycles^^ Even in 
women in whom ovulation was not suppressed, RU 486 
either delayed endometrial morphological characteristics 
or induced dyssynchrony between glandular and stromal 
tissue. However, it is still not known whether the 
changes induced in the endometrium with low doses of 
RU 486 are incompatible with the establishment of 
pregnancy. Since the doses tried so far did not have a 
selective effect on the endometrium only, and as ovula¬ 
tion was also inhibited in some women (about 20%), 
it is likely that either still lower doses of RU 486 
administered once daily or decrease in the frequency of 
administration would consistently block endometrial 
development without altering the follicular and endo¬ 
crine profile of gonadal and pituitary hormones. 


Post-coital contraception 


is very effective to prevent pregnancyIn this study 
five bonnet monkeys were treated with vehicle, and ano¬ 
ther nine with 2.5 mg {n = 4) or 5 mg {n = 5) ZK 98.299 
once every third day for four to six consecutive 
menstrual cycles. All the five animals treated with the 
vehicle became pregnant, one in first cycle, three in 
second cycle and one in the third mated cycle. On the 
other hand, only one animal out of nine treated with ZK 
98.299 became pregnant. Four animals treated with 
2.5 mg ZK 98.299 for 17 cycles, and another four 
treated with 5 mg dose for 21 cycles did not conceive. In 
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Post-coital or emergency contraception refers to a 
procedure to prevent pregnancy following unprotected 
intercourse. Since the administration of RU 486 and 
related antiprogestins during the luteal phase induces 
premature bleeding, it is likely that it would prevent 
pregnancy in case of an unprotected intercourse during 
this period. Similarly, treatment with antiprogestins 
during the follicular phase is likely to prevent pregnancy 
in view of the inhibition of ovulation. Therefore, the 
efficacy of RU 486 as emergency contraception derives 
from their ability to prevent ovulation and retard 
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Figure 4. a. Endometrium from control animals showing glands with secretions in their lumen (x 1250), b. 
Endometrium from a monkey (# 186) treated with 2.5 mg ZK 98.299 showing mitosis in the pseudostratified 
glandular epithelium. Stroma shows spindle shaped cells (xl250); c. Endometrium from monkey (# 162) 
treated with 5 mg ZK 98.299 showing small, narrow, tubular inactive glands with accumulation of secretory 
material in the glandular lumen and stromal cells (x 1250). 
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Table 5. Effects of antiprogestins administerted at regular intervals throughout the menstrual cycle on ovulation and endometrial development 



Administration 

schedule 


Effects on 

M.C. 

length 


Antiprogestin 

Species 

Dose 

Ovulation 

Endometrium 

Reference 

ZK 98.734 

Bonnet monkeys 

Once-a-week 

25 mg 

OV~ 

Atropic 

Prolonged 

64 

ZK 98.299 

Bonnet monkeys 

Once-a-week 

20 mg 

OV+ 

Atropic 

Prolonged 

54 

ZK 98.299 

Bonnet monkeys 

Once-a-week 

10 mg 

OV+ 

Atropic 

Not affected 

54 

ZK 98.299 

Bonnet monkeys 

Once-a-week 

5 mg 

OV+ 

Atropic 

Not affected 

54 

RU 486 

Cynomolgus monkeys 

Once-a-week 

25 mg 

OV- 

Not reported 

Prolonged 

98 

RU 486 

Cynomolgus monkeys 

Once-a-week 

12.5 mg 

OV+ 

Not reported 

Prolonged 

98 

RU 486 

Women 

Once-a-week 

10 mg 

OV+/- 

Not reported 

Not affected 

99 

RU 486 

Women 

Once-a-week 

50 mg 

OV+/- 

Not reported 

Not reported 

99 

RU 486 

Women 

Once daily 

1 mg 

OV- 

Out of phase 

Prolonged 

59 

RU 486 

Women 

Once daily 

1 mg 

OV+ 

Out of phase 

Not affected 

61 

RU 486 

Women 

Once daily 

2 mg 

OV-* 

Not reported 

Prolonged 

60 

RU 486 

Women 

Once daily 

5 mg 

OV-* 

Not reported 

Prolonged 

60 

RU486 

Women 

Once daily 

5 mg 

OV-* 

Out of phase 

Prolonged 

61 

RU 486 

Women 

Once daily 

10 mg 

OV-* 

Out of phase 

Prolonged 

61 

*Ovulation did not occur at the expected time and the follicular phase was extended and ovulation was delayed. 
OV+/~ In some volunteers ovulation was inhibited while in others it was not. 






Table 6. Efficacy of steroidal post-coital contraceptives in women 




Drug 

Dose 

Schedule of 
administration 

No. of 

women 

No. of 
pregnancies 

Failure 

(%) 

Reference 

RU 486 

600 mg 

Single dose, given within 72 h of intercourse 

402 

0 

0 

95 

Yuzpe regimen 

100 pg EE + 

1 mg LNg 

Given twice, separated by 12 h, given within 

72 h of intercourse 

398 

4 

1 

95 

RU 486 

600 mg 

Single dose, given within 72 h of intercourse 

195 

0 

0 

96 

Yuzpe regimen 

100 pg EE + 

1 mg LNg 

Given twice, separated by 12 h, given within 

72 h of intercourse 

191 

5 

2.6 

96 

Danazol 

600 mg 

Given twice, separated by 12 h, given within 

72 h of intercourse 

193 

9 

4.7 

96 

Levonorgestrel 

0.75 mg 

Given twice, separated by 12 h, given within 

48 h of intercourse 

331 

8 

2.4 

100 

Yuzpe regimen 

100 pg EE + 

I mg LNg 

Given twice, separated by 12 h, given within 

72 h of intercourse 

336 

9 

2.6 

100 

Danazol 

400 mg 

Given twice, separated by 12 h, given within 

72 h of intercourse 

990 

17 

1.7 

101 

Levonorgestrel 

0.75 mg 

Given twice, first tablet given within 8 h of 
intercourse, and the second 24 h later 

259 

2 

0.8 

102 


LNg: Levonorgestrel, EE: Ethinyl estradiol. 


endometrial development^'*. In two WHO-supported 
clinical trials, the women (402 at one centre and 195 at 
the other) who were exposed to the risk of pregnancy 
were given a single dose of 600 mg RU 486 within 72 h 
of unprotected intercourse^^’^^. No pregnancy occurred. 
Analysis of the data from the centre where 195 women 
were enrolled showed that at least 72 women had had 
intercourse within three days after ovulation^^. Yuzpe 
regimen (0.1 mg ethinylestradiol and 0.5-1.0 mg levo¬ 
norgestrel), two doses of levonorgestrel alone (0.75 mg) 
and Danazol have been extensively used as post-coital 
contraceptive. However, in comparison to these 
methods, the use of RU 486 appears to be more effective 
and safe (Table 6). In two identical trials comparing the 

420 


efficacy of RU 486 with the Yuzpe regimen, no 
pregnancy occurred in any of the 597 women treated 
with RU 486 as against nine pregnancies in 589 women 
treated with the Yuzpe regimen. Moreover, compared to 
the Yuzpe regimen, the incidence of vomiting, nausea, 
headache and breast tenderness was much less common 
in RU 486-treated women. However, in 42% women 
treated with RU 486, the menstrual cycle length was 
prolonged by three or more days, compared to 13% in 
women treated with Yuzpe regimen. This prolongation 
of menstrual cycle length could be due to the extension 
of follicular phase resulting in delayed ovulation. These 
initial trials have provided very encouraging results on 
the possible use of antiprogestins as a post-coital or 
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emergency method of contraception. These studies need 
to be extended to determine the minimum effective dose 
and to find out whether the treatment would still be 
effective in women presenting with a delay of up to 5 or 
6 days after unprotected intercourse. It also needs to be 
determined as to how often these antigestagens can be 
used in one cycle without causing disturbances in the 
menstrual cycle rhythms. 

Concluding statements 

In brief, the antiprogestins like RU 486 and ZK 98.299 
block the action of progesterone at the receptor level, 
impair gonadotropin release and retard endometrial 
development. Moreover, they do not have estrogenic or 
androgenic activity. The availability of these drugs has 
provided an excellent tool to probe into the mechanisms 
by which progesterone regulates various reproductive 
processes, as well as a new approach to regulate 
fertility. The antiprogestins are being developed as 
contraceptives either by using the strategy to block 
ovulation and as an endometrial contraceptive, where 
the treatment might alter the endometrial receptivity to 
the blastocyst. In addition to developing antiprogestins 
as a regular method of contraception, requiring 
administration throughout the menstrual cycle, they are 
also being developed as a method of postcoital contra¬ 
ception or an emergency method of contraception. The 
initial studies in various animal models and the limited 
clinical trials carried out so far have provided very 
encouraging results; however, extensive basic and 
clinical work needs to be carried out before any of these 
possibilities can become a reality. To develop anti¬ 
progestins as an endometrial contraceptive, studies need 
to be carried out to determine the minimum effective 
dose and the frequency of administration which would 
alter the endometrial receptivity to the blastocyst 
without affecting folliculogenesis, adrenal function and 
menstrual cyclicity. It also needs to be determined 
whether drug intake is required throughout the menstrual 
cycle or whether treatment during the early luteal phase 
is sufficient. To develop antiprogestins as an emergency 
method of contraception there is a need to determine the 
minimum effective dose, and how often the antipro¬ 
gestin can be administered in each cycle without causing 
menstrual disturbances and delay in the onset of next 
menses. Another most important issue which needs to be 
looked into critically is the teratogenic effects of 
antiprogestins. How safe are these drugs? Can a woman 
using these antiprogestins as a method of contraception 
continue safely with the pregnancy in case of a failure? 
It is absolutely essential to rule out the possibility of any 
teratogenic effects of these drugs, particularly after 
long-term use. Long-term, large-scale clinical trials on 
the efficacy and safety can only provide answer as to 
how far these drugs are effective, safe and superior to 
the existing hormonal methods of contraception. 
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Contraceptive vaccines 
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Fertility control by immunological approaches is no 
longer a fantasy. It can be achieved in both male and 
female with no significant side-effects. Besides the 
feasibility of using these vaccines in animal fertility 
control, birth control vaccines for human use, have 
reached the stage of clinical trials. A vaccine directed 
against hCG is at the most advanced stage and is the 
first to provide evidence on the ability of the vaccine 
to prevent pregnancy in women at and above 
50 ng/ml hCG antibody titre. The vaccine is safe and 
reversible. 

On the grounds that the hormonal subunits made 
ectopically by such tumours act as autocrine growth 
factors for the cancer cells, the recombinant hCG 
vaccine is under trial in Mexico in lung cancer 
patients of the type that secrete hCG. Another 
vaccine directed against LHRH is under trial in 
hormone-dependent prostate carcinoma patients. 
Two CMI vaccines employing purified extract of 
neem seed hold promise for regulating female and 
male fertility without impairment of sex steroid 
production, vigour and libido. 


Vaccines were traditionally developed against patho¬ 
gens 'foreign’ to the body. It has, however, been pos¬ 


sible to devise vaccines that can induce either antibody 
or cell-mediated immune (CMI) response selectively 
directed against a hormone or a gamete antigen involved 
in reproduction. What began as an idea in the mid¬ 
seventies has become a feasible reality today. Vaccines 
against three hormones, viz. hCG, LHRH and FSH, have 
reached the stage of clinical evaluation. A vaccine 
against the human chorionic gonadotropin (hCG) has not 
only passed through Phase I clinical trials in India and 
four countries abroad, but has also completed success¬ 
fully Phase II clinical trials in three major centres in the 
country, demonstrating the safety, reversibility and 
efficacy of the vaccine to prevent pregnancy in women. 
Novel CMI vaccines for males and females are on the 
anvil employing immunomodulators from neem 
(Azadirachta indica). Finally, some vaccines originally 
made for fertility control are likely to find applications 
in hormone-dependent cancers. The hCG vaccine is in 
clinical trial in Mexico in lung cancer patients carrying a 
type of tumour that secretes hCG and its subunits. 
Similarly, LHRH vaccine is approved for trials in 
prostate carcinoma patients. What follows is a brief 
review of these developments. In the context of this 
special issue, discussion will be largely confined to the 
vaccines developed by us. 
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Figure 1. Mechanism by which hCG vaccine acts. In a month of say 
28-day cycle hCG is detectable by day 23. It travels through circula¬ 
tion to the ovaries to maintain progesterone secretion necessary for 
endometrial receptivity to embryos. Antibodies against hCG if 
present in circulation inactivate the hCG signal and prevent 
continued progesterone production with the result that pregnancy 
does not get established and the woman gets her menstrual period as 
in an infertile cycle. 

HCG vaccines 

HCG as a target for immunointerception was the choice 
made by both WHO and our group due to several 
reasons. HCG is an early signal of conception and is 
essential for establishment and maintenance of preg¬ 
nancy during the first seven weeks. It is normally res¬ 
ponsible for the missing of the menstrual period, the 
first biological sign of pregnancy to a woman, by its 
action on corpus luteum to continue the production of 
progesterone. The neutralization of the hormonal signal 
of hCG by circulating antibodies negates the hCG 
support to corpus luteum and the immunized women 
menstruate at the expected time even if the month is 
fertile (Figure 1). There are more than one indications 
that the action of hCG vaccine is exercised at the 
preimplantation stage thus, pregnancy, which is 
deemed to start after the attachment of the embryo to the 
uterus, does not take place. This contention is also 
backed by the logic that continued synthesis of 
progesterone from corpus luteum of ovaries is essential 
for preparation of the endometrium to receive the 
embryo. The denial of corpus luteum support by the 
anti-hCG antibodies cuts off the progesterone produc¬ 
tion and endometrial receptivity. Thus, in choosing 
hCG, one intervenes at a point which is post-ovulatory 
but prior to the onset of pregnancy. The immuno- 
intervention does not disturb the normal physiological 
functions of ovulation and secretion of normal sex 
steroid hormones takes place in the same manner as in 
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the non-pregnant state. In this respect the vaccine 
approach will be preferable to the contraceptives, which 
act by blocking ovulation and stopping the secretion of 
normal sex steroids, which are replaced by the synthetic 
steroids given. 

Other reasons for the choice of hCG was the fact that 
this hormone, in contrast to gamete antigens, was avai¬ 
lable from natural sources and that the subunit com¬ 
position and the primary structure of subunits were 
known. 

Three hCG vaccines devised 

HCG is composed of two subunits, a and p. The a- 
subunit is common to three other pituitary hormones. 
The choice was thus to use P-subunit of hCG or a sub 
part of it. Accordingly, two types of vaccines were 
made. Stevens, with support from WHO Task Force, 
employed the 37 amino acids carboxy terminal peptide 
(CTP) of p-hCG^, whereas Talwar et al? opted to 
employ the entire P-hCG. The rationale for choosing 
CTP was the non-occurrence of this peptide in P-hLH, 
thus the expectation that the antibodies would be non- 
cross-reactive with hLH. Subsequent findings have, 
however, unexpectedly shown that CTP-induced anti¬ 
bodies react with somatostatin-producing cells of the 
pancreas'^. The entire p-subunit of hCG is much more 
immunogenic than CTP and the antibodies have bette^r 
capacity for inactivation of the bioactivity of hCG ’ . 
Furthermore, the antibodies have no autoantibody 
reactivities^, and do not react with pancreas or other 
tissues^. These are no doubt partly cross-reactive with 
hLH but the degree of cross-reaction does not impair 
ovulation in primates or in humans. Long-term (5-7 
years) toxicology studies in monkeys with p-oLH, which 
induces antibodies cross-reactive with monkey LH and 
monkey CG did not produce any pituitary or kidney 
pathology^’These findings are understandable on the 
grounds that LH receptors do not exist on membranes of 
pituitary gonadotrophs and that the antibodies do not 
enter viable cells to react with intracellular material. 
The cross-reaction of antibodies takes place with LH in 
circulation and it does not deplete the monthly LH surge 
below the amount necessary for ovulation. 

Carrier linkage to overcome immunological 
tolerance 

P-HCG or CTP being ‘self’ molecules do not by 
themselves elicit antibody response. These were either 
hapten-modified^^ or linked to carrier^^ to elicit immune 
response. The first prototype vaccine linked p-hCG with 
tetanus toxoid (TT). This vaccine evoked antibodies 
concomitantly against hCG and TT. The vaccine thus 
brought in the additional benefit of immunoprophylaxis 
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against tetanus, an infection responsible for a very large 
number of maternal and fetal deaths in the country 
where the deliveries take place at home or in rural 
surroundings. The antibodies recognized hCG and 
bound to it; however, hCG by itself did not act as a 
booster^^. The antibody titres declined to near-zero 
level in the course of time in the absence of booster 
injection. Immunization did not derange menstrual 
regularity nor had any other side effects on endocrine, 
metabolic or other body functionsThe vaccine 
conceived and developed in India was approved for 
Phase I clinical trial not only in India but also in Chile, 
Finland, Sweden and Brazil under the auspices of the 
International Committee on Contraception Research 
(ICCR) of the Population Council. The results from 
all centres were confirmatory of the safety of the 
vaccine and its reversibility^^'^^. A drawback of this 
vaccine was the large variability of titres amongst the 
recepients. 

Heterospecies dimer (HSD) — the improved hCG 
vaccine 

Three steps were taken to improve the immunogenicity 
of p-hCG-TT vaccine: 

1. Sodium phthalyl derivative of lipopolysaccharide 
(SPLPS) from Salmonella enteritidis was included 
as an adjuvant in the first injection^^. SPLPS is a 
non-pyrogenic but powerful B-cell mitogen. It 
stimulates also the local production of cytokines 
potentiating antibody response. 

2. Diphtheria toxoid (DT) was selected as a carrier in 
addition to TT to make two different conjugates. 
These were administered in alternating sequence to 
prevent hyperimmunization against a given carrier. 
This strategy also overcomes the carrier-induced 
immunosuppression noticed in a few women on 
repeated immunization with the same carrier. 
Presenting the antigen on an alternate carrier over¬ 
came the suppression and evoked antibody res- 
ponse^^ (Figure 2). 

3. The intrinsic immunogenicity of P-hCG was aug¬ 
mented by associating it with a heterospecies 
a-subunit of ovine origin. The property of associa¬ 
tion between these subunits is conserved across 
species. Thus, the ovine a combines with the human 
P to generate a heterospecies dimer (HSD). HSD, a 
man-made hormone, is superior to hCG for its 
steroidogenic property (Figure 3). The antibodies 
generated by it have better bioneutralization 
capacity^^. More importantly, it is a better immu- 
nogen“^, presumably because of the ‘foreigness’ 
brought in by the heterospecies. No cross-reaction 
of antibodies made by it is seen with hTSH and 
hFSH. 
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Figure 2. Alternate use of carriers to prevent immunosuppression. A 
volunteer in Phase I clinical trial receiving repeat immunization with 
the vaccine (a-oLH-(3-hCG-TT)-generated antibodies against 
gonadotropin and TT. Booster immunization with ^-hCG-TT in few 
other women (not all) failed to induce anti-hCG response. Such 
immunosuppressed women produced anti-hCG antibodies on 
immunization with gonadotropin linked to alternate carrier, 
diphtheria toxoid (DT) or cholera toxin chain B. (From Reference 
18.) 



Figure 3. Superior steroidogenic property of HSD composed of |3- 
hCG associated with a-subunit of LH of ovine origin. The 
production of testosterone by Leydig cells in response to hCG 
(9000 lU/ng) (•-•)and HSD (O-O) are given as a func¬ 

tion of the dose of the hormone. Response computed on the basis 
of hormone equivalent to purified hCG of 12 000 lU/ng potency 

(O-O). The isolated subunits by themselves do not recognize 

the receptor and have little steroidogenic property. Their association 
results in a conformation recognizing their receptor. (From Reference 
20 .) 


Phase 1 clinical trails 

After due toxicology, drug regulatory and ethical appro¬ 
vals, various formulations of the hCG vaccine went 
through Phase I clinical trials in five centres of the 
country. These trials demonstrated the lack of any 
significant contraindications'^ No immediate or delayed 
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reactions related to immunization were discernible. 
Blood chemistry and haematology parameters remained 
largely unchanged. The women kept ovulating. Their 
menstrual cycles remained regular. No increase in the 
number of bleeding days or amount was seen. The 
degree of cross-reaction with hLH had no relationship 
with the menstrual cycle length^”. No difference in 
autoimmune reactivities could be seen in bleeds before 
and after immunization^. The antibody titres declined 
with time, pointing to the reversibility of the pheno¬ 
menon. 

Phase II ejficacy trials with the HSD vaccine 

After ascertaining fully the safety and reversibility of 
the vaccine, it was crucial to determine whether the 
vaccine is effective in humans. Previous data on efficacy 
were in baboons^^’""^ and bonnet monkeys"^. Clinical 
trials were conducted at the Postgraduate Institute of 
Medical Education and Research (PGIMER), Chandi¬ 
garh, Safdarjung Hospital and All India Institute of 
Medical Sciences, New Delhi, in women of reproductive 
age who were of proven fertility with two live children 
and who had active sex life. One hundred and sixty-one 
women attending the family planning clinics volunteered 
for this study. Of these, 148 completed the primary 
immunization of three injections. All of them generated 
anti-hCG antibodies. But only 119 of them (80%) who 
had titres above 50 ng/ml were further followed up. The 
protocol of this study had fixed a putative threshold of 
50 ng/ml of hCG bioneutralization capacity for evalu¬ 


ation as to whether this titre (and above) is adequate for 
prevention of pregnancy. It has been subsequently seen 
that this threshold is on the higher side and no preg¬ 
nancy, in fact, took place above 35 ng/ml. The women 
were asked to use lUD or an alternate contraceptive for 
the first three months during the primary immunization 
schedule of three injections given at six-weekly 
intervals. On attainment of the titres above 50 ng, the 
lUD was removed and women exposed to pregnancy 
without the use of any alternate contraceptive. Figure 4 
illustrates typical antibody kinetics in a woman. The 
solid bar is the period during which she was exposed but 
did not become pregnant. Boosters were provided to 
those desirous of continuing the study. They had the 
option of moving out of the study and not take further 
injections. Women were protected from becoming 
pregnant for periods ranging from a minimum of 3 
months to two-and-a-half years. Only one pre¬ 
gnancy was recorded in over 1200 cycles at or above 
50 ng/ml titre. The antibodies generated by the vaccine 
were thus highly effective in preventing pregnancy at 
and above this titre. HSD is the first birth control 
vaccine, for which evidence of efficacy has been 
established^^^. 

Further development for large-scale use of the 
vaccine 

Two important milestones have been crossed. The 
vaccine is safe and reversible in humans. It is effective 
in preventing pregnancy. The following lacunae have. 



Figure 4. Protection against pregnancy by the HSD-hCG vaccine. RSV, a volunteer 25 years 
of age and having two live children, was immunized with the above vaccine. After the 
primary' course of three injections given at six-weekly intervals, antibodies exceeding 50 ng 
bioneutralization capacity were generated. At this time lUD was removed. During the next 16 
cycles (indicated by a solid bar) she was exposed to pregnancy with no other contraceptive 
employed. She did not become pregnant. The menstrual cycles represented at the top of the 
abscissa are by and large regular and luteal progesterone levels were indicative of ovulatory 
cycles. Booster injection was given to maintain the antibody titres above the threshold level. 
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however, to be filled in order to make the vaccine 
logistically usable on a large scale: 

1. The lag period of about three months for antibody 
titre build-up during primary immunization requires 
to be covered by a dependable, compatible, com¬ 
panion approach. 

2. The multiple injections presently necessary for 
primary immunization require to be given in a single 
dose to avoid the risk of incomplete immunization 
on account of the failure of the recipient to turn up 
for subsequent injections. 

3. A simple assay which could be performed by the 
individual would be required for the woman to check 
each month whether she has adequate antibody 
titres. 

4. The vaccine has to be made at a reasonable cost and 
in large quantities for which recourse to DNA 
recombinant techniques may be necessary. 

These issues have been the subject of our ongoing 
research. It has been established that a single instillation 
of purified neem seed extract (Praneem) into the uterus, 
by a technique easier than insertion of lUD, can prevent 
pregnancy in rodents”^ and monkeys^^ without impair¬ 
ment of ovulation. Figure 5 is an evocative example of 
how this treatment works. Praneem vaccine induced 
local cell-mediated immunity (VILCI) and was given in 
the right horn; the left horn received an equal volume of 
0.1 ml of peanut oil. The treatment did not change libido 
and the animals mated. The peanut-oil-treated horn had 
normally developing embryos whereas the VILCI- 
treated horn had no implantation sites in spite of the fact 
that the right ovary showed ovulation points. The recep¬ 
tivity of the uterus to estrogens and progesterone remai¬ 
ned unchanged by treatment with VILCI. The duration 
of the effect varied from 50 to 180 days in the rodents 
depending upon the dose^^. The animals regained 
fertility in the course of time. After due toxicology, drug 
regulatory and ethical approvals, Phase I clinical trial 
has been completed on Praneem VILCI at PGIMER, 
Chandigarh. These studies have shown that treatment 
with VILCI is safe for humans. Extended Phase II trials 
with the hCG vaccine in combination with VILCI are 
planned with the idea to determine whether the com¬ 
bined use of the two can provide protection right from 
the day of enrollment of the subject. A parallel group 
with VILCI alone would furnish data on the efficacy, if 
any, of a novel CMI vaccine to be a contraceptive in its 
own right. 

The mechanism by which VILCI prevents implan¬ 
tation is not fully known. The genital tract is normally 
immunosuppressed to react against the sperm, which is 
foreign to the woman’s immune system. After treatment 
with Praneem VILCI, the immunological response is 
activated against the sperm, which is translated into 
local production of cytokines, such as y-interferon, IL 2 
and TNF, that reject implantation. 
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Figure 5. Prevention of implantation in the uterus by local treatment 
with purified extract of neem seed (VILCI). The right horn received 
0.1 ml of neem seed extract and the left horn an equal volume of 
peanut oil. The animals mated and normally developing embryos 
could be seen in the horn treated with peanut oil. No implantation 
sites were visible in the neem-treated horn. The effect varied from 50 
to 180 days and was reversible. 


Single contact point immunization 

Biodegradable microspheres of polylactide-polygly- 
colides (Figure 6) have been developed, in which 
multiple doses of the vaccine are encapsulated. These 
erode with time, releasing the vaccine either as a conti¬ 
nuous antigenic stimulus or in pulsatile fashion (depend¬ 
ing upon the formulation). We are also working on 
microspheres encapsulating TT for eventual use as a 
single delivery vaccine against neonatal tetanus. Micro¬ 
spheres loaded with the hCG vaccine have generated 
sustained antibody response in monkeys for over 6 
months without the need of a booster. Further impro¬ 
vements are being carried out to obtain a sustained 
antibody response for 12 months by a single contact 
immunization. 

A simple assay for antibody titres 

The sera from women immunized during Phase II 
efficacy trials with the HSD vaccine were valuable to 
investigate the determinants to which antibodies are 
raised in humans. Analysis has been done by a compe¬ 
titive enzyme immunoassay employing a panel of mono¬ 
clonal antibodies. These studies have put in evidence a 
dominant response to an epitope recognized by two 
monoclonal antibodies (206 and P3W-80)^^. A basis is 
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Figure 6. Biodegradable microspheres of polylactide-polyglycolide encapsulating multiple doses of the vaccine that 
can be given at a single contact point (a). These erode with time releasing the encapsulated vaccine (b). 
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therefore laid for developing a single-step competitive 
capture assay using these monoclonals. A more detailed 
discussion on the antibody profile is available else¬ 
where^^. 

Recombinant products 

The genes for |3-hCG and a-oLH have been cloned and 
expressed in the following systems: vaccinia^^’^^ and 
baculovirus^"^"^^. The vaccinia-expressed products are 
fully glycosylated and identical to the native hormonal 
subunits. The baculovirus expression system has better 
yield but the products are partially glycosylated. In both 
cases, the p-hCG is immunoreactive with conformation 
reading monoclonals specific to p-hCG. The P-subunit 
can also bind with the a-subunit to generate bioactive 
hormone. More recently, Batra and Mukhopadhyay et al 
have expressed the P-hCG in E. coli with a higher yield 
(unpublished data). The peptide made has the same 
amino acid composition as the human p-hCG. It is, 
however, not glycosylated at all. The feasibility of using 
these subunits made by the recombinant techniques for 
vaccination purposes is being investigated. 

Live recombinant hCG vaccine 

A live recombinant vaccine has been made where p-hCG 
has been inserted in vaccinia along with a transmem¬ 
brane 48 amino acidvfragment^^. This vaccine is highly 
immunogenic in rodents. In monkeys sustained antibody 
response of long duration has been obtained after a 
single immunization with the recombinant vaccine, 
followed after several months by a plain booster in 
alum. Monkeys were rendered infertile during the phase 
of high antibody titre. 

This genre of vaccine is highly interesting. It is cost- 
effective, does not require adjuvant or carrier and can be 
made industrially by established technology. Vaccinia as 
a vector has been approved for a vaccine against AIDS. 
However, it may not be acceptable universally for 
contraception, to be practised by young healthy persons, 
as vaccinia can lead to undesirable virulence in a very 
small percentage of recipients, specially those who are 
immunocompromised. We are currently engaged in 
transferring the p-hCG-transmembrane cassette in an 
alternate vector, e.g. fowl pox virus. Fowl pox virus is 
species-restricted and does not replicate in humans, even 
though it expresses early proteins. 

Applications ofhCG vaccine in cancers making 
hCG 

Ectopic synthesis of hCG has been demonstrated in a 
variety of human malignancies, including lung cancers^^. 
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High circulating levels of hCG and its subunits are often 
used as biochemical markers of malignancy, and 
decreased levels often used as indicators of successful 
treatment. The function of the aberrant synthesis of hCG 
or its subunits has been studied in a human cancer cell 
line (ChaGo), established from a bronchogenic squa¬ 
mous cell carcinoma. ChaGo cells secrete predominantly 
the a-subunit of hCG. These cells were observed to lose 
their characteristic transformation phenotypes, including 
the tumourigenic potential in athymic mice, following 
the block of intracellular synthesis of a-hCG by 
antisense RNA^^. In contrast, the stimulation of a-hCG 
synthesis by c-AMP stimulated cell proliferation and 
cell progression into the S-phase. These observations 
provided indications on the autocrine growth-promoting 
role of a-hCG of maintaining the cells in a continuously 
proliferating state. When anti-hCG antibodies were 
passively administered to athymic mice bearing ChaGo 
cell-induced tumour, necrotic degeneration of the 
tumour was seen"^^. The antibodies were ineffective 
against non-a-hCG-producing tumours. Histological 
picture of anti-a-hCG antibody-treated tumour revealed 
progressive necrosis. In case the ChaGo cells were 
exposed to antibodies prior to implantation in addition 
to passive administration, a concentration-dependent 
inhibition of tumour growth was seen (Figure 7). In the 
highest dose group treated with 500 ng of anti-a-hCG 
antibodies, no tumour could be seen at any stage up to 
10 weeks of observation. Two more lung cancer cell 
lines of different histological type (H460 and H520), 
both known to synthesize and secrete a-hCG, have been 
tested in vitro and in vivo using anti-a-hCG antibodies. 
A concentration-dependent inhibition of growth was 
observed of both cell lines in vitro, and on the H460 
tumour in vivo in nude mice. The effect of the anti¬ 
bodies is thus evident on several human lung cancer cell 
lines. 

The non-small cell lung cancers making a- or p-hCG 
are currently not treatable by any of the available drugs. 
Based on the observation that the hormonal subunits act 
as autocrine growth promoters and antibodies inhibit the 
tumour growth, a trial with our recombinant vaccinia-p- 
hCG vaccine has been approved in Mexico. Three 
patients diagnosed on the basis of radiography, histo- 
pathology and P-hCG in circulation have been immun¬ 
ized. After 12-16 months, all were alive. None of the 
patients had evidence of metastasis. 

LHRH vaccine 

Luteinizing hormone releasing hormone (LHRH) or 
gonadotropin releasing hormone (GnRH) is a deca- 
peptide made by the hypothalamus. It controls the 
secretion of luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) from the pituitary. These in 
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Figure 7. Inhibition of tumour induction by anti-a-hCG antibody. ChaGo cells, 1x10*’ in 
0.5 ml of phosphate-buffered saline containing 50-500 ng of a-hCG antibody, were 
transplanted under the dorsal skin of athymic mice (three animals in each group). The control 
group was given transplants of the same amount of cells and an equivalent amount of normal 
goat serum (designated as 0 ng) of a-hCG antibody [a-hCG-ab]. Series of panels under A, B, 
C, D and E show tumour sizes photographed 2, 4, 6, 8 and 10 weeks, respectively, after 
transplantation of the cells with the indicated concentrations of the antibody. Pictures in all 
the panels correspond to the same animal in each group. 


turn act on the gonads, male or female, to generate 
sperms or egg and also sex steroid hormones. Immuno- 
activation of LHRH leads to impairment of fertility and 
failure to make sex steroid hormones, be it male or 
female. (LHRH is the same in both male and female.) 
Since the decapeptide has a conserved sequence in 
mammals, the anti-LHRH vaccine has applications in 
animal fertility control, in addition to humans. It can, for 
example, be used for suppression of estrus in dogs and 
cats. The effect can be caused not only by active immu¬ 
nization but also by passive administration of bioeffec¬ 
tive monoclonal antibodies'^V Immunization against 
LHRH can also be useful in animals raised for meat 
purposes, where suppression of androgens will have an 
impact on the quality of meat. 
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Design of the vaccine 

Native LHRH has neither amino nor carboxy group 
available for linkage to carrier. Nonetheless, chemically 
synthesized molecule can be planned to have one or the 
other of the group open. Ladd et al. have found that 
linkage of TT at N-terminal amino position gives a 
vaccine with higher immunogenicity than the one where 
conjugation is done at the carboxyl end'^^. The vaccine 
designed at Nil has adopted a different strategy, glycine 
at position 6 was substituted by D-lysine, which 
produced an analogue resistant to metabolic degradation 
in addition to creating an amino group for onward 
linkage to a spacer and diphtheria toxoid'^^ The vaccine 
thus created has higher immunogenicity than achieved 
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Figure 8. Structure of GnRH modelled by a knowledge-based 
approach"*^. Superimposed ribbon drawing highlights the type-III (3- 
turn in the hormone. Computer graphics generated using Quanta 
version 3.1. 


by linkages at amino or carboxy terminal positions'^. 
Knowledge-based computer graphic analysis of LHRH 
shows a bend in the middle of the molecule with the 
carboxy and amino terminal amino acids, proximating to 
each other"^^ (Figure 8). The folding of the molecule and 
the adjacent disposition of these are also supported by 
NMR. These two amino acids along with guanido group 
of arginine are believed to constitute the facet of LHRH 
interacting with the receptor on the target tissues. 


Applications of the LHRH vaccine 

The vaccine should find useful applications in animal 
fertility control, in particular, the domestic pets and the 
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Figure 9. Comparison of weights of prostates in rats immunized 
against LHRH-DT with- those of adjuvant-injected controls. 
Student’s /-test: bla = P < 0.001. (From Reference 49.) 



Figure 10. An illustration of prostatic atrophy in a LHRH-DT vaccine-immunized rat compared to 
the normal prostate gland in an adjuvant-injected control rat. (From Reference 49.) 
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animals for meat purposes. Its application in humans as 
a contraceptive vaccine would be in conditions where 
LHRH is physiologically low, e.g. following parturition. 
The vaccine given to women soon after delivery can 
extend lactational amenorrhoea. An agonist of LHRH 
was employed in women for keeping the ovulation sup¬ 
pressed for 11 months with no apparent ill effects"^^. 
Scientists at the Population Council Laboratories, New 
York, are working on a possible male fertility control 
with the LHRH vaccine. Rodents are rendered infertile 
by immunization with the LHRH vaccine, and their 
libido is restored by employing an androgen in a way 
that aspermatogenesis persists"^^. 

We have directed this vaccine for evaluation in pro¬ 
static hypertrophy. Male rats immunized with the LHRH 
vaccine became infertile and their testosterone decrea¬ 
sed to castration level. Accessory reproductive organs, 
in particular, the prostate atrophied markedly (Figures 9 
and On decline of antibodies and in the absence 

of booster immunization, the prostate regenerated, 
attaining near about the normal size. It is still not clear 
as to whether the regenerated prostate has the charac¬ 
teristics of a ‘young’ prostate. Were it to be so, this will 
be a marvellous way to do away with the ‘old’ prostate 
and let it be replaced with a prostate with ‘young’ 
characteristics. An anomalous situation is the unregula¬ 
ted growth of prostate with age in contrast to the regres¬ 
sion and atrophy of several other tissues. 

Immunizations with anti-LHRH vaccine of bonnet 
monkeys too resulted in atrophy of the prostate gland"^^. 
Atrophic changes were also observed in other accessory 
sex organs and testes. The circulating level of testo¬ 
sterone declined as the anti-LHRH antibody titres 
increased. 

Clinical trials in patients of prostatic 
adenocarcinoma 

After due toxicology, drug regulatory and ethical 
approvals, the LHRH vaccine has gone for clinical trials 
in prostatic adenocarcinoma patients in two centres in 
India and at one in Austria. The LHRH vaccine of 
Population Council, New York, is on similar clinical 
trials in USA with the approval of FDA. 

The experience at this stage is that with the rise of 
antibody titres, the testosterone level declines. Ultra¬ 
sound and CAT-scan have shown in many patients a 
regression of prostatic tissue mass accompanied by 
clinical improvement. The effect is, however, not 
observed in all patients. This could be either due to the 
deficiency of antibody titres achieved in these patients 
or, alternatively, due to the fact that all prostatic 
adenocarcinomas are not androgen-dependent. The 
vaccine, therefore, requires further developments, like 
improvement of immunogenicity with an appropriate 
adjuvant. Its incorporation in microspheres can help 
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Figure 11. Histomorphology of a rat testis rendered aspermic b> 
injection of BCG (A) compared to a testis from a saline-injected rat 
(a) with normal histomorphological features. (H&E x 100) 


sustain antibody titres over a long period, necessary for 
immunotherapy. There will also be the requirement 
of a companion approach, which can address to andro¬ 
gen-independent prostatic growth. Paracrine/autocrine 
growth factors made by hyperplastic and hypertrophied 
prostatic cells deserve attention. The synthesis of 
several of these, including c-neu/HER-2, is increased in 
these tissues^®. Carcinoma of the prostate is the second 
biggest killer of males amongst the cancer-related 
deaths. 

Male fertility control by CMI approach 

Immunological approaches may be particularly suitable 
for male fertility control. Moudgal et al^^ are working 
on an FSH vaccine. An alternate approach would be to 
exploit the in-built developmental potential of selective 
immunosuppression of spermatogenesis by cell-media¬ 
ted immune response. Several proteins whose onto¬ 
genesis takes place in pubertal years are ‘foreign’ to the 
body’s immune system, whereas Leydig cells making 
testosterone are recognized as ‘self’, as these are 
present and functional at the fetal stage. Talwar et alf^ 
induced aspermatogenesis without decline of testo¬ 
sterone or libido by injection of a suspension of BCG 
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(Bacillus Calmette Guerin) (Figure 11). The effect was 
caused in every mammal investigated, e.g. rodents, dogs, 
ram and monkeys^^’^"^. The effect was reversible and 
spermatogenesis was regained with time. Suri and his 
co-workers at this institute have kept on observation 
several monkeys who have been repeatedly made 
infertile by injection of BCG in the epididymis. In the 
phase when sperms reappear, the fertility is confirmed 
by mating and by the ability of the monkey to sire a 
progeny. In none of the monkeys are any antisperm 
antibodies detected in the circulation. Thus, the action is 
not mediated and exercised by antibodies. The action is 
highly localized and can even be obtained unilaterally in 
one testis without consequences on the other non- 
immunized testis. 

Following these leads made 15 years back, a more 
recent and a more elegant achievement has been the 
possibility of inducing the same effect, e.g. aspermato¬ 
genesis, without reduction of testosterone, by injecting 
purified neem seed extract into the vas deferens^^. 
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New leads in contraception and innovations in 
existing contraceptive methods 
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One quarter of the world population are women in the 
ages of 15 to 49 years and approximately 70% of these 
are coupled to men in an established relationship, most 
commonly marriage. It is estimated that 40-50% of 
these 800 million couples control their family size using 
modern contraceptive methods. 

Current methods can be broadly classified into: 
behavioural, hormonal, intrauterine devices, barriers to 
sperm and sterilization. The percentage of contracepting 
couples using each method is shown in Table 1. 

Female sterilization which reflects the decision of the 
woman to have no more children for the rest of her life 
remains at the top of the list with 26% of all contra- 
ceptors choosing this method. Considering that the 
reproductive life span of the woman extends from the 
ages 15 to 49 years, that the age at marriage is close to 
20 years and that the size of the family is decreasing and 
progressively approaching replacement level, it is under¬ 
standable that for a significant proportion of women a 
definitive non-hormonal method is preferred after com¬ 
pleting the desired family size. 

Efforts to increase the variety of methods, their 
availability and the quality of their service delivery 
continue to be fundamental to expand contraceptive use 
to the level required for stabilizing the human popula¬ 
tion at the earliest possible time during the next century. 
As the rate of population growth is beginning to decline 


other motivations for contraceptive usage are getting 
increased recognition and contraceptive development 
begins to focus more and more on the needs of indivi¬ 
duals and couples. Thus, a new generation of methods 
that can increase the choices and meet the diversity of 
needs that suit the gender, the different ages, the life 
styles and so on is much needed. Development of a 
larger variety of contraceptive methods is expected to 
lead to safer, more convenient and more affordable 
methods. 

Regardless of population issues, the existing trend 
towards smaller family size is likely to be irreversible 
and implies that the use of contraceptive methods will 
be a common and widespread feature of human life from 
now on. Given this expectation, family planning should 
become an obligatory subject in general education and 


Table 1. Worldwide prevalence of use of various 
contraceptive methods 


% 

Female sterilization 

26 

Intrauterine devices 

20 

Behavioural 

15 

Oral contraceptives 

14 

Male sterilization 

10 

Condoms 

10 

Others 

5 
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standards of quality for service delivery of contraceptive 
methods and allied health care provision should be 
developed for worldwide implementation. 

Until recently most contraceptive products resulted 
from opportunistic developments based on serendipity 
rather than from strategic planning that started from 
basic science. However, future contraceptive develop¬ 
ment should use new technology, both to identify mole¬ 
cules or processes which are specific of reproductive 
entities and to find ways to intercept their functioning. 
The strategic planning should consider also the repro¬ 
ductive health issues as well as the user and service 
perspectives. 

The most recently introduced method for women 
called NORPLANT^, is a multiunit device that releases 
levonorgestrel for several years once it is implanted 
under the skin (Figure 1) and offers greater than 95% 
protection for five years. The excellent acceptability of 
this long-term method of hormonal contraception, with 
over one million users worldwide since its introduction 
in 1983, has prompted the development of other 
implantable single unit devices using other progestins as 
well as a simplified version of NORPLANT^ , called 
NORPLANT-2 (ref 1). 

Two other hormonal methods for women just being 
introduced are the monthly injectable preparations 
called Cyclofem and Mesigyna which contain a pro¬ 
gestin and an estrogen. Data from phase III clinical stu¬ 
dies encompassing over 40000 woman-months of use 
with each of these products indicate they have a high 
contraceptive efficacy with pregnancy rates at 12 
months in the vicinity of 0.2-0.4 per cent^. 



Years 


Figure 1. Levonorgestrel plasma levels over a time span of eight 
years in women who received a single administration of NORPLANT 
subdermal implants. In field use, satisfied users have the implant 
removed at five years and replaced for a new set if they wish to 
continue using this method. This figure illustrates the ability of this 
system to achieve long-term, sustained release of the active 
substance without precedent in the history of therapeutic systems 
other than the release of copper from intrauterine devices (from 
Croxatto^). 



Figure 2. Nestorone serum levels in two volunteers after spreading 
acetylated lanolin containing 100 or 10 mg of steroid over 100 cm" 
on the submandibular skin. Serum levels of the steroid remain far 
above the concentration required to inhibit ovulation in women and 
illustrate the feasibility of using percutaneous absorption of steroids 
for contraceptive use (from Croxatto and Zepeda"*). 


Among the hormonal methods which are under 
development one delivers progesterone, the natural 
progestin, from a vaginal ring and it is specifically 
designed to be used by postpartum women during the 
period of lactation. This treatment prolongs the duration 
of amenorrhea and carries no risk for the child^. 

Another potential method in an early phase of 
development uses a synthetic progestin, called Nesto¬ 
rone, which is absorbed through the epidermis and can 
be administered applying a cream or lotion on the skin 
(Figure 2). Continuous daily administration of this 
formulation inhibits ovulation"^. Because it is an estro¬ 
gen-free method that bypasses the gastrointestinal tract, 
it is under user control and its application is more 
pleasant than introducing and removing devices from the 
body, getting injections or even taking a pill, it offers 
specially attractive features for a segment of users. 

Antiprogestins which have been found to inhibit 
follicular and endometrial maturation, at daily doses 
several hundred-fold lower than the current dose used to 
terminate pregnancy, are being tested in several dif¬ 
ferent schemes for contraceptive application^"^. Among 
them are: a) The continuous daily administration of a 
minidose that will make the endometrium inimical to 
implantation of the embryo, without disturbing the 
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Figures. Growth of the dominant follicle in women treated at the 
arrow with 5 mg of the antiprogestin RU486 or placebo. Note that 
the dominant follicles cease to grow under the effect of RU486 and 
this effect can be used to prevent or postpone ovulation (from 
Croxatto and Salvatierra, unpublished). 


ovarian cycle, b) An antiprogestin-progestin sequential 
regimen that will inhibit ovulation. This method has the 
potential to decrease the number of menstrual periods 
per year by one half to one quarter, depending on how 
long the antiprogestin treatment is maintained before 
switching to the progestin, c) A weekly pill containing a 
higher dose than in the above schemes that will disrupt 
follicular and endometrial maturation, d) A once a 
month pill compounded with a prostaglandin to be taken 
near the end of the cycle to work as a menses regulator 
or inducer, e) A postcoital pill for emergency contra¬ 
ception. 

A promising breakthrough in female sterilization 
procedures is the possibility of medical sterilization 
using intrauterine administration of quinacrine. The 
introduction of slow-release quinacrine pellets in the 
uterine cavity leads to permanent obliteration of the 
utero-tubal junction. Since this is an outpatient pro¬ 
cedure comparable to an lUD insertion it should offer 
great programmatic advantages over surgical sterili- 
zationl Although the final form of this method still 
needs to be worked out and some toxicological concerns 
also require to be addressed, its potential benefits are 
worth the effort. 

Hormonal methods under development for male use, 
based on inhibition of spermatogenesis, are now more 
likely to succeed. The choice of methods to suppress 
GnRH secretion or action has expanded from steroids 
through potent GnRH-analogues that shut down gonado¬ 
tropin secretion up to immunoneutralization by vaccina¬ 


tion against GnRH. The associated reduction in testo¬ 
sterone production, the main drawback of these 
approaches, can now be overcome in a more acceptable 
manner by the availability of long-acting testosterone 
analogues that require less frequent administration. 

Vaccination against molecules which play an essential 
role and are specific to the reproductive process is 
another approach that has received much attention for its 
potential use in male and female contraception. Vaccin¬ 
ation against human chorionic gonadotropin (hCG), the 
only contraceptive vaccine tested so far in humans, has 
reached phase II clinical trials in India and Sweden. 
Although there are multiple possibilities for this 
approach, turning the idea of contraceptive vaccines into 
practical methods depends very heavily on technical 
improvements in biomolecular engineering and more 
profound understanding of the factors governing the 
immune response and its wide interindividual variation^. 

A concerted effort of international organizations, 
donors, research groups, industry, governments, NGOs 
which represent users and health care personnel perspec¬ 
tives, and educators is required now to assure the per¬ 
sonal reproductive health of the people of tomorrow. 

The generation of a wider range of contraceptive 
methods to suit individual needs, improvements in the 
quality of service delivery and users education, concern 
and appropriate legislative steps by governments to 
reduce risk-factors affecting reproductive health are 
among the most obvious multidisciplinary macroprojects 
that need to be boosted. 
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Praneem polyherbal cream and pessaries with 
dual properties of contraception and alleviation 
of genital infections 
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We describe here a polyherbal preparation, which 
can be used as cream or pessary. Its formulation has 
potent spermicial action in vitro and its contraceptive 
efficacy is high in rabbits and monkeys. It has in 
addition, anti-microbial action on Chlamydia tracho- 
matis^ Candida albicans and Gardenerella vaginalis^ 
amongst the vaginal pathogens tested in vitro in 
course of Phase I clinical trials conducted in India 
and abroad with this formulation. 


Women groups have expressed their highest preference 
for the barrier methods (condoms, spermicidal prepara¬ 
tions) for contraception. These demand no systemic 
intake and are used periodically as and when necessary. 
R&D worldwide is seeking to improve the quality and 
characteristics of condoms with respect to its resistance 
to rupture, thinness to provide optimal sensitivity and 
colour to make it attractive. A female condom has also 
been devised which is under clinical trials. Amongst the 
spermicidals, the most widely used preparations employ 
Nonoxynol-9, a potent detergent, as the principle active 
compound. Nonoxynol-9 has high spermicidal activity 
but has also been found to cause inflammatory reaction 
and irritation upon repeated use. It has a lethal effect on 


HIV in vitro, but clinical studies in Kenya with pre¬ 
parations containing N-9 have given unexpected results 
on lack of efficacy of the preparation in prevention of 
heterosexual transmission of the infection^ A cream 
‘consap’ containing reetha saponins as spermicial agent 
has also been made by Setty et al? at CDRI, Lucknow. 
We discuss here the properties of a polyherbal prepara¬ 
tion containing three ingredients, namely, purified 
extract of neem (Praneem), quinine hydrochloride and 
saponins extracted from the pericarp of Sapindus 
mukerrossi. These ingredients have synergistic action on 
killing of sperms (Table 1). They also have simul¬ 
taneous antimicrobial and antifungal action on several 
pathogens of the genital tract. The cream and other 
formulations made from the same ingredients are under 
clinical trials in India and also in four countries abroad. 
The findings of these trials are briefly reviewed. 

Preparation 

Praneem polyherbal cream contains purified extract of 
neem seeds (Praneem), quinine hydrochloride and sapo¬ 
nins from reetha, dispensed in a water-washable cream 
base. The cream is prepared using pharmaceutically 


Table 1. Spermicidal activity of components of Praneem polyherbal cream 


Component 

Initial concentration 
(mg/ml) 

Highest spermicidal 
dilution 

MEC 

(mg/ml) 

Praneem 

250 

Neat 

250 

Reetha saponins 

10 

22 ±2.9 

0.508 ±0.05 

Quinine HCl 

30 

10± 1.2 

3.46 + 0.30 

Combination 

Praneem 

250 


3.47 

Reetha saponin 

10 

72 ±8 

0.138 

Quinine HCl 

7.5 


0.104 

Nonoxynol-9 

10 

64+10.5 

0.186 + 0.03 


*For correspondence 
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Figure 1. Praneem polyhedral cream and applicator. 


acceptable ingredients and stabilizers. An essential oil is 
added to mask the unpleasant odour of the neem 
extract^. An applicator is provided to dispense a mea¬ 
sured quantity of the cream (Figure 1). 

Spermicidal properties 

These preparations have been tested by Sander Cramer 
slide test"^. Each one of the three ingredients has spermi¬ 
cidal action. In combination, the total killing of sperms 
within 20 s was achieved at a lower concentration^. The 
ability of the ingredients to modify the properties of 
cervical mucus was tested by one end test (GET). 
Praneem at a concentration of 10% has high potency to 
modify the mucus and inhibit the penetration of sperms. 
Double end test^ (DET) has also been performed for 
each one of the ingredients individually and in combi¬ 
nation to arrive at complementary traits of these ingre¬ 
dients for exercising sperm killing and permeation in the 
cervical mucus. 

Contraceptive efficacy 

The ingredients used either in liquid form or as cream 
were highly effective in preventing pregnancy in rabbits^ 
(Table 2). Both the liquid and the cream were also effec¬ 
tive in post coital tests in bonnet monkeys and baboons. 
Baboons mated in mid-cycle with males of proven ferti¬ 
lity did not conceive after application of the prepara¬ 
tion. 
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Safety 

Acute and sub-acute toxicity studies were carried out on 
the polyherbal cream at the Postgraduate Institute of 
Medical Education and Research, Chandigarh. The data 
in 2 species, namely rodents and monkeys, show the 
safety of the preparation and lack of side-effects. The 
toxicology data have been approved by the expert 
committee of the Indian Council of Medical Research. 
Also, the standard Draize test on normal and abraded 
skin of rabbits, 21-days cumulative skin sensitivity test 
in human volunteers and 14-days cumulative vaginal 
application in rabbits did not reveal any irritation or 
sensitization with the cream^ 

The antimicrobial action 

The ingredients, individually and in combination, have 
been evaluated for their action on clinical isolates of 
Candida albicans. One of the ingredients and the total 
formulation inhibited completely the growth of Candida 
on agar. Another ingredient was strongly reactive 
against 11 isolates of Staphylococcus aureus. These iso¬ 
lates were resistant to four or more antibiotics. The 
growth of S. aureus in culture was completely inhibited 
below the concentrations employed in the cream. One of 
the components of the formulation has also been tested 
for the effect on Gardenerella vaginalis., where it 
exhibits potent antiparasitic effect at lower concentra¬ 
tions than those employed in the formulation. 

Clinical trials 

With the approval of the Drug Controller of India and 
Ethical Committee of the Institution, Phase I clinical 
trials were conducted with the polyherbal cream at 
Safdarjung Hospital, New Delhi, in patients with 
abnormal discharge due to genital infections^. The 
subjects were asked to apply 5 ml of the cream every 
night for 7-14 days. After clinical examination, swabs 
were taken for detection of five commonly encountered 
pathogens, namely. Chlamydia trachomatis, Neisseria 
gonorrohoea. Trichomonas vaginalis, Gardenerella 
vaginalis and Candida albicans. The patients reported 
to the clinic on the 8th day for clinical examination as 
well as for microbiological investigations. The cream 
was highly effective in patients with C. trachomatis 
infection, its clearance from cervicovaginal region was 
observed in every case examined in this hospital. 
Patients with vaginitis due to Candida were also bene¬ 
fited clinically in trials in Delhi. However, most of them 
remained culture-positive. In contrast to these obser¬ 
vations, Vivian Brache and Frank Alvarez at Santo 
Domingo, Dominican Republic, observed both clinical 
and microbiological improvement in 5 out of 6 patients 
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Table 2. Contraceptive efficacy of praneem polyherbal cream is rabbits 


Time elapsed between 
application and mating 


No. of cycles studied 


Percentage 

conception 

Total 

Fertile 

Infertile 

Experimental group 

10 min 

5 

0 

5 

00 

30 min 

23 

0 

23 

00 

60 min 

14 

1 

13 

7.0 

90 min 

7 

2 

5 

28.6 

12 h 

4 

3 

1 

75 

Control group 

10 min 

2 

2 

0 

100 

30 min 

9 

8 

1 

89 

60 min 

3 

2 

1 

67 


having severe Candida infection, after 7 days of use of 
the cream. 

Paulo and Ladipo^^ at Bahia, Brazil, have carried out 
clinical chemistry, haematology and studied other 
parameters in subjects before and after 7 daily appli¬ 
cations of the cream. The treatment did not produce any 
significant variation in these values. The cream was well 
tolerated and no immediate or delayed adverse reactions 
were reported. More recently, Shaaban et al. at Assiut 
(Egypt) have extended the studies on polyherbal cream 
under the auspices of 'South-to-South Collaboration in 
Reproductive Health’. Twenty women with vaginitis 
were screened for viable microbial count. The most 
remarkable observation of Shaaban was a marked 
decrease in viable microbial count (from 10^^ to 10^) 
with seven applications. Clinical symptoms were also 
improved. 

Comments 

Neem seed extracts have a number of medicinally active 
ingredients. Amongst these are the components with 
spermicidal action^^’^“. The water-soluble polysac¬ 
charides are potent stimulators of y-interferon and other 
cytokines, which in turn have tumouricidal and antiviral 
activities'^. The extracts also contain, in the nonpolar 
fraction, compounds which activate local cell-mediated 
immunity. A single application in the uterus prevents 
fertility for several months without impairment of 
ovulation or change in sex steroid hormone levelsThe 
action is exercised by activation of phagocytic cells and 
by expression of MHC Class II antigens. The uterus 
becomes responsive to sperms, releasing locally the 
cytokines such as IFN and TNF, which in turn kill the 
sperms or the developing embryoQuinine hydro¬ 
chloride has a wide spectrum of action on microbes and 
viruses in addition to its spermicidal activity. Saponins 
from sapindus act as a detergent to potentiate the 
spermicidal action of the other two ingredients. The 


triple herbal formulation has thus better spermicidal 
action than any one of these ingredients used alone. It 
also embodies the desirable trait of reacting against 
genital pathogens. 

Recent studies indicate a strong action of this 
preparation against HIV also. These studies, however, 
are in vitro and have to await further testing in various 
systems as well as in in vivo models for transmission of 
AIDS, before conclusions can be drawn. While the 
polyherbal cream has ingredients with desirable pro¬ 
perties, one of its main drawbacks currently is the strong 
neem odour. Steps are being taken to improve fragrance 
and other cosmetic qualities of the preparation by using 
alternate base and delivery vehicles. 
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The zona pellucida (ZP) has generated considerable 
interest as a target for the immunocontraceptive 
vaccine, blocking pregnancy at pre-fertilization 
stage. Antibodies against porcine ZP3 have been 
shown to inhibit sperm-egg interaction. The immu¬ 
nological cross-reactivity among the various species 
of ZP glycoproteins, has led to the possibility of 
heterologous immunization. Recent studies in non¬ 
human primates using purified ZP components 
showed reversible infertility without side effects. 
More recently, peptide immunogens based on the ZP 
sequence, have become candidate contraceptive 
vaccines with the demonstration that the degly- 
cosylated ZP components can block fertility with 
reduced ovarian dysfunction. 


Keeping in view the present rate of growth, it is 
projected that the human population will cross 6.3 
billion mark by 2000 AD and 10-12 billion by 
2050 AD. Moreover, most of this population explosion 
would be in the developing world, further worsening the 
living conditions in these countries. This has necessi¬ 
tated the need to develop newer and safer methods of 
contraception. Vaccines regulating fertility are recent 
entrants in this field. Immunocontraception entails 
generating either humoral (antibody) or cell-mediated 
immune response (CMI) against the molecule(s) having 
a crucial role in the process of reproduction. An ideal 
immunocontraceptive vaccine should be (i) effective in 
preventing conception, (ii) potentially reversible, (iii) 
available in large quantities at reasonable expense, and 
(iv) free of any side effects. Such vaccines can act at 
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either pre- or post-fertilization stage. To design immu¬ 
nocontraceptive vaccines aimed at blocking at pre¬ 
fertilization stage, antigens pertaining to spermatozoa 
and egg are being investigated along with other candi¬ 
dates such as gonadotropin releasing hormone (GnRH) 
and ovine follicle stimulating hormone (oFSH). 
Amongst the egg antigens, zona pellucida has generated 
considerable interest^’^. The zona pellucida is unique 
among immunocontraceptive targets by virtue of its 
location within the female reproductive system, and 
represents a structure through which sperm must pass to 
fertilize the ovum. Moreover, the expression of zona 
pellucida genes is highly specific to the oocyte. 

Zona pellucida glycoproteins 

The zona pellucida (ZP), an acellular layer surrounding 
the mammalian oocyte and pre-implantation embryo is 
formed by the organization of 3-5 families of acidic 
glycoproteins in most of the species studied^. These 
have been separated by gel electrophoresis or column 
chromatography. Under non-reducing condition, sodium 
dodecyl sulphate polyacrylamide gel electrophoresis 
(SDS-PAGE) of murine ZP reveals three families of 
glycoproteins ZPl (200 kDa), ZP2 (120 kDa) and ZP3 
(83kDaA The human ZP shows ZPl (90-110 kDa), 
ZP2 (64-78 kDa) and ZP3 (57-73 kDa)^ The porcine 
ZP shows ZPl (80-90 kDa) and ZP3 (55 kDa)^. The 
porcine ZP under reducing condition resolves into ZPl 
(82 kDa), ZP2 (65 kDa), ZP3 (55 kDa) and ZP4 
(21 kDa). Porcine ZPl revealed immunological cross- 
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Figure 1. Two-dimensional SDS-PAGE of porcine solubilized 
isolated zona pellucida (SIZP). Isoelectric focussing is represented in 
the horizontal dimension and SDS-PAGE in the vertical dimension, 
a and b represent the acidic and basic ends respectively. The gel was 
stained with Coomassie blue. Arrow indicates the charge isomers of 
the 55 kDaZP3 glycoprotein. 


reactivity with ZP2 and ZP4, which do not share reac¬ 
tive epitopes amongst themselves, suggesting thereby 
that they are derived from reduction of disulphide bonds 
in ZPl. Porcine ZP3 family consists of a mixture of two 
biochemically and immunologically distinct glyco¬ 
proteins, ZP3a (core protein 37 kDa) and ZP3p (core 
protein 32 kDa). Two-dimensional gel electrophoresis 
shows that each family exists as several isoelectric 
species (Figure 1). The ZP3 family consists of 20 charge 
isomers with apparent PI values of 3.5-6.0. This charge 
heterogeneity has been attributed to differential 
glycosylation and not to the polypeptide backbone^. The 
carbohydrate content of ZP glycoproteins is 30-40%. 
Porcine ZP3a has 4 N-linked and 3 0-linked oligo¬ 
saccharides (OS) while ZP3P has 4 N-linked and 6 O- 
linked OS chains. The OS are of branched type, rich in 
sulphated polylactosamines. Purified ZP3a and ZP3p 
have been obtained following partial enzymatic deglyco- 
sylation by endo-p-galactosidase^ or by complete chemi¬ 
cal deglycosylation^. 

The ZP under electron microscope shows a lattice 
network with fenestrations showing an inner compact 
layer with small pores and outer loosely arranged layer 
with larger pores^’^®. The mouse ZP consists of 14- 
15 nm repeat of ZP2 and ZP3 molecules forming long 
filaments. ZPl is responsible for cross linking these 
filaments^ \ 

Sperm egg interaction: Role of zona pellucida 
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Figure 2. Schematic diagram to show various steps in the process of 
fertilization. Many sperm can bind to and penetrate the zona but only 
a single spermatozoa usually fuses with the ovum. 


reaction. Once a spermatozoa fertilizes an oocyte, sub¬ 
sequent binding of other sperm is inhibited as a result of 
the cortical reaction. 

These events have been extensively explored in the 
mouse model^\ Purification of each ZP glycoprotein to 
homogeneity and evaluation of its function has revealed 
that ZP3 is the sperm receptor. Purified ZP3 from 
ovulated eggs can induce the acrosome reaction in 
capacitated sperm. However, ZP3 from fertilized eggs 
cannot induce the acrosome reaction, suggesting modi¬ 
fication of the sperm receptor following fertilization, 
conversely acrosome reacted sperm do not bind to ZP3. 
The continued binding and penetration has been 
attributed to the secondary sperm receptor, the ZP2, 
which binds preferentially to the acrosome reacted 
sperm. ZP2 also acts as the substrate for the action of 
the proteolytic enzymes following the cortical reaction. 
Wassarman has proposed that following fertilization, 
proteolysis of ZP2 results in the formation of small 
molecular weight fragments which do not dissociate but 
remain non-covalently bound^^ This increase in non- 
covalent interactions make ZP resistant to proteolytic 
cleavage and acts as a protective barrier. The exact 
function of ZPl is as yet unidentified, but it probably 
contributes to the structural integrity of the ZP. In 
porcine gamete interactions, ZP3a is described as the 
primary ligand for sperm binding 


The interaction between the sperm and the oocyte 
initiates a complex cascade of events leading to ferti¬ 
lization and formation of the embryo (Figure 2). The 
acrosome intact capacitated sperm penetrates the layers 
of cumulus cells and adheres loosely to the outer layer 
of ZP. Shortly thereafter, the contact becomes more 
tenacious and the sperm undergoes the acrosome 
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Zona pellucida genes: tissues specific expression 

The genes encoding ZP2 and ZP3 are conserved among 
mammals. Mouse ZP2 and ZP3 genes are single copy 
genes on chromosomes 7 and 5, respectively. These 
genes are expressed uniquely in the oocyte and the 
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products accumulate in the oocyte over a two-week 
gro^vth phase prior to ovulation. ZP2 and ZP3 genes are 
co-ordinately expressed and maximum levels of trans¬ 
cripts during the growth phase of the oocyte represent 
1% and 0.4% of Poly A(+) RNA respectively. In the 
latter stages of development of the oocyte, the transcript 
decreases and by the time the ovum is ovulated, 
transcripts are present only at around 5% of the peak 
level. A few transcripts detected in the ovulated egg are 
shorter by 200 bp, lacking the poly(A) tail, which 
affects their translation. A comparison of the 300 bp 
upstream sequence indicates the presence of 5 conserved 
elements (I, IIA, IIB, III, IV) which are 4-12 bp long, at 
comparable distance from the transcription initiation 
site. Studies have demonstrated that the 12 bp element 
IV is both necessary and sufficient for tissue specific 
expression of a reporter gene. A protein binding to this 
sequence has been identified by the gel-retardation assay 
in extracts of oocyte but not in other tissues 

The genes for various ZP proteins from different 
species have been cloned. Mouse ZP3 gene is 8.6 kbp 
and has 8 exons (92-338 bp) and seven introns (125- 
2320 bp)^^’^^. It is transcribed into a 1317 nucleotides 
ZP3 mRNA and also has short 5' (29 nucleotides) and 3' 
(16 nucleotides) untranslated regions. Mouse ZP2 spans 
12.1 kbp having 18 exons ranging in size 45-190 bp and 
17 introns (81-1490 bp), and is transcribed into a 2201 
nucleotide mRNA with short 5' (30 nucleotides) and 3' 
(32 nucleotides) untranslated regionsHuman homolog 
of ZP2 gene is 13 kbp (19 exons), while ZP3 gene is 
18.3 kbp (8 exons). The mouse and human ZP2 mRNA 
encode proteins of 713 and 745 amino acids respec¬ 
tively. The predicted hydropathicity and a-helical 
content of the two proteins are similar^^. The mouse and 
human ZP3 mRNAs both encode proteins of 424 amino 
acids and have predictable signal peptidase cleavage 
sites, 22 amino acids from the N-terminus. The mouse 
protein contains six N-linked glycosylation sites and the 
human contains four, three of which are conserved 
between mouse and human. There are over 70 potential 
O-linked glycosylation sites in mouse ZP3 and 66 in the 
human^^’^^’^^. Both ZP2 and ZP3 have a hydrophobic 
domain at C-terminus consisting of 23 and 26 amino 
acids respectively, which may play a role in intracellular 
trafficking of these secreted proteins or their inter¬ 
actions in the extracellular matrix. 

The comparison of human ZP3 to mouse and hamster 
ZP3 reveals a 60% sequence homology^^’^^. The simi¬ 
larity between mouse and hamster ZP3 is around 81%. 
Whereas the primary amino acid comparison of human 
ZP3 to marmoset ZP3 yields a homology of 91% and 
disparity between these proteins is confined to widely 
dispersed changes in one or two amino acids, with the 
exception of the polypeptide chain spanning residues 
322-352 in which the homology is reduced to 45% (refs. 
15, 21) (Figure 3). Human ZP3 and porcine ZP3 have 


HUMAN MELSYRLPICLLLWGSTELCYPQPLWLLQGGASHPETSVQPVLVECQEAT 50 

MARMOSET MELSYRLFICLLLWGSTELCYPQPLRLLQGGTSHPETALQPVWECQEAT 50 

HUMAN LMVMVSKDLFGTGKLIRAADLTLGPEACEPLVSMDTEDWRFEVGLHECG 100 

MARMOSET LWTVSKDLFGTRKLIRAVDLTLGPEGCEPLVSTDTEDWRFEVGLHECG 100 

HUMAN NSMQVTDDALVYSTFLLHDPRPVGNLSIVRTNRAEIPIECRYPRQGNygS 150 

MARMOSET NSMQVTDDALVYSTFLLHDPRPVGNLSIVRTNRAEIPIECRYPRRGNVSS 150 

HUMAN QAILPTWLPFRTTVFSEEKLTFSLRLMEENWNAEKRSPTFHLGDAAHLQA 2 00 

MARMOSET QAILPTWLPFRTTVFSEEKLTFSLRLMEENWSTEKRTPTFHLGDVAHLQA 2 00 

HUMAN EIHTGSHVPIRLFVDHCVATPTPD ONAS PYHTIVDFHGCLVDGLTDASSA 2 5 0 

MARMOSET EIHTGSHVPLRLFVDHCVATPTPDQNMPYHTIVDFHGCLVDGLTDASSA 250 

HUMAN FKVPRPGPDTLOFTVDVFHFA NDS RNMIYITCHLKVTLAEQDPDELNKAC 3 00 

MARMOSET FQAPRPRPDTLOFTVDVFHFANDSRNMIYITCHLKVTLASQDPDELNKAC 3 00 

HUMAN SFSKPSNSWFPVEGPADICQCCNKGDCGTPSHSRRQPHVMSQWSRSASRN 3 50 

MARMOSET SFSKASNSWFPVEGPADICQCCSKGDCGTPSHARRQPHWSLGSGSPARD 3 50 

HUMAN RRHVTEEADVTVGPLIFLDRRGDHEVEQWALPSDTSWLLGVGLAVWSL 4 00 

MARMOSET RRHVTEEADVTVGPLIFLDRTGDHEMEQWALPADTSLLLLGTGLAWALL 4 00 

HUMAN TLTAVILVLTRRCRTASHPVSASE 424 

MARMOSET TLTAVILVLTRRCRTASLPVSASE 4 24 

Figure 3. Comparison of the primary amino acid sequences of 
human (GenBank data base, accession no. M35109) and marmoset 
ZP3 (Thillai-Koothan et Potential N-linked glycosylation sites 
are underlined. 

about 67% homology (Yurewicz, unpublished obser¬ 
vation). Despite the conserved amino acid structures of 
the polypeptide core, differential glycosylation leads to 
considerable heterogeneity in the molecular mass of the 
secreted product, giving an apparent molecular weight 
of 83 kDa for mouse ZP3 and a spectrum of charge 
isomers ranging from 50 to 60 kDa for human and 
hamster ZP3 (refs. 22, 23). Taken together, these data 
suggest that the overall structure of the zona genes and 
their gene products are relatively conserved among 
mammals. 

Fertility control by immunization with zona 
pellucida 

Antibodies to crude porcine ZP preparations reacted 
with zona of mouse, rat, rabbit, dog, monkey and human 
with an increasing degree of cross-reactivity""^. The 
immunological cross-reactivity among the various ZP 
glycoproteins, due to sequence homology has led to the 
possibility of heterologous immunization. Easy accessi¬ 
bility of porcine ovaries in large numbers from slaughter 
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Figure 4. Representative photomicrographs showing the ability of MAbs to inhibit binding of boar 
sperm to porcine oocytes in vitro. Monoclonal antibody MA-7 inhibited the binding of sperm to 
oocyte whereas MA-1 failed to do so. 


houses made porcine ZP a promising candidate for 
development of contraceptive vaccine. Polyclonal anti¬ 
bodies against porcine ZP3 have been shown to inhibit 
porcine sperm-egg interaction^^. Monoclonal antibodies 
(MAbs) against porcine ZP3a or ZP3p have been 
generated in our lab^^“^^. Some of these MAbs inhibit 
the binding of boar sperm to porcine oocytes in vitro 
(Figure 4). Inhibition in the sperm-egg interaction is not 
a function of the affinity of the MAbs but dependent on 
the epitope recognized by these^^. ZP3a, being the 
primary sperm receptor ligand in porcine gamete inter¬ 
actions, inhibition of sperm-egg interaction by MAbs to 
ZP3p may be due to either steric hindrance or ZP3p in 
its native conformation may also be involved in sperm 
binding. Interestingly, antibodies against porcine ZP3a 
and deglycosylated ZP3P (DGZP3p) in addition, also 
inhibit human gamete interaction^^. Koyoma et 
have shown that MAbs against porcine ZP4 also inhibit 
the binding of human sperm to human oocytes. 

Active immunization with various forms of zona 
pellucida glycoproteins leads to block in fertility which 
is either reversible or irreversible. Irreversible inferti¬ 
lity, though potentially useful in controlling animal 
population such as stray dogs, cats, mares^\ poses a 
major problem in human birth control strategies. 
Analysis of irreversible fertility reveals that intervention 
is not at the level of sperm-egg interaction but due to 
disruption of normal ovarian folliculogenesis. The 
ovaries showed complete absence of oocytes (primordial 
and developing) and granulosa/theca cells clusters 
without oocytes. Lymphocytic infiltration suggested an 
inflammatory response. Disturbances ranged from mild 
to severe depending on the species immunized and the 
zona immunogen used. It was observed for instance that 
immunization of rabbits with crude ZP preparation led 
to infertility^^. This infertility was irreversible and the 
animals also failed to show a normal follicular matur¬ 
ation in response to superovulation. Ovarian histology 
showed that the infertility was not due to intervention of 
sperm-egg interaction but rather to an inhibition of 
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follicular development. Immunization of cynomolgous 
monkeys with crude porcine ZP antigen rendered them 
infertile^^. The irreversibility and abnormal hormonal 
profiles associated with this immunization was ascribed 
to contamination of granulosa cell processes in the crude 
ZP preparations. The immune response so generated was 
directed against granulosa cell components as well as 
the zona pellucida leading to extensive ovarian dys¬ 
function eventually culminating in a presentation which 
was similar to premature ovarian failure. Studies carried 
out in our laboratory with female bonnet monkeys 
immunized with a purified porcine ZP3 (55 kDa) glyco¬ 
protein as well as ZP3 coupled to the beta-subunit of 
human chorionic gonadotropin along with adjuvants 
permitted for human use such as alum, muramyl di¬ 
peptide (MDP) and sodium phthalyl derivative of 
lipopolysaccharide (SPLPS) have indicated that ZP3 
immunization with permissible adjuvants could be used 
for immunocontraception^"^. All animals generated good 
antibody response and continued to have ovulatory 
cycles as indicated by the progesterone concentrations, 
remained infertile in presence of high anti-ZP3 antibody 
titres and showed no disturbance in cyclicity. Sub¬ 
sequent to decline in the anti-ZP3 antibody titres, out of 
eight animals immunized, four became pregnant and 
three continued the pregnancy to term (Table 1). The 
pups are now 12-18 months old and show normal 
growth parameters. Ovaries of animals that failed to 
regain fertility were examined for morphological chan¬ 
ges and none of them showed any signs of lympho¬ 
cytic infiltration or inflammation. Follicles at different 
stages of development were seen in all the ovaries. No 
significant reduction in the number of follicles or 
increase in the number of atretic/degenerating follicles 
was seen. 

Synthetic peptides as possible immunogens 

Efficacy of deglycosylated ZP components to block 
fertility with reduced ovarian dysfunction have promp- 
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Table 1. Duration of infertility' in bonnet monkeys (Macaca 
radiata) immunized with either ZP3 or ZP3-PhCG conjugate 


Antigen 

Animal 

number 

Duration* of 
antibody 
response^ 

Period of 
infertility* 

Remarks 

ZP3 

MRA356 

23 

42 


100 ng/ 

MRA 178 

9 

28 


injection 

MRA 283 

9 

32 



MRA 293 

10 

17 

Delivered 

ZP3-phCG 

MRA 47 

17 

19 

Delivered 

100-125 )ig/ 

MRA 49 

14 

47 


injection 

MRA 86 

15 

47 

Aborted 


MRA 130 

15 

22 

Delivered 


*Duration in months. 
'*'> 500 antibody units. 


Table 2. Characteristics of monoclonal antibodies against porcine 
ZP3aand ZP3p 


Monoclonal antibody against 
Characteristics - 


ofMAbs ZP3a ZP3P 


Carbohydrate/ 

28, 7 

10 

conformational epitope 



Sequential epitope 

420,421 

455, 467, 30 

Delay of trypsin 

420 

455, 467, 30 

mediated zona lysis 



Inhibition of sperm-egg 

28, 7, 420 

455,467, 30 


interaction 


ted investigations in the use of ZP sequence-based 
peptide immunogens as candidates for contraceptive 
vaccine. This was first demonstrated in a mouse model. 
Rat MAb against ZP3 capable of blocking fertilization 
in vitro and causing infertility on passive administra¬ 
tion^^ was mapped to amino acids 336-342 of the mouse 
ZP3 sequence. A sixteen amino acid long synthetic 
peptide (328-342) having this motif and coupled to 
keyhole limpet haemocyanin was used to immunize 
randomly bred Swiss mice. Immunization rendered the 
animals infertile for periods ranging from 1 to 9 months. 
More importantly, ovarian functions remained normal 
and following a decline in the antibody titres, the 
animals regained fertility^^. Subsequent experiments 
have shown that the same peptide in complete Freund’s 
adjuvant (CFA) given to (C57B1/6) x (A/J) FI progeny 
causes severe autoimmune oophoritis^^. The oophoritis 
could be transferred to normal adult mice of the same 
strain by CD4 + T cell transfer, proving that the ovarian 
injury was T cell mediated. By synthesizing truncated 
peptides in the region it was possible to identify B cell 
epitope (336-342) overlapping with a T cell epitope 
(330-338). 

Work in our laboratory has centered on delineating 
the epitopes recognized by MAbs generated against 
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porcine ZP3a and ZP3P (Table 2). The nature of the 
epitopes was determined using enzymatically and 
chemically cleaved and modified forms of ZP3, and 
antibodies recognizing conformational and sequential 
epitopes were identified^^. The relative distributions of 
the epitopic domains were determined by performing 
competitive enzyme-linked immunoassays (ELISAs) and 
a tentative arbitrary map of these distributions was gene¬ 
rated. 

Monoclonal antibodies against both ZP3a and ZP3p, 
and recognizing sequential epitopes, delayed trypsin- 
mediated zona lysis and also inhibited the binding of 
ZP3 to sperm membrane vesicle^^. One of the MAbs 
against ZP3p (MA-30), capable of inhibiting the porcine 
sperm-egg interaction in vitro was mapped to ~6 kDa 
fragment of tryptic digest of ZP3. Interestingly, poly¬ 
clonal antibodies raised against this fragment inhibited 
the porcine sperm-egg interaction in vitro^^. To pre¬ 
cisely localize the minimum binding motif of the MAbs 
of interest, ZP3p has been synthesized in the form of 
multiple peptides, 12 aminoacids in length, with an 
overlap of six aminoacids. These studies are in progress 
and are beginning to yield interesting results. Using 
aminoacid substitutions, the contact residues could be 
further determined. 

Concluding comments and future directions 

Despite safety concerns regarding disruption of ovarian 
functions, the ZP remains an attractive target for 
immunocontraception due to many reasons. The ZP 
glycoproteins are essential for reproduction and their 
immunological neutralization will lead to inhibition of 
fertilization. The developmentally programmed oocyte- 
specific expression of the ZP proteins rules out cross¬ 
reactivity with somatic and germ line cells making their 
targetting specific. Active immunization will demand 
generation of anti-ZP antibody titres sufficient to 
neutralize the zona covering on one egg per cycle. 
Availability of sequence information and MAbs capable 
of blocking sperm-egg interaction and recognizing 
linear epitope will facilitate the delineation of B-cell 
epitopes which when complexed with the respective 
antibody will inhibit fertility. Synthetic peptides 
corresponding to such B-cell domains and devoid of 
oophoritogenic T-cell epitopes can be employed as 
candidate antigens. 

Synthetic peptides corresponding to promiscuous 
T-cell epitopes of carrier proteins such as diphtheria 
toxoid and malaria antigen can provide the necessary 
T-cell help"^®. Expression of ZP proteins by recombinant 
DNA route, efficacy of recombinant proteins to regulate 
fertility"^^ will help in designing recombinant vaccines. 
As new and exciting information on the ZP are forth¬ 
coming at a rapid pace, it is hoped that the increase in 
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our understanding of fertilization process at a molecular 
level will help in the development of new effective 
contraceptive strategies. 
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Osteoporosis: Causes and consequences 

Brinda Wiita 

Solvay Pharmaceuticals, Marietta, Georgia, USA 


Postmenopausal osteoporosis is a major interna¬ 
tional public health problem. Painful and disabling 
fractures now affect approximately 50% of elderly 
people, and an increased incidence of fractures is 
predicted. Consequently there is an urgent need for 
therapeutic measures to prevent and treat osteo¬ 
porosis. 

Bone mineral density of the spine and hip is 
correlated with fracture risk. These non-invasive 
measurements indicate the balance of bone loss via 
resorption and bone gain via formation. Diet and 
exercise contribute to building and preserving strong 
bones. 

Osteoporosis may be prevented or treated by 
agents which retard bone resorption, such as estro¬ 
gens, calcitonin, and bisphosphonates, and forma¬ 
tion-stimulating drugs such as anabolic steroids and 
fluoride. 


Osteoporosis results from a series of events leading to 
significant bone loss and fragile, easily fractured bone. 
This silent disease affects a large number of women, and 
frequently goes undetected until one or more fractures 
occur. 

Signs of developing osteoporosis are decreased height 
and ‘dowagers hump’ as spongy vertebral bone is 
compressed. In older men and women, fractures tend to 
occur in the spine, hip and forearm. Fracture incidence 
is lower in men than women, probably because (a) men 
have higher peak bone density, (b) men lose less bone 
during aging, (c) men do not become hypogonadal 
during normal aging, (d) men sustain fewer falls. Pre¬ 
valence of fractures is also lower in men, probably due 
to their lower average life span^ Fractures are often 
painful and disabling in elderly people, and approxi¬ 
mately 50% of patients’ lives may be permanently 
altered, since they will never walk unaided after a hip 
fracture. Approximately 25% of these patients die within 
six months. 

The age-specific incidence of fractures is increasing^. 
The projected number of hip fractures worldwide by 
2025 is 1.16 million in men and 2.78 million in women. 
This will be most apparent in Asia^. Most non-hip 
fractures in the elderly are associated with considerable 
short-term disability; there are nearly 750,000 non-hip, 
non-spine fractures each year in the United States 
alone^. 

Low bone mass is a major contributor to skeletal 
fragility, but other factors intrinsic to bone and the 
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occurrence of falls and injuries are important. An 
important and independent risk factor for future frac¬ 
tures is the presence of existing or previous fractures. 
Gardsell et al^ showed that previous spine, wrist and 
hip fractures were independent predictors of future fra¬ 
gility fractures after adjusting for bone mass and falling. 
Improving muscle strength decreases the chances of 
falling and may contribute to fracture prevention. 

This article reviews the current state of knov/ledge on 
osteoporosis. 

Bone mineral density 

Bone mineral can be measured non-invasively using 
single- or dual-photon absorptiometry, dual-energy X- 
ray absorptiometry or quantitative computed tomo¬ 
graphy. Causes of osteoporosis and fractures are low 
peak bone density, excessive loss, or both. Multiple 
prospective studies of postmenopausal women have 
demonstrated associations between low bone density and 
fractures^. Fracture risk increases progressively, and 
approximately exponentially, with decreasing levels of 
bone mineral density. Women with average bone density 
have twice the fracture risk of women with bone density 

1 SD above the mean; those with bone density 1 and 

2 SD below the mean are anticipated to have fracture 
risks approximately two and four times greater than 
those with average bone density^. Bone mineral density 
of the femoral neck is a strong predictor of future 
fractures; bone density of the spine and radius are less 
strongly associated with the risk of hip fractures^. 

In adults, bone mineral density, which indicates bone 
fragility, is the result of a complex factorial equation 
involving factors including ethnic origin, diet, timing of 
menarche and menopause, physical activity and ovarian 
cyclicityRecently, Morrison et al}^ published sur¬ 
prising evidence that as much as 75% of the total 
genetic effect on bone mineral density in postmeno¬ 
pausal women could be predicted by common allelic 
variants in the gene encoding the vitamin D receptor, 
which is involved in bone metabolism. African racial 
origin is associated with stronger bone and increased 
resistance to osteoporosis^^. The racial difference 
becomes manifest at puberty; prepubertal black and 
white girls had similar vertebral bone mineral density 
but significant differences favouring greater mass in 
black girls became apparent as bone mass increased 
during puberty^^. Investigations of underlying differ- 
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ences in hormonal balance and bone metabolism may 
help in devising strategies to attain higher peak adult 
bone mass. 

Bone anatomy 

Most bone is cortical bone, which is the dense outer 
shell of the skeleton. In contains perforations called 
Haversian canals which allow the passage of cells and 
nutrients. Trabecular or cancellous bone is encircled by 
cortical bone and is a network of bony spicules called 
trabeculae. Trabecular bone comprises 20% of the 
skeleton and is found in the vertebral bodies and distal 
ends of long bones such as the radial head and to a 
lesser extent in the hip. Trabecular bone is a supporting 
structure which leaves significant room for hemato¬ 
poietic marrow tissueThe preferred objective of 
osteoporosis treatment and prevention is to increase the 
strength of trabecular bone and thereby to increase 
resistance to fractures. 


Bone metabolism and physiology 

Bone undergoes a constant cycle of resorption and 
formation. Each bone remodelling unit consists of osteo¬ 
clasts and osteoblasts. Resorption is carried out by 
osteoclasts, which originate in the bone marrow. Pre¬ 
cursor cells from the bloodstream collect at bone 
resorption sites and fuse to form multinucleated osteo¬ 
clasts which invade the bone surface and erode it, 
dissolving the mineral and matrix. Osteoblasts, the cells 
which form new bone, then arrive and lay down collagen 
and minerals. Osteoblasts are derived from precursor 
cells in the blood and migrate to areas where bone has 
been eroded by osteoclasts. Many osteoblasts become 
trapped in the bone matrix and survive as osteocytes. 
These osteocytes, which are found in mineralized 
lacunae, are stimulated by PTH and inhibited by calci¬ 
tonin to control the dissolution of bone calcium. Cal¬ 
cium is rapidly conducted from these lacunae to the 
bone surface and to extracellular fluids. 

Bone resorption and formation are tightly coupled 
processes which are kept in balance in healthy people, 
the net result being a constant amount of bone mineral in 
the body. This balance may be upset to favor a single 
process by diseases such as postmenopausal osteo¬ 
porosis, hyperthyroidism, hyperparathyroidism, and 
Paget’s disease. The rate of bone turnover can be 
indirectly assessed by measuring levels of urinary degra¬ 
dation products of bone collagen (pyridinoline and 
deoxypyridinoiine) and collagen (hydroxyproline) and 
serum levels of osteocalcin, a specific bone protein^^. 
Biochemical parameters help to monitor response to 
drug therapy and to differentiate rapid bone losers, who 
have a greater need for therapy, from slow losers. 


Diet 

Adequate dietary intakes of calcium and protein are 
essential for attainment of adequate peak bone mass and 
subsequent reduction of bone loss. It is not known 
whether high dietary calcium accelerates bone growth to 
peak mass or permits achievement of a higher mass. 
Estimates of optimal calcium intake for women are as 
follows: ages 2-8: 1000 mg/day; ages 9-17: 1600 mg/ 
day; ages 18-30: 1100 mg/day; postmenopause: 

1500 mg/day*®. 

Increasing daily calcium intake from 80% of the 
recommended daily allowance to 110% by admini¬ 
stering calcium citrate malate resulted in signi¬ 
ficant increases in vertebral spine and total body bone 
mineral density in adolescent girls. The increase per 
year among the supplemented group translates into an 
1.3% gain in skeletal mass per year during adolescent 
growth, which may provide added protection against 
fractures^^. 

The lifetime intake of caffeinated coffee is directly 
correlated with decreased bone mineral density in older 
postmenopausal women; the deleterious effect of 
caffeine was offset by milk consumption^^. Vitamin D 
supplements can offset the wintertime bone loss in 
postmenopausal women in northern latitudes who are 
subject to variations in sunlight exposure^^. 

Exercise 

Exercise plays an important role in preventing osteo¬ 
porosis by enabling an individual of any age (childhood 
to geriatric) to achieve greater bone mass. Inactivity and 
lack of weight bearing (mechanical loading, gravita¬ 
tional force) especially prolonged immobility due to 
illness, cause bone loss^^. 

Mechanical forces modulate bone mineral density 
around an individual’s genetically determined level, 
with increased regular vigorous loading and weight¬ 
bearing exercise resulting in bone mass improve- 
ments^^’^^. Bone mass is adjusted via a feedback loop; 
increased strains caused by muscular pull and gravity 
regulate the balance of bone loss and formation to 
increase bone mass; below-normal strains produce a 
signal to alter the balance in favor of bone loss. There is 
a constant relationship between muscle mass and skele¬ 
tal mass because total muscle mass:bone mass ratio 
remains fairly constant throughout life; the tendency to 
become sedentary as we age therefore may undermine 
the health and strength of our bones. 

Once osteoporosis develops, activity levels are likely 
to decrease because of pain, disability, and fear of 
further fractures. Carefully designed exercises are still 
useful in potentially reducing the rate of later fractures, 
and improving the self-image of the stooped individual 
by lessening the dowager’s hump. 
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The benefits of exercise are confined to the region 
where the exercise is practised, for instance, walking 
will not increase bone density of the radius^^ and bone 
mass frequently differs between dominant and non¬ 
dominant arms, in parallel with muscular strength. 
Whole body exercise is therefore necessary throughout 
an individuafs lifespan to build up bone mass until 
menopause or andropause and slow bone loss after that 
time. 

Bone loss induced by severe estrogen deficiency and 
progesterone insufficiency, as in amenorrheic girls or 
menopausal women, is not entirely compensated for by 
vigorous exercise; marked bone loss occurs as a conse¬ 
quence of the amenorrhea which frequently occurs in 
women during intense exercise training and weight 
reduction^"^. 

Medical management of osteoporosis 

Osteoporosis may be prevented or treated by agents 
which retard bone resorption,^such as estrogens, calci¬ 
tonin, and bisphosphonates, and drugs such as anabolic 
steroids and fluoride which stimulate bone formation. 

Hormone replacement therapy 

The effectiveness of estrogen replacement therapy in 
preventing and treating osteoporosis in postmenopausal 
women has been demonstrated in a number of clinical 
trials and epidemiological surveys. Protective effects on 
vertebral bone mineral density have been demonstrated 
for conjugated equine estrogens^^’^^, micronized estra- 
dioP, estrone sulphate^^’^^, estradiol pellets^^, and trans- 
dermal estradiol^ 

Estrogens may act directly on human bone cells 
through a classical receptor-mediated mechanism. 
Eriksen et demonstrated nuclear binding of estra¬ 
diol in human osteoblast-like cells in culture and identi¬ 
fied messenger RNA for the human estrogen receptor. 
Pretreatment with estradiol increased the specific nu¬ 
clear binding of progesterone in certain cell strains of 
these osteoblast-like cells, indicating that estrogens sti¬ 
mulated progesterone receptor synthesis in bone cells, 
similar to receptor induction in other estrogen target 
tissues. 

Many postmenopausal women stop taking estrogen 
therapy after a few months to a few years. Bone loss 
accelerates after estrogen withdrawal, either at the time 
of ovarian failure or upon discontinuation of estrogen 
treatment^"^’^^. In women who discontinue estrogens, the 
amount of bone ‘bought’ may be a multiple of the 
duration of estrogen use and the rate of bone loss in the 
slow loss phase which follows the rapid bone loss seen 
immediately after estrogen withdrawal. 

In amenorrheic women, severe deficiency of estrogen 
possibly enhanced by progesterone and androgen defi- 
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ciency often leads to trabecular bone loss and os 
penia . Progesterone alone prevented oophorectc 
induced bone loss in rats and increased bone forme 
parameters in rats^^. Gallagher et in a two- 
study comparing conjugated estrogens and medr 
progesterone acetate separately and in combinatio 
postmenopausal women, observed a synergism betv 
the hormones and potentiation of a low dose of estn 
by progestogen. 

Anabolic steroids 

Anabolic steroids significantly increase bone mil 
density and testosterone supplementation pre^ 
osteoporosis in hypogonadal men. Anabolic andro^ 
steroids are postulated to have a direct effed 
osteoblasts or their precursors and/or resorption-inI 
ing effects. Anabolic steroids given as monothe 
induce an unfavourable lipoprotein profile and sh 
not be given as long-term therapy. When combined 
estrogens, however, lipoprotein changes are gene 
beneficial (Watts et submitted for publication) 

Androgens combined with estrogens as menop 
hormone replacement therapy consistently increase 
mineral density. This has been observed for t 
sterone"^*^, methyltestosterone^^, and nandrolc 
Nandrolone combined with estrogens and proge 
increased bone mineral density in postmenop 
women significantly over three years of treatm 
Treatment with nandrolone alone also increased 
mineral in a small clinical study"^^. Stanozolol incn 
bone mineral density by 4.4% over 29 months i 
patients compared with 17 placebo-treated patier 
whom bone mineral density did not change"^^. Ana 
steroids such as nandrolone may attenuate accek 
post-withdrawal bone loss; Erdtsieck et obs 
that a statistically significant elevation in bone m 
persisted at the end of one year of hormonal wa 
following two years of treatment with nandrol 
estrogen + progestogen compared to estrogen + p 
stogen. 

Calcitonin 

Calcitonin directly suppresses the activity of ostec 
and also inhibits their recruitment. It has been is^ 
from a number of animal species and injectable s: 
and human calcitonin are commercial products. 

Daily intramuscular salmon calcitonin at a rek 
high dose (100 lU) has been shown to prevent bon 
and slightly increase bone mineral density in v 
with osteoporotic fractures'^. In healthy women ir 
menopause, a much lower dose (20 lU) of syi 
human calcitonin, given subcutaneously three ti 
week, was as effective as estrogens in preventing 
trabecular bone loss'^^. Intramuscular administrat 
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calcitonin is inconvenient and often unacceptable, and 
consequently intranasal calcitonin is being developed by 
pharmaceutical companies. Two studies of intranasal 
salmon calcitonin suggest that it may be efficacious in 
both the prevention and treatment of postmenopausal 
osteoporosis"^^’"^^. 

Bisphosphonates 

Bisphosphonates are stable analogs of pyrophosphate 
which bind to the bone surface, are incorporated into 
bone mineral, and inhibit osteoclastic activity. Disodium 
etidronate has been shown to increase vertebral bone 
mineral density in women with postmenopausal osteo¬ 
porosis in placebo-controlled studies conducted in 
Europe and the The incidence of fractures was 

significantly decreased in the European study which 
enrolled patients with less severe osteoporosis. Fracture 
incidence improved over the first two years of treatment 
in the US study, but there was an apparent increase in 
fractures in the third year and treatment has been 
extended for additional long-term observations. There is 
concern that long-term exposure to these drugs may 
suppress turnover to such a great extent that remodell¬ 
ing ability may be lost (senescent bone); however 
available animal and clinical data do not support this 
hypothesis^^. 

Alendronate and tiludronate are new and better tole¬ 
rated bisphosphonates which are currently under clinical 
investigation in large trials of osteoporosis prevention 
and treatment. 

Fluoride 

Fluoride appears to stimulate new bone formation by a 
direct action on osteoblasts. Both fluorosis and the 
therapeutic use of fluoride increase the numbers of 
osteoblasts, possibly by a direct mitogenic effect^^ The 
induction of synthesis of abnormal woven bone rather 
than normal lamellar bone indicates that osteoblast func¬ 
tion may be impaired by fluoride under certain condi¬ 
tions^^. Sodium fluoride increased vertebral bone 
mineral density^^ and may either increase^"^ or decrease^^ 
the incidence of new fractures. Differences between 
positive and negative studies may be attributed to the 
doses used and criteria applied to designate fractures. A 
major problem is the heterogeneous response to fluoride 
since only 30 to 40% of patients will exhibit an anabolic 
response^^. 

Upper gastrointestinal side-effects are common, 
particularly with non-enteric-coated tablets. Approxi¬ 
mately 25% of patients will develop pseudo-arthritic 
pains in the lower limbs, which usually disappear after a 
few weeks of therapy and may be avoided when 
resuming treatment by starting with a lower dose and 
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carefully monitoring serum fluoride and alkaline phos¬ 
phatase. 

Combined treatment and AFDR 

Activate, depress, free and repeat (AFDR) regimens or 
coherence therapy theoretically provide a means of 
increasing bone density to a greater extent than single 
treatments. Each cycle begins with a drug which 
stimulates bone formation, followed by an agent which 
depresses bone resorption. A free or untreated period 
follows, during which bone remodelling is postulated to 
increase. Then the cycle is repeated. Studies have used 
phosphate as the activating agent in combination with 
calcitonin or etidronate"^^’^^. 

Vitamin D and derivatives 

Effects of vitamin D and calcitriol (1,25-dihydroxy- 
vitamin D) on postmenopausal osteoporosis are variable, 
because of the narrow therapeutic-toxic ratio of calci¬ 
triol. In a multicenter placebo-controlled clinical trial of 
oral calcitriol in women with postmenopausal osteo¬ 
porosis, a center in New York reported a non-significant 
decrease in fracture rate in the calcitriol group^^ while a 
center in Seattle^^ observed a slight increase in fractures 
in the calcitriol group. This discrepancy has been 
explained by differences in dose titration and calcium 
intake by patients between centers, leading to variable 
responses. 

Calcium 

Adequate calcium intake by young adults is needed to 
attain higher peak bone mass, which will protect against 
development of postmenopausal osteoporosis. In older 
postmenopausal women, calcium supplementation had 
positive effects on bone^^. Calcium intake cannot 
counteract the rapid bone loss in early menopause, 
which is primarily due to estrogen withdrawal. Estrogen- 
dependent loss is self-limited^\ and bone loss once 
again becomes susceptible to environmental factors 
by three to six years after the onset of meno¬ 
pause^^. Calcium and vitamin D may be beneficial at this 
stage. 


1. Seeman, E., Am. J. Med., 1993, 95 (suppl 5A), 22S-28S. 

2. Melton, L. J., O’Fallon, W. M. and Riggs, B. L., Calcif, Tiss. 
Int., 1987, 41, 57-64. 

3. Cooper, C., Campion, G. and Melton, L. J., Osteoporosis Int., 
1992, 2, 285-289. 

4. Baillie, S. P., Davison, C. E., Johnson, F. J. and Francis, R. M., 
Age Ageing, 1992, 21, 139-141. 

5. Gardsell, P., Johnell, O., Nilsson, B. E. and Nilsson, J. A., 
Calcif. Tissue Int., 1989, 45, 327-330. 

449 



SPECIAL ISSUE ON 


6. Black, D. M., Cummings, S. R., Genant, H. K., Nevitt, M. C,, 
Palermo, L. and Browner, W., J. Bone Miner. Res., 1992, 7, 
633-638. 

7. Cummings, S. R., Black, D., Nevitt, M. C., Browner, W. S., 
Cauley, J. A., Genant, H. K., Mascioli, S. R., Scott, J. C., 
Seeley, D. G., Steiger, P. and Vogt, T. M., J. Am. Med. Assoc., 
1990,263, 665-668. 

8. Wasnich, R., Am. J. Med., 1993, 95 (suppi 5A), 6S-10S. 

9. Cummings, S. R., Black, D. M., Nevitt, M. C., Browner, W., 
Cauley, J., Ensrud, K., Genant, H. K., Palermo, L., Scott, J. and 
Vogt, T. M., Lancet, 1993, 341, 72-75. 

10. Lindsay, R.,Am. J. Obstet. Gynecol., 1992, 166, 1993-1996. 

11. Morrison, N. A., Qi, J. C., Tokita, A., Kelly, P. J., Crofts, L., 
Nguyen, T. V., Sambrook, P. N. and Eisman, J. M., Nature, 
1994,367, 284-287. 

12. Pollitzer, W. S. and Anderson, J. J., Am. J. Clin. Nutr., 1990, 
52, 181. 

13. Gilsanz, V., Roe, T. F., Mora, S., Costin, G. and Goodman, W. 
G., Ne\v Eng. J. Med., 1991, 325, 1597-1600. 

14. Kaltenborn, K. C., Clin. Obstet. Gynecol., 1992, 35, 901-912. 

15. Uebelhart, D., Schlemmer, A., Johansen, J. S., Gineyts, E., 
Christiansen, C. and Delmas, P. D., J. Clin. Endocrinol. Metab., 
1991,72,367-373. 

16. Heaney, R. P., Am. J. Med, 1993, 95 (suppi 5A), 29S-33S. 

17. Lloyd, T., Andon, M. B., Rollings, N., Martel, J. K., Landis, R., 
Demers, L. M., Eggli, D. F., Kieselhorst, K. and Kulin, H. E., 
J. Am. Med. Assoc., 1993, 270, 841-844. 

18. Barrett-Connor, E., Chang, J. C. and Edelstein, S. L., J. Am. 
Med. Assoc., 1994, 271, 280-283. 

19. Dawson-Hughes, B., Dallal, G. E., Krall, E. A., Harris, S., 
Sokoll, L. J. and Falconer, G., Ann. Intern. Med., 1991, 115, 
505-512. 

20. Donaldson, C. L., et al., Metabolism, 1970,19, 1071-1084. 

21. Krolner, B., Toft, B., Nielsen, S. P. and Tondevold, E., Clin. 
Sci., 1983, 64, 541-546. 

22. Dalsky, G. P., Stocke, K. S., Ehsani, A. A., Slatopolsky, E., Lee, 
W. C. and Birge, S. J., Ann. Intern. Med., 1988, 108, 824- 
828. 

23. Sandler, R. B., etal, Calcif. Tissue Int., 1987, 41, 65-69. 

24. Warren, M., J. Clin. Endocrinol. Metab., 1992, 75, 1393- 
1397. 

25. Weiss, N. S., Ure, C. L., Ballard, J. H., Williams, A. R. and 
Baling, J. R., New Engl. J. Med, 1980, 303, 1195-1198. 

26. Quigley, M. E. T., Martin, P. L., Burnier, A. M. and Brooks, P., 
Am. J. Obstet. Gynecol., 1987, 156, 1516-1523. 

27. Ettinger, B., Genant, H. K., Steiger, P. and Madvig, P., Am. 
J. Obstet. Gynecol, 1992, 166,479-488. 

28. Genant, H. K., Baylink, D. J., Gallagher, J. C., Harris, S. T., 
Steiger, P. and Berber, M., Obstet. Gynecol., 1990, 76, 579- 
584. 

29. Harris, S. T., Genant, H. K., Baylink, D. J., Gallagher, C., Karp, 
S. K., McConnell, M. A., Green, E. M. and Stoll, R. W., Arch. 
Intern. Med., 1991, 151, 1980-1984. 

30. Savvas, M., Studd, J. W. W., Fogelman, I., Dooley, M., 
Montgomery, J. and Murby, B., Br. Med. J., 1988, 297, 
331-333. 

31. Adami, S., et al. Bone Min., 1989,7,79-86. 

32. Lufkin, E. G., Wahner, H. W., O’Fallon, W. M., Hodgson, S. F., 
Kotowicz, M. A., Lane, A. W., Judd, H. L., Caplan, R. H. and 
Riggs, B. L.,Ann. Intern. Med., 1992, 117, 1-9. 

33. Eriksen, E. F., Colvard, D. S., Berg, N. J., Graham, M. L., 
Mann, K. G., Spelsberg, T. C. and Riggs, B. L., Science, 1988, 
24, 84-86. 

34. Christiansen, C., Christiensen, M. S. and Transbol, 1., Lancet, 
1981, 1,459-461. 


35. Lindsay, D., Hart, D. M. and Clark, D. M., Lancet 1978 1 
1325-1327. 

36. Biller, B. M. K., Coughlin, J. F., Saxe, V., Schoenfeld, D., 
Spratt, D. I. and Klibanski, A., Obstet. Gynecol, 1991 78 996- 
1001 . 

37. Barengolts, E. L, Gajardo, H. F., Rosol, T. J., D’Anza, J. J., 
Pena, M., Botsis, J. and Kukreja, S. C., J. Bone Miner. Res 
1990,5, 1143-1147. 

38. Gallagher, J. C. and Kable, W. T., Am. J. Med., 1991, 90, 171- 
178. 

39. Watts, N. B., Notelovitz, M., Timmons, C., Addison, W. A., 
Wiita, B. and Downey, L., Obstet. Gynecol, April 1995, in 
press. 

40. Savvas, M., Studd, J. W. W., Norman, S., Leather, A. T., 
Garnett, T. J. and Fogelman, L, Br. J. Obstet. Gynecol, 1992, 

, 99,757-760. 

41. Erdtsieck, R. J., Pols, H. A. P., van Kuijk, C., Birkenhager- 
Frenkel, D. H., Zeelenberg, J., Kooy, P. P. M., Mulder, P. and 
Birkenhager, J. C., J. Bone Miner. Res., 1994, 9, 277—283. 

42. Guesens, P. and Dequeker, J., J. Bone Miner. Res., 1986, 1, 
347-357. 

43. Chesnut, C. H., Ivey, J. L., Gruber, H. E., Mathews, M., Nelp, 
W. B., Sissom, K. and Baylink, D. J., Metabolism, 1983, 32, 
571-580. 

44. Gruber, H. E., Ivey, J. L., Baylink, D. J., Mathews, M., Nelp, W. 
B., Simson, K. and Chesnut, C. H., Metabolism, 1984, 33, 295- 
303. 

45. MacIntyre, L, Stevenson, J. C., Whitehead, M. L, 
Wimalawamsa, S. J., Banks, L. M. and Healy, M. J. R., Lancet, 
1988,1, 1481-1483. 

46. Overgaard, K., Riis, B. J., Christiansen, C., Podenphant, J. and 
Johansen, J. S., Clin. Endocrinol, 1989, 30, 435-442, 

47. Reginster, J. Y., Denis, D., Albert, A. A., Deroisy, R., Lecart, 
M. P., Fontaine, M. A., Lambelin, P. and Franchimont, P., 
Lancet, 1987, 2, 1481-1483. 

48. Storm, T., Thamsborg, G., Steiniche, T., Genant, H. K. and 
Sorensen, 0. H., New Engl J. Med., 1990, 322, 1265-1271. 

49. Watts, N. B., Harris, S. T., Genant, H. K., Wasnich, R. D., 
Miller, P. D., Jackson, R. D., Licata, A. A., Ross, P., Woodson, 
G. C. Ill, Yanover, M. J., Mysiw, M. J., Kohse, L., Rao, M. B., 
Steiger, P., Richmond, B. and Chesnut, C. H., New Engl. 
J. Med., 1990, 323, 73-79. 

50. Papapoulos, S. E., Am. J. Med, 1993, 95 (suppi 5A), 48S-52S. 

51. Farley, J. R., Wergedal, J. E. and Baylink, D. J., Science, 1983, 
222, 330-332. 

52. Baylink, D. J. and Bernstein, D. S., Clin. Orthop., 1967, 55, 51— 
85. 

53. Nagant de Deuxchaisnes, C., et al, J. Bone Miner. Res., 1990, 5 
(suppi 1), S5-S26. 

54. Riggs, B. L., Hodgson, S. F., O’Fallon, W. M., Chao, E. Y. S., 
Wahner, H. W., Muhs, J. M., Cedel, S. L. and Melton, L. J., 
New Engl J. Med, 1990, 322, 802-809. 

55. Mamelle, E., Meunier, P. J. and Dusan, R., Lancet, 1988, ii, 
361-365. 

56. Kanis, J. A., Am. J. Med., 1993, 95 (suppi 5A), 53S-61S. 

57. Rasmussen, H., et al, Metab. Bone Dis. Rel. Res., 1980, 2, 107- 
111 . 

58. Aloia, J. F., Vaswani, A., Yeh, J. K., Ellis, K., Yasumura, S. and 
Cohn, S. H., Am. J. Med., 1988, 84, 401-408. 

59. Ott, S. M. and Chesnut, C. H., Ann. Intern. Med., 1989, 110, 
261-214. 

60. Dawson-Hughes, B., Dallal, G. E., Krall, E. A., Sadowski, L., 
Sahyoun, N. and Tannenbaum, S., New Engl J. Med., 1990, 
323, 878-883. 

61. Heaney, R. P., Bone Min., 1990, 11, 67-84. 


450 


CURRENT SCIENCE, VOL. 68, NO. 4, 25 FEBRUARY 1995 


REPRODUCTIVE BIOLOGY 


Effect of administration of luteinizing hormone 
(LH) and deprival of LH on the proteins of smooth 
endoplasmic reticulum of immature and adult rat 
Leydig cells 

R. Venkatesh and A. Jagannadha Rao 

Department of Biochemistry and Centre for Reproductive Biology and Molecular Endocrinology, Indian Institute of Science, 

Bangalore 560 012, India 


Analysis of proteins of smooth endoplasmic 
reticulum (SER) of Leydig cells from immature and 
adult rats by two-dimensional polyacrylamide gel 
electrophoresis (SDS-PAGE) revealed the presence of 
several new proteins in the adult rats. Administra¬ 
tion of human chorionic gonadotropin to immature 
rats for ten days also resulted in a significant 
increase as well as the appearance of several new 
proteins. The general pattern of SDS-PAGE analysis 
of the SER proteins of Leydig cells resembled that of 
the adult rat. SDS-PAGE analysis of the SER 
proteins of Leydig cells from adult rats following 
deprivation of endogenous luteinizing hormone by 
administration of antiserum to ovine luteinizing 
hormone resulted in a pattern which to certain 
extent resembled that of an immature rat. Western 
Blot analysis of luteinizing hormone antiserum 
treated rat Leydig cell proteins revealed a decrease 
in the 17-a-hydroxylase compared to the control. 
These results provide biochemical evidence for the 
suggestion that one of the main functions of 
luteinizing hormone is the control of biogenesis 
and/or turnover SER of Leydig cells in the rat. 


The regulation of steroidogenesis in the Leydig cell has 
been reviewed extensively^”^ and several of these 
reviews have dealt with the acute effect of luteinizing 
hormone (LH) on testosterone production by Leydig 
cells. However, it is known that LH also exerts trophic 
effects on Leydig cell growth and differentiation"^’^. In 
this connection it is pertinent to note that several studies 
have demonstrated that the Leydig cell ultrastructure in 
general, and smooth endoplasmic reticulum in parti¬ 
cular, is specifically altered after hypophysectomy or 
gonadotropin treatment^"^. It has been suggested that 
alteration in the amount or chemical characteristics of 
Leydig cell cytoplasmic organelle membranes might 
influence profoundly the activity of the steroidogenic 
enzymes present in the organelle^. In support of such a 
suggestion are the observations of Ewing and Zirkin^ 
who have shown that the main function of LH is to 
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maintain the integrity of the membranes of smooth 
endoplasmic reticulum (SER), which houses the impor¬ 
tant enzymes involved in the conversion of pre¬ 
gnenolone to testosterone. In addition, Wing et al}^ 
have demonstrated that Leydig cell SER and testo¬ 
sterone secretion decreases as much as 80% and 93%, 
respectively, in rats by 10 days of LH withdrawal. In 
another study again Wing et al}"^ have established that 
the restoration of Leydig cell SER and testicular capa¬ 
city to synthesize testosterone from pregnenolone was 
completed only after 8 days of continuous LH treatrhent, 
while there was no temporal association between the 
recovery of the cholesterol side-chain cleavage activity 
and the surface area of inner mitochondrial membrane 
surface area. 

Based on these ‘observations, it has been suggested 
that one of the most striking trophic effects of LH on the 
Leydig cell is the control of biogenesis and/or turnover 
of SER. Klinefelter et al}^ have clearly established that 
following LH withdrawal there is a drastic decrease in 
the P 450-C-17-hydoxylase-C-17-20 lyase, an enzyme of 
SER in the Leydig cells. However, it should be noted 
that the SER is composed of several other proteins 
which may be directly or indirectly involved in 
testosterone production in addition to the specific 
enzymes involved in steroidogenesis. In addition, all the 
conclusions on the role of LH in regulation of SER of 
Leydig cells are based either on stereological study of 
SER or on monitoring the enzymes involved in 
testosterone production in total microsomes of Leydig 
cells. However, no studies are available wherein the 
effects of specific LH deprival on SER proteins of 
Leydig cells have been examined. The objective of the 
present study is to examine the role of LH in regulation 
of SER proteins of the Leydig cells of the rat using 
model systems, wherein LH effects are minimal. 
Accordingly, in the present study we have analysed by 
two-dimensional polyacrylamide gel electrophoresis 
(SDS-PAGE) the proteins of the SER from Leydig cells 
of immature 21-day-old rat, which produce minimal 
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testosterone, and compared it with an adult rat SER. In 
addition, we have also examined the effect of admini¬ 
stration of human chorionic gonadotropin (hCG) to im¬ 
mature rats and neutralization of endogenous LH in 
adult rats on SER proteins of Leydig cells. 

Materials and methods 

All routine chemicals used were of analytical grade 
and were procured locally. Biolyte Ampholites 
(pH 3.3-93) and Percoll were purchased from 
Pharmacia Ltd., Uppsala, Sweden. Collagenase was 
obtained from Worthing Corporation, Piscataway, New 
Jersey. Highly purified hCG (CR 123, 12,000 lU/mg) 
was a gift from NIH Study Section NIAMD, Bethesda, 
USA. 

Production of antiserum to LH 

Antiserum to highly purified ovine LH (gift from Dr. 
M. R. Sairam, Clinical Research Institute of Montreal, 
Montreal, Canada) was raised in adult rabbits and 
characterized as described earlierThe antiserum was 
highly specific and did not show any cross-reactions 
with FSH as assessed by its ability to bind 125 IFSH 
(data not shown). The ability of this antiserum to 
neutralize endogenous LH in the rat has been esta¬ 
blished by monitoring the decrease in testicular weight 
and serum testosterone concentration following anti¬ 
serum-treatment for 10 days. The batch of antiserum 
used in the study was capable” of decreasing' testicular 
weight and serum testosterone in adult male rats by 55% 
and 60%, respectively, when given at a daily dose of 
0.1 ml/rat/day for 10 days. 

Animals 

Immature rats (21 days old and 30-40 g body weight) 
and adult rats (120 days old, 150 g body weight) were 
used in the study. These were housed in groups or 
individually in polypropylene cages under regulated 
light conditions (14 h light and 10 h darkness). The rats 
were provided pelleted feed from Lipton India Ltd. and 
water was available ad libitum. hCG (1.3 lU/rat/ 
day) was injected (S.C.) to immature rats from 
day 10 onwards for 10 days. Antiserum (0.1 ml/day/rat 
for 10 days) was administered (S.C.) to adult rats 
and animals treated with normal rabbit serum 
(NRS) served as controls. Animals were sacrificed 
24 h after the last injection, their testicular weights 
were recorded and their testes processed for isolation 
of Leydig cells. Blood was collected and processed 
for serum testosterone by specific radioimmuno¬ 
assay. 



Figure 1. SDS-PAGE analysis of SER proteins of Leydig cells from 
immature (a) and adult rats (A), c, molecular weight markers: 
phosphorylase D (90 kD), bovine serum albumin (60 kD), ovalbumin 
(45 kD), carbonic anhydrase (31 kD), soya bean trypsin inhibitor 
(24 kD), lysozyme (14 icD). 

Isolation of Leydig cells 

Interstitial cells from treated or control rats were 
isolated from the decapsulated testis as described 
earlier^"^. From the crude interstitial cells, Leydig cells 
were purified by fractionation of these cells on linear 
Percoll gradient^^. Leydig cells from a separate group of 
treated or control rats were incubated in the presence or 
absence of hCG to monitor the responsiveness to hCG as 
judged by increase in testosterone in the medium. 
Testosterone in the medium was estimated by radio¬ 
immunoassay^^ and all samples were analysed in a single 
assay. The intra- and inter-assay coefficients of variation 
were, respectively, 11% and 12%. 

Isolation of smooth endoplasmic reticulum 

Smooth endoplasmic reticulum was isolated^^ from 
Leydig cells. Leydig cells were homogenized in 0.25 M 
sucrose using a motor-driven homogenizer with a teflon 
pestle and the homogenate was centrifuged at lOOOO g 
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Figure 2fl, b. Laser beam scan of the SDS-PAGE analysis of the 
SER proteins presented in Figure I a and b, respectively. 


for 20 min at 4°C in Beckman J2E21 centrifuge. The 
supernatant was saved and mixed with one molar CSCl 
to give a final concentration of 15 mM. Separation of 
rough and smooth microsomes was achieved by layering 
4.5 ml of 10,000 xg supernatant containing 15 mM 
CSCl over 2 ml of 1.3 M sucrose containing 15 mM 
CSCl and centrifuging at 100,000 xg for 90 min in a 
Beckman ultracentrifuge. The clear upper phase was 
discarded and the entire fluffy layer at the interphase 
was collected and centrifuged at 100,000 x g for 90 min 
after adding 0.25 M sucrose and the pellet was 
collected. The purity of the SER was established by 
monitoring the RNA/protein ratio as well as by deter¬ 
mining the specific activity of HMG CoA reductase, 
which is a marker enzyme for SER. 

Electrophoretic analysis of SER proteins 

Equivalent quantities (30 pg) of the protein from 
immature or adult or treated rat Leydig cell SER was 
initially subjected to SDS polyacrylamide gel (12%) 
electrophoresis^^ and the gels were scanned in LKB 
laser beam scanner (Model 12001). The protein was 
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estimated according to the method of Lowry et al 
using bovine serum albumin as a standard. In addition, 
the proteins were subjected to isoelectric focusing on a 
pH gradient of 3.3-9.3 at 400 V for 12 h and at 800 V 
for 1 h, followed by SDS-PAGE electrophoresis in a 
second dimension on 12% gels^^. The proteins were 
visualized by silver staining^^ The results presented 
here are from a representative experiment in which all 
the procedures, viz. determination of the weight of the 
testis, serum testosterone, response to hCG, isolation of 
Leydig cells and analysis of SER proteins, were carried 
out and each experiment was repeated at least thrice. 

Western blot analysis of Leydig cell proteins 

In a separate experiment immature male rats were 
treated with LH antiserum or NRS for 10 days as 
described earlier and Leydig cells were isolated. The 
cells were homogenized in 0.1 M phosphate buffer (pH 
7.4) and an equal quantity of the protein from each 
group was analysed by SDS-PAGE^^. The proteins were 
transferred to nylon membrane according to the 
procedure of Towbin et al}^. The membranes were 
probed with rabbit antiserum to 17-a-hydroxylase (from 
Oxygene, Dallas, Texas), followed by treatment 
with horse radish peroxidase conjugated with anti-rabbit 
y-globulin. Peroxidase activity was monitored using 
ECL kit from Amersham International (UK) and 
the membrane was processed as described by the sup¬ 
plier. 

Results 

Effect of neutralization of endogenous LH 

As can be expected following neutralization of endo¬ 
genous LH, there was a significant decrease in testicular 
weight, serum testosterone levels and response to added 
LH, indicating the efficacy of the antiserum used. It 
should also be noted that following the treatment with 
hCG there was an increase in testicular weight in 
addition to an increase in the response of the Leydig 
cells (data not shown). 

SDS-PAGE analysis of the SER fraction from 
immature and adult rats revealed significant difference 
in the qualitative and quantitative pattern (Figure 1). 
Prominent among these is the absence of two high- 
molecular-weight proteins (indicated by arrows) in the 
immature rat SER. In addition, the intensity of several 
proteins (indicated by arrows) is also much more in the 
adult rats. These differences are also evident from the 
scan of the gels (Figure 2) (arrows indicate the proteins 
different from immature rat SER). It may be noted that 
there is a significant decrease in low-molecular-weight 
proteins in the adult SER and also the appearance of an 
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Figure 3. Two-dimensional SDS-PAGE analysis of the SER proteins of immature rat (a), hCG-treated immature rat (6), 
normal-rabbit-serum-treated adult rat (c) and LH-antiserum-treated adult rat (d). Molecular weight markers are as in the case 
of Figure 1 c. 


approximately 55 kD protein in the adult rat SER which 
is totally absent in the immature rat SER. 

Two-dimensional SDS-PAGE analysis of SER 
proteins 

The pattern of the total proteins of SER isolated from 
immature, adult and hCG- and LH-antiserum-treated rat 
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Leydig cells was investigated by two-dimensional 
polyacrylamide gel electrophoresis. An equal quantity of 
SER protein was fractionated on separate gels and 
silver-stained. It can be seen that a majority of the 
proteins migrate and cluster in the basic region and are 
in the range of 31 to 97 kD. This is true of normal, 
immature (Figure 3 < 3 ) or adult or hCG-treated immature 
rat (Figure 3 b) or normal-rabbit-serum-treated adult rat 
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(Figure 3c) or LH-antiserum-treated (Figure l>d) adult 
rat Leydig cell SER. While the overall pattern of the 
proteins between immature and adult rat Leydig cell 
SER appears to be similar, significant differences in the 
intensity and location of several proteins can be seen. 
Thus, while only 7~8 proteins can be identified in the 
mol wt range of 55-90 kD in the immature rat Leydig 
cell SER, several new proteins are seen in the adult rats 
with much higher intensity (indicated by arrows). Of 
special significance is a protein with a mol wt of 55 kD 
in the adult rat SER (indicated by arrow in Figure 3 c). 
Similarly, several new proteins are seen in the mol wt 
range of 31-24kD and the isoelectric pH of most of 
these proteins is in the range of 6-9 (Figure 3 6, c). 
Treatment of immature rats with hCG resulted in a very 
significant increase in the number and quantity of 
proteins, particularly in the range of 55-90 kD (Figure 
3 b), In contrast, the general pattern of proteins of SER 
following treatment of adult rats with antiserum to LH 
resembles to some extent that observed in the case of 
immature rat (Figure 3d), In addition to the decrease in 
the intensity of several proteins, one prominent effect is 
the significant decrease in the proteins with a pH range 
of 6-9 and mol wt of 55-90 kD, which are very 
prominent in the adult or hCG-treated immature rats. 

Western blot analysis 

It can be seen from the results presented in Figure 4 that 
the signal for 17-a-hydroxylase in the antiserum-treated 
group is very weak compared to the control. 

Discussion 

Studies by Ewing and Zirkin^ have clearly established 
that one of the striking trophic effects of LH on the 
Leydig cells is the control biogenesis and/or turnover of 
SER. Studies have also revealed that testes from rats 
treated with implants filled with steroid, which inhibits 
LH release, secreted much less testosterone than testes 
from control rats^^. Thus, loss in steroidogenic function 
was correlated closely with a striking diminution in the 
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Figure 4. Western blot analysis of Leydig cell proteins from 
immature rats treated with normal rabbit serum or LH antiserum. 
135 jig of proteins was loaded from each group and probed with 
antiserum of pig testis microsomal 17-a-hydroxylase (Oxygene, 
Dallas, USA), which was used at a dilution of 1:500. a, LH- 
antiserum-treated; b, NRS-treated. 


surface area of smooth endoplasmic reticulum in Leydig 
cell cytoplasm. It was also demonstrated that restoration 
of LH release by removal of the steroid-filled implants 
resulted in the recovery of both Leydig cell SER mem¬ 
branes and testosterone production. Evidence was also 
provided that these effects were not a result of direct 
action of testosterone but were mediated via LH action^. 
Based on the studies, it was concluded that inhibition of 
LH release results in the inhibition of one or several of 
the SER enzymes involved in the conversion of 
pregnenolone to testosterone. The results obtained in the 
present study provide additional evidence to the role of 
LH in maintaining the integrity of SER as judged by the 
effect of hCG treatment on SER proteins of Leydig cells 
from immature rats. In this connection it is pertinent to 
note that following treatment with hCG there is a very 
significant increase in the proteins in the mol wt range 
of 55-90 kD. These proteins may represent specific 
enzymes involved in conversion of pregnenolone to 
testosterone or associated factors as well as structural 
proteins of SER. The results of studies using antiserum 
to LH also provide additional support for such a 
conclusion. The pattern of proteins, particularly in the 
range of 55-90 kD, following antiserum treatment 
resembles to some extent that of immature rat. It is 
pertinent to recall that studies of Klinefelter et al}^ 
using highly purified Leydig cells have shown that 
depriving rats of LH causes Leydig cells to lose SER 
and diminish their P 450-C-17-hydroxylase-C-17-20 
lyase activity. LH administration to hypophysectomized 
rats prevents these changes. It was also reported that 
when Leydig cell microsomal pellet isolated from LH- 
deprived rats was analysed by SDS-PAGE (12%) and 
subjected to immuno-blotting using a specific antibody 
to pig microsomal P 450-C-17-hydroxylase-C-17-20 
lyase, there was loss of protein of 52,000 molecular 
weight, which migrated as a single band^^. In this 
connection it is interesting to note that even in our 
studies one of the important changes we noticed is with 
reference to a protein of mol wt around 55,000, both in 
single-dimensional and two-dimensional analysis, which 
is very prominent in adult rat. It is pertinent to note that 
the molecular weight of the enzyme P 450-C-17- 
hydroxylase-C-17-20 lyase has been reported to be 
around 52,000 (ref. 2). It should be noted that one of the 
prominent differences in the proteins of SER from adult 
and immature rat is the appearance of protein around 
55 kD, which can be seen as a distinct peak. Although 
Western blot analysis of a two-dimensional gel would 
have been most appropriate, due to practical problems 
such as sensitivity of detection we have subjected only 
the purified Leydig cell homogenate from LH- 
antiserum-treated animals to Western blotting. This 
revealed that there is a significant decrease in the 17-a- 
hydroxylase, thus providing evidence, though indirect, 
that the 55 kD protein may be 17-a-hydroxylase. It is 
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well established that LH exerts both acute and trophic 
effects on the growth and functional differentiation of 
Leydig cells. The acute effects of LH include stimula¬ 
tion of synthesis/activity of enzymes involved in steroi¬ 
dogenesis, while trophic effects consist of stimulation of 
Leydig cell division and maintenance and biogenesis of 
SER. The results of the present study on the effect of 
LH deprivation on SER proteins of Leydig cells and on 
17-a-hydroxylase activity provide biochemical evidence 
for such a conclusion; in addition, it may be suggested 
that the proteins which are found only in the SER of 
adult and hCG-treated immature rats may be represent¬ 
ing some other enzymes or associated factors as well as 
protein involved in the biogenesis and maintenance of 
SER in Leydig cells. 
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Use of androgens for contraception in men 


P. R. K. Reddy 

School of Life Sciences, University of Hyderabad, Hyderabad 500 134, India 


Androgens have been used for treating hypogonad¬ 
ism for several years. Experimental evidence suggests 
that in normal men intramuscular injections of 
androgens suppress sperm production while main¬ 
taining normal libido and accessory reproductive 
organ functions. The findings strongly support the 
view that the development of potent orally active 
androgens could provide an effective antifertUity 
agent for men. 


An effective, safe and reversible antifertility drug for 
men is yet to be developed. The development of a good 
chemical contraceptive for men would add a new option 
for regulating family size and population growth. The 


mode of control of fertility in men could be through 
chemicals which can directly affect the testis and disrupt 
spermatogenesis and sperm formation, or through hor¬ 
monal interference of testicular spermatogenesis. 
Though some chemicals like gossypol^ showed promise 
in blocking the process of spermatogenesis, due to its 
adverse side effects, the use of this drug in the control 
of fertility appears to be remote. Similarly, agents which 
may cause selective interference with maturation of 
spermatozoa have not yet been found. Among the 
hormonal methods for the control of fertility, selective 
interference with the circulating levels of follicle 
stimulating hormone by specific antibodies^ or by 
blockage of gonadotropic hormones of the pituitary 
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appears to be promising^’"^. In this article the latter 
possibility is discussed. 

Use of androgens for the treatment of infertility 

Testosterone was used for the treatment of impotency 
and for improving sperm count as early as in 1950. 
Heller et al.^ and Charny^ used therapeutic doses of 
testosterone in infertile men with oligospermic sperm 
counts to improve the number of spermatozoa. In these 
treatments it was observed that the spermatozoa counts 
were totally reduced with symptoms of azoospermia. 
After stoppage of treatment the sperm count gradually 
increased to the level seen before the start of treatment 
while in some cases a slight improvement was also 
obtained. The observation that azoospermia preceded 
recovery phase in these patients was exploited for the 
development of a method for contraception by using 
testosterone^. 

Testosterone as an injectable contraceptive 

Reddy and Rao^ injected seven normal men in the age 
group of 23 to 38 years with 25 mg/day of testosterone 
propionate for 60 days. The subjects showed gradual 
decline in the sperm count, reducing to oligospermic 
levels at 45 days and complete suppression of sperma¬ 
tozoa at 60 days. When this treatment was discontinued, 
there was a gradual recovery of spermatogenesis after 
60 days. At 90 days the spermatozoa were in the range 
of 3-8 million increasing to about 35-70 million after 
120 days of stopping treatment. By 150 days there was 
complete recovery of the number of spermatozoa in the 
ejaculates, which was comparable to pre-treatment 
levels. The motility of spermatozoa after recovery was 
normal. The libido and potentia of these patients during 
the treatment and recovery periods was also normal. 
There was no change in the volume of semen during the 
entire period of the experiment. This study, for the first 
time, demonstrated that in normal men a hormonal 
method for the control of fertility is possible. 

In studies using testosterone propionate, the main 
drawback has been the need for administering the 
hormone. Hence a long acting ester, testosterone enan- 
thate, was used for suppression of spermatogenesis. It 
was observed that frequency and dose of testosterone 
enanthate are critical for maintaining spermatogenic 
suppression^"^ \ In order to maintain adequate inhibition 
of spermatogenesis, weekly injections of testosterone 
enanthate were necessary. In these studies with intra¬ 
muscular injections, azoospermia was achieved between 
16-20 weeks of starting the treatment in a majority of 
the subjects while in a few, oligospermia to the level of 
about 5 million or less was noted^^^^. 

Since testosterone enanthate presented advantage over 
testosterone propionate and since the mode of admini- 
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Strati on of this hormonal preparation as a weekly injec¬ 
tion was more convenient, a multicentric study was done 
in seven countries to assess the contraceptive efficacy of 
this drug^^’^"*. Intramuscular injections of testosterone 
enanthate caused azoospermia in 157 healthy men after 
120 days of treatment. In this study it was concluded 
that this method can maintain suppression of spermato¬ 
genesis by continuing testosterone injections. After 
treatment cessation, recovery of spermatogenesis to a 
mean sperm concentration of 20 million/ml of semen 
was achieved after 3-7 months. This study further 
supports the idea that testosterone can be used as an 
effective contraceptive for the control of fertility in 
males. Recently a long acting testosterone preparation 
20 AET-1 was shown to yield a normal plateau of 
circulating testosterone for 3-4 months after a single 
injectionHence such a preparation may become 
more suitable as an injectable testosterone for the 
control of fertility in males. 

Oral androgens as contraceptive agents 

Though testosterone esters have proved to be effective 
in inducing azoospermia, their mode of administration 
being through injection, an easier method of admini¬ 
stration is necessary. Orally active fluoxymesterone and 
mesterelone were not effective in suppressing spermato¬ 
genesis^^. The other orally active androgen, methyl- 
testosterone was shown to impair liver function^^. 
Recently an orally effective androgen, testosterone 
undecanoate, has become available for clinical use. 
Nieschlag et al}^ treated seven normal men with this 
androgen to suppress spermatogenesis. A dose which is 
twice or thrice more than that required for the treatment 
of hypogonadal men did not cause azoospermia. The 
failure of this preparation in suppressing spermato¬ 
genesis was found to be due to its short half-life in 
circulation and due to considerable individual varia¬ 
tions^®. A more effective testosterone preparation which 
is orally active would be an ideal agent compared to 
injectable testosterone esters. 

Gestagen-androgen combinations for fertility 
regulation 

It was suggested that the dose of androgen used for 
suppression of spermatogenesis can be reduced by the 
combined use of progesterone and androgens for contra¬ 
ception^. Progesterone alone was shown to suppress 
spermatogenesis^^ but this resulted in loss of libido and 
potentia. Since progesterone is well known to suppress 
gonadotropic hormones in females, the same principle 
can be applied for suppressing both luteinizing hormone 
and follicle stimulating hormone. Several progestational 
compounds have been tried to see the effect of proge- 
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sterone in combination with testosterone^^. In these 
studies it was demonstrated that silastic capsule filled 
testosterone implants can maintain libido and potentia 
while daily oral administration of progesterone caused 
suppression of spermatogenesis. However, in a majority 
of the 191 men treated, only oligospermia was achieved. 
In addition to this study, danazol-testosterone combi¬ 
nation and medroxy-progesterone acetate testosterone 
combination treatmentwere also shown to be effec¬ 
tive in suppressing spermatogenesis while maintaining 
libido and potentia. In all studies involving progesterone 
and testosterone combinations, there was recovery of 
spermatogenesis, though in some instances it took a 
longer period for such a recovery^^. In all of the above 
studies while progesterone was administered orally, 
testosterone was either injected intramuscularly or was 
given as a silastic implant. The latter mode of admini¬ 
stration of testosterone still needs to be replaced. An 
orally acting progesterone with less side effects along 
with an orally active testosterone which would cause 
reversible suppression of spermatogenesis while main¬ 
taining libido and potentia would be an ideal contra¬ 
ceptive for men. 

Conclusions 

The available experimental evidence suggests that 
androgens are potentially good chemicals for the control 
of fertility in human males. It is possible to develop a 
combination drug with a combination of progesterone 
and testosterone. Since an orally active ester, testo¬ 
sterone undecanoate, is now available with no known 
adverse side effects, it is possible that this androgen or 
some other derivative, in combination with minimal 
amount of a suitable gestagen would be effective in 
causing reversible azoospermia without any side effects. 
Such studies need to be carried out. 
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The physiology of androgen-regulated functions is the 
background of the pharmacology of antiandrogens. 
Testosterone and its 5a-reduced metabolite, 5a-dihydro- 
testosterone (5a-DHT), play a crucial role in a complex 
array of functions and pathological conditions. We are 
used to see testosterone and 5a-DHT as male sexual 
hormones. This, however, is a much too narrow view. 
The synthesis of these hormones is not restricted to the 
male gender and not to the gonad in the male and the 
female. Their regulatory significance is obvious in both 
sexes and includes tissues and organs like the brain, the 
skin, including sebaceous glands, various types of hair, 
the liver, the bones, the mammary gland. No question 
that androgens exert important functions in the male 
gonad and other male reproductive organs. The role of 
androgens as embryonic inductors in the organogenesis 
of sexual organs, i.e, the sexual differentiation, deserves 
a special consideration. 

Antiandrogens are defined as compounds which bind 
with high affinity to the androgen receptor, displacing 
testosterone and 5a-DHT at this site, however, are 
unable to initiate the gene activation or inhibition which 
is normally induced by an activated androgen receptor. 
In a broader sense we may also consider compounds as 
‘antiandrogenic’ which interfere with androgen-depen- 
dent functions by other mechanisms. There are well 
investigated potent direct and indirect (via antigo- 
nadotropic activity) inhibitors of androgen biosynthesis 
and potent inhibitors of 5a-reductase. This review 
includes various androgen-inhibition or -ablation strate¬ 
gies, in order to compare them with respect to thera¬ 
peutic relevance. This is because they compete for 
certain indications and are used in some diseases as 
complementary principles in combination. 

Cyproterone acetatewhich started its career as a 
gestagen, was the first potent competitive androgen 
antagonist which became available as a tool for 
experimental work in the laboratory in the early sixties. 
Its first approved clinical use was the treatment of 
excessive or deviant male sexual drive, replacing to a 
large extent the irreversible, more traumatic and much 
less effective surgical treatment of this disease"^. Other 
indications followed. The appearance of cyproterone 
acetate (CPA) stimulated the research on antiandrogens 
in several industry laboratories with substantial success. 
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Today ‘antiandrogens’ comprise a large heterogenous 
group of compounds, steroidal antiandrogens including 
CPA and other steroids which, as a rule, have a 
considerable spectrum of other hormonal and antihor- 
monal activities, and nonsteroidal compounds which are 
‘pure’ antiandrogens, i.e. devoid of such activities. The 
pioneer compound in this group is Flutamide^ which was 
followed by several generations of analogous ‘pure’ 
antiandrogens. A considerable degree of androgen with¬ 
drawal is possible with compounds which interact at the 
level of steroidogenic enzymes. Also this group of 
inhibitors includes steroidal and nonsteroidal com¬ 
pounds. The 5a-reductase inhibitor Finasteride^ and the 
imidazol-derivate Ketoconazol which inhibits gonadal 
and adrenal steroidogenesis^’ are the best investigated 
substances in this class of therapeutics. The fact should 
be reminded, that high doses of estrogen effectively 
induce a castration-like condition in men, which is 
mainly achieved by suppression of testicular testo¬ 
sterone secretion^ 

Competitive progesterone antagonists 

Chemistry and basic properties 

Antiandrogens which act by displacement of 5a-DHT 
and testosterone from the androgen receptor were 
recruited from two different groups of compounds. A 
large group of gestagens, mainly the derivatives of 17a- 
hydroxyprogesterone, as CPA and other compounds (see 
Figure 1) has powerful antiandrogenic activity. This 
applies to CPA in particular^^. However, also some 
gestagens which are 19-nortestosterone analogues, like 
Dienogest, have a distinct antiandrogenic activity^"^. A 
second group of nonsteroidal antiandrogens comprises 
Flutamid and chemically related compounds (Figure 2). 
These are considered as ‘pure’ antiandrogens . These 
compounds reduce the prostate tissue level of 5a-DHT 
to a similar degree as CPA^. They differ among 
themselves with respect to certain adverse side effects 
which are probably without relation to their antiandro¬ 
genic nature; Gastrointestinal and hepatic intolerance 
is often a problem with Flutamid, impaired visual 
adaptation to darkness is frequently recorded after 
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Figure 1. Progestogens with antiandrogenic activity. 



Anandrone^^. The most important clinically relevant 
technical difference, however, is the different half life of 
these compounds in men (see Table 1). 

Effects of CPA and Flutamide on androgen kinetics 
at the tissue level 

CPA and other antiandrogens compete for cytosolic and 
nuclear androgen-binding sites Studies with 
labelled CPA in rats^^ showed higher levels of radio- 
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Table 1. Terminal half life of ‘pure’ antiandrogens in men 


Compound 

Half life 

Reference 

Flutamid 

< 8 hours 

12 

Nilutamid (Anandrone) 

43 hours 

12 

Casodex (ICI 176 334) 

7-10 days 

6 


activity in androgen target tissues, e.g. seminal vesicles, 
prostate glands, musculus bulbocavemosus, musculus 
levator ani, than skeletal muscle. This indicates a 
specific retention of CPA by androgen receptors in 
target tissues. In studies on the human prostate high 
concentrations of CPA in prostate nuclei, exceeding the 
concentration of 5a-DHT by a factor of 2 were found. 
The 5a-DHT concentration was suppressed to one 
fourth of the control level^^. The above quoted study^^, 
found a corresponding displacement of labelled 5a-DHT- 
(70% reduction of 5a-DHT uptake after i.v. injection) 
after CPA-pretreatment. This finding suggests that the 
reduction of 5a-DHT in androgen target tissues in the 
presence of CPA is not necessarily due to an inhibition 
of 5a-reductase as claimed by De Jong et alf^. The 
recorded degree of inhibition of 5a-DHT in the prostate 
is comparable to that reported after bilateral orchidec- 
tomy in men^^. Castration leads to a 90% decrease of 
testosterone in the circulation but only to 75% decrease 
of 5a-DHT in the prostate. It is consistent with these 
findings that CPA is able to block androgen effects to 
castration level reducing the 5a-DHT to the above 
levels (see Figure 3). 

Antiandrogen-resistant androgen controlled 
functions 

Not all androgen-dependent functions can be blocked by 
given antiandrogens. There are tissue to tissue, com¬ 
pound to compound, and species to species differences. 
These are remarkable and therapeutically important 
phenomena. Androgens have important effects in the 
liver. Steroid-metabolizing enzymes, microsomal Bp- 
steroid dehydrogenase (induction), and 5a-reductase 
(repression), are under androgen control in rats. CPA 
completely failed to reverse corresponding effects of 
5a-DHT, rather there was CPA-/5a-DHT synergism. 
Contrary to CPA it was possible to inhibit the effects of 
5a-DHT in the liver with Flutamide in the female rat, 
however, not in male rats, where Flutamide failed too . 
It is remarkable in this context that CPA failed to 
compete for cytosolic 5a-DHT-binding sites of rat liver 
cytosoP^ Flutamide failed to reverse the depression of 
SHBG in adult female rhesus monkeys which was 
induced by methyltestosterone^^. In humans there is 
evidence of a deviant behaviour of hepatic tissue com¬ 
pared to ‘classical’ androgen target tissues too. Large 
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Figure 3. Moderate suppression of the testicular weight, castration-like condition of seminal vesicles after CPA-treatment. 
20 mg CPA/day s. c. for four weeks. Solvent-treated control. 


doses of CPA (50 mg per day, oral application) led to a 
substantial decrease of SHBG, which indicates andro¬ 
genic activity in the human liver^^. 

LnCaP cells, derived from lymph node carcinoma of 
the human prostate show androgen-dependent growth, 
however, the androgen receptor functions in an abnor¬ 
mal manner. This is demonstrated by a loss of binding 
specificity to androgens, e.g. estrogens and some gluco¬ 
corticoids bind to the LnCaP ‘androgen’-receptor, and 
there is powerful stimulation of cell growth by anti¬ 
androgens. There is no ability of antiandrogens, includ¬ 
ing ‘pure’ nonsteroidal antiandrogens, to antagonise the 
stimulatory effects of Sa-DHT^"^. Rather a synergism of 
5a-DHT and anti androgens could be demonstrated. 
Extended studies included a wide range of compounds 
as CPA, Flutamide, Hydroxyflutamide, Anandrone with 
the same result^^. 

Also at the CNS-level it may not always be possible to 
block androgen actions. In rats it was definitely not 
possible to abolish the effects of endogenous and exo¬ 
genous androgens on various parameters of sexual 
activity with CPA or Flutamide”^. 

Studies with antiandrogens on somatic and CNS 
sexual differentiation 

Sexual differentiation begins with the determination of 
the genetic sex. Androgens are synthesized after the 


gonadal differentiation and the appearance of Leydig 
cells. According to the concept of basic femaleness of 
Wiesner^^ and Jost^^, there is no involvement of gonadal 
hormones in the female sexual development. The 
removal of the foetal gonads before the critical stage of 
development leads to female differentiation of the 
remaining structures, irrespective of the genetic sex of 
the foetus^^. Gonadal hormones determine the male 
differentiation only. 

Studies with CPA were of crucial importance to 
investigate the role of androgens in this context. Experi¬ 
ments in the rabbit revealed that the blockage of the 
androgen receptor failed to abolish the organizing 
activity of the foetal testis completely^^, rather a 
distinction of androgen- and non-androgen dependent 
events of sexual differentiation was possible. A syn¬ 
drome of ‘testicular feminization’ was induced by CPA. 
This consisted of a normal testicular development, an 
undisturbed testicular (formation of gubemacular 
structures) descent and regression of the mullerian 
ducts. The wolffian ducts regressed as well, the acces¬ 
sory sex glands were largely absent, the external genital 
organs were feminized (see Figures 4 and 5). 

The described findings of undisturbed mullerian duct 
regression under CPA-blockage were in support of 
Jost’s claim of an antimullerian hormone, which was 
still a hypothetical factor in the sixties. The demon¬ 
stration of its role (see factor X in Figure 6) permitted 
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Figure 4. Effects of CPA on the testis and epidydymal duct of 
rabbit foetus. Treatment of mother from day 13-24 p.c. Note normal 
testicular differentiation, but complete regression of wolffian duct. 


the explanation of normal gonoduct development, the 
pathomechanism of testicular feminization and of para¬ 
dox intersexual conditions, i.e. the co-existence of male 
and female structures, that can be induced by androgen- 
or antiandrogen treatment. Analogous intersexual states 
have been described after Flutamide in the male rat 
foetuses after maternal treatment^^’^^ 

With respect to the testicular descent, which was 
considered to be independent of androgens^^, an impor¬ 
tant complementary finding arose from the revaluation 
of the above and other studies. Van der Schoot^^ found 
that the ligamentum craniale of the gonad is sexually 
dimorphic and obviously androgen-dependent. Anti¬ 
androgens maintain this structure in male foetuses which 
impairs the testicular descent in some animals to such an 
extent, that some testicles were found close to the caudal 
pole of the kidney at postpartal stage autopsy. The elder 
studies^^ focused to gubernacular nonandrogen depem 
dent structures. The conclusion that testicular descent 
was not androgen-dependent was supported by the 
observation that a partial testicular descent often took 
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place in otherwise feminized animals (see Figure 7). It 
was completely overlooked that the cranial ligaments 
play a role as well^^’ 

Studies with CPA in rats and mice confirmed the role 
of androgens in the development of the mammary gland 
dimorphism which is typical of these species^"*^^^. In the 
male rat a feminization of gonadotropin secretion and 
sexual behaviour was seen after a short CPA treatment 
at the critical stage of development, which is in the 
postpartal period in this species^"^’^^’^^. The relevance of 
the latter findings for the human is not clear. There is a 
tremendous inter-species variation with respect to 
sexually dimorphic CNS-functions. The consideration of 
the meaning of a given finding in rats for our species is 
only permitted on a function to function basis. 

An important aspect is the teratological potential of 
antiandrogens with respect to male sexual differen¬ 
tiation. The unintended exposure during pregnancy of 
human foetuses to CPA at low doses (2 mg/day) at the 
critical stage of differentiation was documented in a 
larger number of cases. There was no evidence for a 
feminization of the external genital organs in any of 
these^^. External genital structures are far more sensitive 
to androgen withdrawal than other genital structures 
(personal experience of the author). It can therefore be 
assumed that the entire risk of feminization is lovv^ at 
these doses. There can be little doubt that higher doses 
of CPA or Flutamide bear a considerable potential to 
disturb a normal sexual development. 

Spectrum and significance of hormonal- and anti- 
hormonal activities in addition to anti-androgenic 
activity 

The pioneer antiandrogen CPA has important hormonal 
properties in addition to antiandrogenic activity, in 
particular gestagenic activity. CPA has high affinity to 
the progesterone receptor, which is comparable to that 
of progesterone itselfCPA blocks ovulation in rats 
and women at daily doses of 1-3 mg/day. According to 
these data a similar gestagenic potency of CPA as that 
of Norethisterone and its esters is likely. Based on this 
antifertility activity, CPA-containing contraceptives 
were developed which had beneficial effects in women 
with symptoms of skin androgenization as oily skin, 
acne and hirsutism"^^’"^^. A corresponding type of contra¬ 
ceptive cannot be developed with a pure antiandrogen. 

Gestagenic activity is a very important difference of 
CPA and related compounds vs Flutamide and Anan- 
drone with respect to treatment of prostate cancer. 
‘Pure’ antiandrogens stimulate the secretion of LH, FSH 
and eventually testosterone due to an inhibition of 
negative feedback actions of testosterone and of 5 a- 
DHT. This stimulation is very pronounced in male rats, 
however, quite moderate in the usually elder prostate 
cancer patients*^^ (see Table 2). 
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Figure 5. Effects of CPA treatment of pregnant rabbits day 13-24 p.c. on day 30 p.c. rabbit foetuses, caudal part of the 
genital tract. Note absence of gonoducts in a male foetus (right, see arrow heads). Male and female control foetuses left 
(VO = mullerian vagina, WD = wolffian ducts). 


Table 2. Effects of different hormone ablative strategies on serum 
testosterone levels in men 


Treatment 

Reference 

% reduction or increase 

Orchidectomy 

Namer*^ 

80-90 

i 

CPA (300 mg/week 
intramuscular injection) 

Namer*^ 

70 

i 

DES (100 mg/month) 

Narner'^ 

97 

i 

Orchidectomy + CPA 

Namer^^ 

95 

i 

Flutamid 

Namer*^ 

50 

T 


Low blood testosterone levels are likely to facilitate 
the blockage of androgen binding in androgen- 
dependent tissues. Contrary to CPA, gonadotropins and 
testosterone levels are substantially elevated in Flut- 
amide- or Anandrone-treated male patients. High blood 
testosterone levels are likely to overcome the anta¬ 
gonist-induced receptor blockage to some extent. This 
may explain why this type of powerful antiandrogen can 
be used without impairment of libido'^^’'^'^. This is not the 
case under high doses of CPA or estrogens 
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Ketoconazole 



Figure 6. Possibility of gonoduct differentiation depending on the 
presence or absence of testosterone and antimullerian hormone 
(‘factor X’), respectively. The sole action of the anti-mullerian 
hormone is assumed to occur after androgen blockage in the male 
foetus. 




Figure 7. Male feminized rat after intra-uterine CPA exposure. Note 
unilateral testicular descent. 
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Figure 8. Chemical structure of antisteroidogenic compound 
Ketoconazole, a carbon-17-20-lyase and carbon-17-hydroxyIase 
inhibitor. 


In the last 10 years there was an ongoing debate if 
CPA has partial androgen agonistic activity. There was a 
concern that these implicate stimulatory androgenic 
effects on tumour growth"^^. Indeed, evidence exists that 
CPA at very high concentrations in vitro was able to 
translocate the androgen receptor from the cytoplasm to 
the nucleus and lead to some transcriptional activa- 
tion"*^’"^^. As stated above, CPA has distinct androgen¬ 
like effects on some liver parameters (see above), 
however, there is marginal androgenic activity in other 
target tissues and the prostate, if at all: The therapeutic 
relevance of these agonist effects is uncertain. There is 
no consent that CPA is less active in prostate cancer 
than other quoted compounds and treatment strategies 
(see below). 

Inhibitors of steroidogenic enzymes: 
Cytochrome-P450-enzyme-inhibitors and 
5-a-reductase-inhibitors 

Androgen ablation strategies are possible with inhibitors 
of steroidogenic enzymes. An example of this type of 
compound is Ketoconazole (see Figure 8), an antifungal 
agent, which also inhibits various mammalian cyto- 
chrome-P450 enzymes^. Ketoconazole blocks the 17a- 
steroid-hydroxylase and in particular the C-17,20-lyase. 

^ 48 

The 5a-reductase activity, however, is not impaired . 
Ketoconazole interferes with testicular and adrenal 
steroid secretion^’^^ to a substantial degree. Some side 
effects of Ketoconazole reflect the reduction of 
testosterone secretion, i.e. loss of libido, gynecomastia, 
others relate to general toxicity at high doses as nausea, 
vomiting and liver enzyme elevations in the blood^. 
Inhibition of androgen biosynthesis in the gonads and 
the adrenals with Ketoconazole is the reason to consider 
the use of this compound or aminogluthetimide, another 
biosynthesis inhibitor, in prostate cancer after castra¬ 
tion, in order to achieve a ‘complete’ androgen abla- 
tion"*^. 

The 5a-reduction of testosterone is an essential step 
in androgen action in some tissues. Certain androgen- 
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Figure 9. Chemical structure of 5a-reductase inhibitors. 


sensitive tissues, e.g, the prostate, sebaceous glands 
respond primarily to 5a-DHT^’^^. This activation^^ is 
catalysed by two isoenzymes, the type-1 and type-2 
reductase. Type-1 reductase predominates in the skin 
and its appendages, type-2 dominates in genital organs 
and the prostate. Finasteride inhibits the type-2 iso¬ 
enzyme predominantly. 

The inhibition of the 5a-reductase is less effective to 
abolish androgen actions than castration or the above 
discussed competitive inhibitors. This applies to effects 
of sexual differentiation^^ as well as antiandrogen 
effects in the adult^^’^^. The advantage of 5a-reductase 
inhibitors lies in their potential to interact with paracrine 
androgen actions in a rather tissue-specific way. 

The 5a-reductase inhibitors, Finasteride (see 
Figure 9) and L-654,066 were evaluated with respect 
to prostate biology^’^^. High doses of Finasteride 
(400 mg/day) reduce the conversion of testosterone to 
5a-DHT^’^‘. However, at the same time, there is a 
significant elevation of tissue testosterone, which is not 
converted to 5a-DHT (see Table 3). Because testos¬ 
terone has much lower affinity to the androgen receptor 
than 5a-DHT, nevertheless antiandrogenic activity is 
seen. Finasteride had no adverse effect on the libido. 


Clinical applications 

Prostate cancer 

Neoplastic prostate epithelial cells in prostate cancer 
retain many features of normal prostate tissue. Most pro¬ 
state cancers respond to the various available androgen 
withdrawal srategies with a considerable remission^"^. 
This, however, is only one aspect of the treatment. 
There is an important positive impact on the symptoms 
of the cancer disease, a reduction of pain, the improve¬ 
ment of urethral and ureteral obstructions^^ In the first 
larger studies with CPA after castration^^ 68% of 


Table 3. Effects of castration and 5a-reductase inhibition on 
androgen levels in benign prostate hypertrophy tissue 


5a-DHT 

Testosterone (ng/g tissue) 

Placebo 

4.2 

0.2 

Castration 

1.14 

0.1 

Finasteride 

0.62 

1.32 


Geller and Sionif ^ 


Table 4. Cardiovascular risks associated with different androgenic 
treatments in prostate cancer patients 

% of patients with cardiovascular com¬ 
plications after 36 months of treatment 


Cyproterone acetate 9.5 

Medroxyprogesterone acetate 18.3 

Diethylstilbestrol 37.2 

Estramustine phosphate 32.3 


Pavone-Macaluso et alP. 

patients showed a remission of the tumour, as important 
was a reduction of pain, which was seen more often, i.e. 
in 92% of the patients. Similar experiences exist with 
other antiandrogens and treatment strategies'^. 

The therapeutic strategy in this disease has to consider 
the anti-tumour activity of the treatment and the quality 
of life of the patient. There is no doubt that there is a 
regression of the tumour in most patients under antian¬ 
drogens for a considerable time, however, the tumour 
grows again after a progression-free interval of approxi¬ 
mately 12-18 months in the case of first endocrine 
treatment"^^’^^. The life of the patient with prostate 
cancer is determined by hormone-independent cell 
populations^'. Santen"'^ stresses the fact that even after 
the inevitable relapse a subpopulation of cancer cells 
remains androgen-dependent and can still be influenced 
by antihormonal treatment'^^. 

CPA was often considered as a means of complete 
androgen blockage due to its antiandrogenic and 
antigonadotropic activities. Due to this consideration it 
was recommended as monotherapy in patients refusing 
castration^^. The reason to use this antiandrogen in 
combination with LH-RH is the prevention of a flare up 
of the disease due to the initial activation of testicular 
androgen secretion by LH-RH. An advantage in this 
context, which is CPA-specific, is the reduction of hot 
flushes which are frequent after LH-RH, but also after 
castration^^. The main progress of antiandrogen treat¬ 
ment versus the established therapy with very high doses 
of estrogens was not better therapeutic activity, but a 
distinctly lower level of adverse side effects. Several 
studiesreport lower levels of cardiovascular 
complications under antiandrogens compared to the 
estrogen arm of various studies (see Table 4). Flutamide 
and analogous compounds allow a normal sexual life 
in non-orchidectomized, non-LH-RH-treated prostate 
cancer patients of younger age. 


CURRENT SCIENCE, VOL. 68, NO. 4, 25 FEBRUARY 1995 


465 



SPECIAL ISSUE ON 


Strategies of androgen-withdrawal 
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receptor 

translocation and 
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0 
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•I* 

0 

0 
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Ketoconacole etc. 
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•f 

0 

0 
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or Flutamide 


•I' 

0 

0 



(^) = biphasic action 

0 = no effect, no direct effect 

Figure 10. Strategies of androgen-withdrawal. 


The rationale of several current clinical developments 
is the maximum inhibition of androgen secretion and 
action. The availability of ‘pure’ very powerful antian¬ 
drogens (see above) and the various options to abolish 
any androgen secretion of testicular and/or adrenal 
origin, led to an enormous spectrum of combined thera¬ 
peutic approaches (see examples of combination in 
Figure 10). It remains to be established whether com¬ 
plete androgen ablation has advantages compared to less 
massive treatments. 

Treatment of excessive or deviant male libido 

Androgens play a central role for male patterns of 
behaviour. The effects of castration on these functions 
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are well known in the human and many other 
mammalian species. Under these circumstances it is 
surprising that a pharmacological blockage of the 
androgen receptor is unable to abolish the sexual drive 
at least in some species. The reason for this pheno¬ 
menon and species variation is not known. CPA fails to 
reduce sexual behaviour of male rats^^. Also, guinea 
pigs and hamsters have CPA-refractory sexual beha¬ 
viour^^. It is remarkable that flutamide can be used in 
men at high doses without impairment of potency and 
libido (see above). However, CPA, at high doses up to 
300 mg/day, has a very pronounced inhibitory effect on 
normal and pathologically elevated libido in men"^. The 
almost complete loss of sexual interest and potency 
occurs within two to three weeks of treatment, which 
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Figure 11- Atrophy of sebaceous glands in castrated, testosterone-substituted male mice by concomitant treatment with CPA 
testosterone controls (right), combined treatment (left) (ref. 38). 


represents a much more rapid effect than castration. 
There is rapid recovery of sexual function after disconti¬ 
nuation of treatment. The findings of the cited authors 
were confirmed in a large controlled clinical trial on 547 
patients^^’^^. It goes without saying that this type of 
pharmacotherapy raises very important medico-legal and 
ethical considerations which are beyond the scope of 
this review. 

Treatment of precocious puberty, effects of 
antiandrogens on bone metabolism 

Androgens are believed to play an important function in 
bone metabolism in males and females. This role 
includes the formation of bone mass and its maintenance 
in adulthood. Adrenal hormones play an important role 
in the female^^. Flutamide induces a reduction of bone 
mass in both sexes in rats. This effect was also seen in 
the intact female, in the presence of normal estradiol 
levels. Analysing the bone morphology, it was con¬ 
cluded that endogenous androgens and adrenal andro¬ 
gens in the female are indispensable factors for the 
formation of bone, whereas estrogens maintain it by a 
reduction of resorption^^. 


The rationale to use CPA in precocious puberty was 
the proven effect of this compound on bone maturation^^ 
and on puberty in rats itself CPA was able to prevent 
the testosterone propionate-induced ossification of epi¬ 
physeal cartilage of long bones in rats. Puberty and the 
capacity to reproduce was suppressed by a CPA- 
freatment as long as the treatment lasted and developed 
within 40 days after discontinuation of the treatment. 
The findings in rats seem to be consistent with those in 
children of both sexes with precocious puberty. CPA at 
doses of 80-100 mg/day largely abolished the symptoms 
of this disease and improved the body height 
prognosis^^’^^. This antiandrogen was evaluated for pre¬ 
cocious puberty before depot-LH-RH for specific anti- 
gonadotropic treatments was available. An assessment 
of both therapeutical principles may come to the 
conclusion that antiandrogens are obsolete today for this 
disease, considering more effective and less adverse side 
effect burdened alternatives. 

Akne, hirsutism, and alopecia in women 

Androgens are essential for hair and sebaceous gland 
development. They cause the differentiation of vellus 
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hair in certain areas of the skin into terminal hair. 
Terminal hair in some regions regresses to vellus hair 
due to androgens which is the cause of male-type 
baldness. The sebaceous glands develop into large 
sebaceous glands in the face-, chest-, and back region. 
These structures are characterized by a very active 
androgen metabolism^^"^^. Though the skin is an 
androgen target tissue in both sexes, attempts to use 
antiandrogens for androgen-mediated diseases of this 
organ were practically restricted to the female sex for 
obvious reasons. The possibility of pregnancy in women 
at reproductive age and the possible risk of feminization 
of a male foetus, enforced the combination of this 
treatment strategy with contraception. In spite of these 
restrictions, it is easy to predict that dermatological 
indications are very likely to dominate future therapeutic 
developments. A more gradual reduction of androgen 
actions in the skin, as it might be possible with 5-a- 
reductase-inhibitors, without serious systemic effects, or 
topical ways of application and action, are likely to 
reduce today’s restrictions to one sex. The prevention of 
male-type baldness may be one of the indications which 
can be foreseen. 

The first evidence that antiandrogens affect sex- 
dimorphic skin functions was a study with CPA in 



Figure 12. Androgen-stimulation of sebaceous glands. OC reduce 
the ovarian androgen production. Most nor-testosterone-derived 
gestagens have residual androgen icity. Anti androgenic progestagens 
of CPA-type lack this activity and reduce the actions of adrenal 
glands. 


castrated testosterone-substituted male mice^^’^^. The 
effect of testosterone was practically abolished by CPA 
(see Figure 10). A beneficial effect in androgenized 
women was first shown with very high daily doses of 
50-300 mg CPA in combination with ethinyl-estradiol"^^. 
A distinct improvement of androgenization was seen 
after 6-9 months in almost 100% of akne and seborrhea 
manifestations. Hirsutism and androgenetic alopecia 
were improved in approximately 60% and 40% of cases 
respectively^^. Very similar results were obtained with a 
monophasic contraceptive containing only 2 mg CPA 
and 50 pg or 35 pg of ethinylestradiol. The comparison 
with other ovulation inhibitors, containing other pro¬ 
gestational compounds, revealed that these were clearly 
less effective on signs of androgenization, in some 
patients a deterioration was seen. It is conceivable that 
residual androgenic^^ activities of most gestagens exert 
stimulatory actions on skin appendages in addition to 
the adrenal androgen load, whereas antiandrogenic 
gestagens counteract the latter without stimulatory 
androgenic activity of their own (see Figure 11). 

Limited experience in androgenized women exists 
with other antiandrogens. Because CPA is not registered 
in the US other compounds were clinically explored. 
Spironolactone is an aldosterone-antagonist with minor 
antiandrogenic and gestagenic activities. The latter acti¬ 
vity is insufficient to consider this compound for a 
contraceptive. Detailed studies were performed which 
combined an ordinary triphasic contraceptive (Triphasil) 
with a pure antiandrogen (250 mg Flutamide twice 
daily!) or Spironolactone (50 mg twice daily!). The 
study was performed on premenopausal women which 
were treated from day 5 to day 25 of the cycle . 
Flutamide reduced the hirsute score to a normal level 
within 6 months, the akne-, Seborrhea-, and hair loss 
scores showed a dramatic reduction after only three 
months of therapy. Spironolactone was clearly less 
effective. Adverse side effects were seen in some 
patients under this regime, but these may not be prohi¬ 
bitive in severe cases of androgenization. 
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Although intensive research into the development of a 
hormone-based male contraceptive is being pursued 
over the past few decades, a potentially viable product 
which satisfies the cardinal principles of safety, uniform 
and total efficacy, and complete reversibility is yet to be 
met with success. In addition, for the potential male 
contraceptive method to be acceptable by men it is 
essential to ensure that libido, an androgen-dependent 
phenomenon, is not impaired or adversely affected. 

In the quest for development of such methods, 
attention has been primarily and largely focussed on 
interference with the regulation of spermatogenesis and 
sperm production by blocking the action of specific 
hormones along the hypothalamo-pituitary-testicular 
axis. At the moment, understanding of the regulation 
of spermatogenesis in the primate (including man) 
has clearly underscored the importance of both the 
gonadotropins - follicle-stimulating hormone (FSH) and 
luteinizing hormone (LH) - and androgens (mainly 
testosterone [T]). It has been observed that though both 
FSH and T act via Sertoli cell functions, they appear to 
primarily influence different steps of germ cell trans¬ 
formation during spermatogenesis in the adult mammal. 
Thus, while FSH has been shown to have a significant 
regulatory effect on spermatogonial proliferation^"^, T 
appears to be closely associated with the key event of 
meiosis which is responsible for the production of round 
spermatids and sperms^. Besides this, while both FSH 
and T regulate the production of primary spermato¬ 
cytes^’^, a need for FSH in the transformation and 
maturation of round to elongate spermatids representing 
spermiogenesis has been observed^"^. A graphic repre¬ 
sentation of the various events these two hormones exert 
their influence on during spermatogenesis is illustrated 
in Figure 1. 

The secretion of FSH and LH from pituitary is 
regulated by the hypothalamic gonadotropin-releasing 
hormone (GnRH); im addition, the circulating levels of T 
or even aromatizable androgens can also exert a 
feedback inhibition of their secretion. The major thrust 
areas of research in male contraception revolve around 
achieving an effective and complete suppression of 
pituitary FSH and LH (therefore T) secretion by using 
GnRH agonists/antagonists, a variety of T analogues and 
progestins, or by immunoneutralization of FSH or LH 
action on target cells. 
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GnRH agonists and antagonists 

A three-year study on the efficacy of constant release of 
Buserelin via Alzet mini-osmotic pumps was undertaken 
under the auspices of the WHO by Ravindranath et al}^ 
in adult male bonnet monkeys. The results clearly 
showed that acute oligozoospermia/azoospermia is 
achieved within 70 days of initiation of treatment and 
this situation can be maintained for three years by 
replacement of the Alzet mini-osmotic pump (with 
Buserelin) once every 21 days. Recovery of normal 
testicular function and sperm production was achieved 
within 3-4 months of stopping the treatment. Though 
Buserelin has been tested in men in short-term studies , 
practicality of this approach has posed problems since 
the compound is expensive and development of an 
appropriate delivery system to ensure maintenance of 
constant release of the compound over protracted period 
is necessary. In addition, a few new generation peptides 
are also currently being tested for their contraceptive 
use (see below). 

The agonists act by a slow process of pituitary 
desensitization to GnRH action. However, the reduction 
achieved in pituitary LH secretion is not total. In 



Figure 1. Diagrammatic representation of the possible primary 
actions of FSH and T on germ cell transformation steps during 
spermatogenesis. 2C, spermatogonia; 4C, primary spermatocytes; 
1C, round spermatids; HC, elongating spermatids. (Modified from 
Figure 1 of Reference 8.) 
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contrast, the antagonists (e.g. Antide, Nal-Glu) have a 
decided advantage in having a longer half-life and their 
ability to bring about an immediate and near-total 
suppression of gonadotropin secretion^^. Analogues of 
GnRH have been tested in the monkey^^’^^"^^ and human 
volunteers^^"^"^ for their potential contraceptive effects. 
Newer generation antagonists are still emerging (e.g. 
Cetrorelix, Detirelix, Ganirelix), but the products as of 
now are expensive and a careful pre-clinical screening is 
essential to weed out compounds which produce toxic 
side effects. Administration of either the GnRH agonist 
or antagonist alone will lead to the loss of libido due to 
a block in testicular T production. Consequently T needs 
to be supplemented exogenously to maintain the normal 
androgen-dependent sexual and anabolic functions. 

Use of T and its analogues in feed-back 
suppression of gonadotropin secretion 

A variety of androgens including the natural hormone T 
and its esters, T enanthate or T buciclate, have been 
tested for their efficacy to block gonadotropin secretion 
and the resultant effects on sperm production in both the 
non-human primate and men^^'^^. These steroids have 
been administered intramuscularly/subcutaneously either 
as a depot preparation or as a micro-encapsulated form 
in a dose range of 50-600 mg per week/month. Admini¬ 
stration of androgens in this manner has dual advantage; 
firstly, they suppress pituitary FSH and LH secretion 
(and T production) thus severely affecting spermato¬ 
genesis and, secondly, they also meet the requirement 
for exogenous androgen supplementation to maintain 
libido and accessory gland functions. Although this form 
of exogenous androgen treatment has been observed to 
be completely effective in rendering Indonesian men 
azoospermic^^ in the western hemisphere, a significant 
percentage of men under such a contraceptive trial have 
been consistently observed to become only oligozoo- 
spermic^^ The observation of such a geo-ethnic diffe¬ 
rence has sprung a surprise to researchers thus 
emphasizing the need for further, closer scrutiny in this 
direction. Although this method of male contraception 
appears highly encouraging it is yet to be accepted 
without reservation because of: (a) still incomplete 
knowledge on the possible effects of long-term admini¬ 
stration of high concentrations of T (being an anabolic 
steroid) on overall health and general body meta- 
bolism‘"~~‘''* and (b) the specific effects this may have on 
normal functioning of the accessory reproductive 
glands^^’^^. 

Many of the on-trial contraceptive methods require 
exogenous T supplementation as the endogenous T 
production remains suppressed. As far as we are aware 
no clear cut data are available with regard to the precise 
concentration of endogenous T required to maintain 
normal libido and accessory sex gland functions. This 
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concentration of serum T must be, presumably, much 
less than the intratesticular T concentration that is 
required to promote optimal spermatogenesis. Currently, 
supplementation with exogenous androgens requires 
large, frequent doses that result in supraphysiological 
concentrations in circulation. However, the recent 
demonstration by Sundaram et al?'^ of the superior 
benefits of a synthetic androgen (7-a-methyl-nortesto- 
sterone, MENT) opens up new vistas in the field of male 
contraception. MENT has been shown to be the first 
androgen with a health benefit compared to T. It can be 
used at a relatively low concentration (being lOx more 
potent than T), possibly as a subdermal implant lasting 
for longer duration than the currently used androgens 
and, more importantly, it does not undergo the typical 5- 
a-reduction (like T) in the prostate thus having no 
deleterious effects on this accessory gland. The potential 
of MENT as a substitute to T particularly in combi¬ 
nation with GnRH analogues or progestins (see below) 
is quite promising. 

Progestational compounds 

Steroids having progestational activity like the pregnane 
derivatives (relatives of progesterone - for e.g. medroxy 
progesterone acetate [MPA]) and the 19-nortesto- 
sterones (T-related - for e.g., norethisterone [NET]) are 
also known to be effective in blocking pituitary gonado¬ 
tropin secretion^^’^^. Most studies on the efficacy of 
progestogens have centered around female contra- 
ception"^^^. Clinical testing of these compounds for 
their male contraceptive potential has not been viewed 
encouragingly, possibly because of their inherent 
progestational activity when given in larger doses 
leading to gynecomastia and such other side-effects'^^. 
Among these, the compounds having relatively minimal 
progestational activity but with a maximal ability to 
suppress pituitary gonadotropin secretion are NET and 
norethynodreP^. Whereas NET at an oral dose of 
25 mg/day to human male volunteers has been reported 
to be effective in blocking T production by 70% (ref. 
44), we have observed that a similar effect can be 
achieved in * men by giving microdoses of NET 
intranasally (unpublished observations). In adult male 
bonnet monkeys, intranasal administration of micro¬ 
doses of NET on a daily basis has been shown to 
suppress T production and effectively impair spermato¬ 
genesis and sperm production'^^'^^. In addition, constant 
release of microdoses of either NET or Norethynodrel 
via Alzet mini-osmotic pump can also suppress T 
production by > 90% (unpublished observations). The 
progestational activity associated with these drugs can 
be, perhaps, significantly reduced when given in 
microdoses by alternate (to parenteral) modes without 
compromising their pharmacological efficacy. In addi¬ 
tion to progestational compounds, intranasal admini- 
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stration of steroids (progesterone, estrogen) has also 
been shown to block T production and affect spermato¬ 
genesis in monkeys"^^. This fact is of particular interest 
since recently, Bhatnagar et observed that a block 
in estrogen synthesis in men by administration of non¬ 
steroidal aromatase inhibitors led to a significant in¬ 
crease in serum LH, FSH and testosterone levels. By 
demonstrating that T is unable to maintain LH and FSH 
levels within the normal physiological limits when its 
conversion to estrogen is blocked, this study implies that 
estrogen but not T is the true feedback inhibitor of 
gonadotropin secretion in man. 

Combination approaches 

Several recent studies have clearly shown that admini¬ 
stration of a combination of exogenous androgen with 
GnRH analogues"^^"^^ with progestins^^“^^ can be more 
pronounced in its end-effect on spermatogenesis result¬ 
ing in near- to complete azoospermia in a greater per 
cent of human volunteers. Further, these results provide 
an excellent opportunity to effectively regulate the dose 
of exogenous androgen supplementation to a bare mini¬ 
mum (for libido/accessory reproductive gland func¬ 
tions), thus circumventing the possible side-effects 
associated with long-term use of high androgen concen¬ 
trations. The use of MENT as the supplementary andro¬ 
gen in such situations may provide valuable information 
in this direction. However, it needs to be determined 
whether this approach can fill in the differences 
observed between geo-ethnic groups in relation to the 
desired end-effect (azoospermia). 

The vaccine approach 

It is possible to block the actions of FSH and LH by 
using either FSH, LH or LHRH as a vaccine. The 
efficacy of these vaccines has been successfully tested in 
several mammalian species^’^^"^^. Whereas vaccination 
against LH or LHRH leads to a suppression of endo¬ 
genous T production thus necessitating exogenous T 
supplementation to maintain normal libido and acces¬ 
sory gland functions, the FSH-based vaccine does not 
require T supplementation as endogenous T production 
is not affected. 

The FSH-based vaccine which uses ovine (o)FSH as 
the immunogen has been thoroughly tested in the mon¬ 
key for its efficacy to bring about infertility^’^^’^^”. The 
entire concept has also been confirmed by independent 
studies from three different laboratories^^. One aspect of 
the study which puzzled investigators early on was that 
immunization with oFSH results in infertility although 
the monkeys largely exhibited oligozoospermia. 
Detailed analysis of the quality of the few sperms 
voided, however, showed that in addition to the poor 

472 


motility and viability of the sperms, a marked inhibi¬ 
tion in activity of two key acrosomal enzymes 
(hyaluronidase and acrosin) required for cumulus 
dispersion and egg penetration was apparent^. This 
perhaps could be the reason why sperms from FSH 
immunized monkeys are unable to either attach to intact 
monkey eggs^® or penetrate zona-denuded hamster 
eggs^^ Recovery from the vaccine effect is feasible 
since stopping of booster injections leads to restoration 
of normal spermatogenesis and fertility' in 9 out of 10 
monkeys^^. This vaccine approach as currently 
conceived requires an initial schedule of one immuniza¬ 
tion each at 20 days apart followed by boosters once in 
90-100 days. 

Following the successful, mandatory pre-clinical 
toxicology studies in two species of animals at IX and 
5X the dose proposed to be given in the human, Phase-I 
Clinical Trials were initiated. The recently-concluded 
phase I clinical trial showed that the oFSH vaccine does 
not result in any overt toxicity and, at the dose and 
schedule tested, is apparently safe (Bajaj, J. S., DBT 
Task Force report, 1994). Analysis of sera from the 
human volunteers showed that the vaccine had produced 
antibodies capable of binding to hFSH as well as 
blocking hFSH action (Moudgal et al., unpublished 
observations). The affinity of binding of these 
antibodies to hFSH was also of a high order. Further 
improvement in this vaccine approach is essential with 
respect to (a) the substitution of oFSH with oFSHp 
subunit, (b) a better formulation resulting in higher and 
prolonged antibody titer in circulation, and (c) the use 
of recombinant-derived instead of pituitary-isolated 
product of FSH or its (3 subunit. 

The oLH derived vaccine shows high potency in 
bringing about sharp and sustained reduction in serum T 
levels leading to acute oligozoospermia/azoospemia 
both in rabbits and monkeys^. Vaccination with oLH, 
unlike with oFSH, results in a significant reduction in 
testicular size. The ovine gonadotropin (FSH and LH)- 
based vaccines do not require any conjugation with a 
second protein (e.g. as in the case of hCOP^"^) since they 
are naturally immunogenic and elicit a response when 
formulated with Alugel, an adjuvant cleared for human 
use. Immunization with LHRH conjugated to tetanus or 
diphtheria toxoid or other carrier proteins results in a 
significant reduction in both FSH and LH levels as well 
as T production, and the efficacy of this vaccine has 
been tested in rat, rabbit, monkey and in hun^n 
volunteers having advanced prostatic cancer 
However, immunization with either LH or LHRH will 
have to be accompanied by exogenous T supplementa¬ 
tion. 

The vaccine approach to male contraception is highly 
attractive as it calls for injection of the immunogen as 
boosters, at present only once in 90—100 days as 
observed in monkeys. However, it takes nearly 2—6 
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months to achieve the desired positive effects of the 
vaccine and hence the use of a suitable barrier method 
of contraception (like the condom) is necessary in the 
interim period to prevent unwanted conception. Infer¬ 
tility brought about by the vaccine approach should, 
under normal circumstances, be reversible. Though there 
has been some apprehension that gonadotropin vaccines 
might lead to autoimmune diseases, recognition of self¬ 
antigen, etc., immunopathology and clinical toxicology 
studies have shown with regard to oFSH vaccine that 
this fear is largely unfounded^^. 

Gonadotropin receptor-based approach 

The possibility of using intact or peptide fragments of 
FSH and LH receptors, either independently or together 
with the gonadotropins, offers a new approach for the 
development of additional male contraceptive methods. 
Selected fragments of the extracellular domain of the 
receptor are preferred to the holoreceptor, since the 
latter leads to production of antibodies that exhibit both 
agonistic and antagonistic activities'^. Several investi¬ 
gators have successfully synthesized the desired 
fragments of gonadotropin receptors either by chemical 
means^^'^^ or by recombinant DNA technology (J. F. 
Catteral and M. R. Sairam, personal communications) 
and it remains to be seen how successful these attempts 
will be in producing a viable product of contraceptive 
potential. In general, it may turn out that the receptor 
fragment is a much better candidate contraceptive vac¬ 
cine as the turnover of the receptors (relative to the 
gonadotropins) is much slower. Further, it may not be 
far-fetched to presume that a low antibody titer would 
suffice to block the receptor sites for longer considering 
the fact that the Sertoli and Leydig cells in the testis are 
limited in number in the adult mammal. 

Conclusions 

Even though research into the development of a viable 
male contraceptive has been progressing in fits and 
starts, it is hoped that the information accrued so far 
would pave the way for a smooth, efficient and faster 
analysis of the potential methods on hand leading to the 
availability of newer options for effective male fertility 
regulation in the near future. It is possible that we will 
have more than one method suitable for different socio¬ 
economic/ethnic groups. In addition, parallel attempts 
are also underway at several institutions to devise 
effective methods of controlling the fertility of domestic 
and other animals. Active participation of and colla¬ 
boration between pharmaceutical industries and the 
basic research scientists, being initiated or already in 
progress at many institutions/research centres, may 
hasten the entire process. Finally, as Waites^^ purports - 
‘....the subject of Andrology needs to be strengthened 


throughout the world so that scientists in developing 
countries can participate fully in this work’. 
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In this issue 


Hyperpolarizability 

measurements 

Many research groups in India are 
actively interested in nonlinear optical 
(NLO) materials. Novel theoretical 
design and synthesis of molecules with 
potentially large molecular hyper¬ 
polarizabilities (p) as well as crystal 
engineering aspects to achieve the right 
kind of noncentrosymmetric packing are 
being pursued. The critical lacuna has 
been the absence of indigenous ex¬ 
perimental facilities which enable rapid 
measurement of' second harmonic 
generation (SHG) coefficients and 
molecular hyperpolarizabilities. 

The commonly used procedure is 
based on electric field induced SHG 
measurement. An alternative is now 
available in the form of Double Quan¬ 
tum Rayleigh Scattering (or Hyper 
Raman Scattering) experiment. P. C. 
Ray and P. K. Das have used the latter 
method (see page 526) to measure P 
for a number of weak organic acids in 
different solvents. The availability of 
data on a series of related molecules 
reveals an interesting trend. For a given 
substrate, the variation in P in different 
solvents parallels that of a simple 
thermodynamic property, viz., the pKa 
of the acid in the various solvents. It 
is remarkable that the solvent effects 
on two fundamentally different mole¬ 
cular properties show such a linear 
correlation. 

J.C. 


Intranasal drug administration 

Prolactin is a polypeptide hormone 
which circulates in the serum and is 
normally cleared by the liver and the 
kidney. Prolactin is secreted by the 
lactotrophs in the pituitary and by the 
decidual cells during pregnancy. The 
secretion of prolactin is regulated by 
dopamine, which inhibits the secretion 
of prolactin by the lactotrophs. An addi¬ 


tional factor called the prolactin releas¬ 
ing factor stimulates the secretion of 
prolactin and may regulate normal 
levels of circulating prolactin. Prolactin 
is secreted in a sleep-related, circadian 
manner with highest levels observed 
shortly after the onset of sleep. Normal 
circulatory levels of prolactin are 
around 20 ng/ml, but during pregnancy, 
can reach levels as high as 200 ng/ml. 
Prolactin has both mammogenic and 
lactogenic action in humans. 

Hyperprolactinaemia is characterized 
by elevated levels of prolactin which 
can reach 100 ng/ml in some cases. 
The causes of hyperprolactinaemia 
could be due to the presence of pituitary 
adenomas in both men and women; 
certain dmgs such as anesthetics, oral 
steroid contraceptives and antihyperten¬ 
sive drugs such as oc-methyldopa can 
cause hyperprolactinaemia by interfer¬ 
ing with the production of dopamine. 
In certain cases, hypothyroidism can 
also lead to hyperprolactinaemia by the 
overstimulation of lactotrophs. In 
women, elevated levels of prolactin can 
lead to galactorrhea or watery or milky 
secretion from the breast, and frequently 
amenorrhea or the cessation of normal 
menstruation. Mechanisms are poorly 
understood, but it is believed that 
prolactin increases dopamine turnover, 
resulting in reduced norepinephrine 
levels which, in turn, affect the secre¬ 
tion of gonadotrophins which control 
the menstrual cycle. Such menstrual 
abnormalities lead to reduced fertility. 
In men, hyperprolactinaemia leads to 
reduced libido and causes impotence. 

The main treatment for hyperprolac¬ 
tinaemia should result in the elimination 
of lactation and the induction of ovula¬ 
tion in women. This is usually achieved 
by the administration of bromocriptine, 
which is a potent dopamine agonist. 
Administration of 5 mg/day bromocrip¬ 
tine significantly reduces prolactin 
levels during the course of treatment, 
and restores menstmal cyclicity in 10-16 
weeks. However, a number of side 
effects have been reported in patients 
being administered bromocriptine, such 


as nausea, headaches and dizzyness and 
this has necessarily curtailed its use. 
A recent report has shown that vaginal 
administration of lower doses of bromo¬ 
criptine could achieve a reduction in 
circulating prolactin levels, without 
adverse side effects. In the paper by 
Suresh et al. in this issue (page 528) 
intranasal administration of bromocrip¬ 
tine has been attempted in a small 
number of hyperprolactinaemic patients, 
in an effort to provide an alternative 
route of administration of bromocrip¬ 
tine, in lower doses with consequent 
reduced side effects. 

Intranasal administration of drugs is 
the method of choice for the administra¬ 
tion of a number of drugs used as 
therapy for respiratory diseases. Nasal 
administration of pharmacologically 
active drugs and steroids was pioneered 
in the seventies by Dr T. C. Anand 
Kumar at the All India Institute of 
Medical Sciences, New Delhi. He and 
Prof. N. R. Moudgal have shown earlier 
that intranasal administration of 
microdoses of steroids/drugs is effective 
in acting at the hypothalamo-pituitary 
axis, bypassing systemic circulation, 
and can therefore regulate hormone 
release. What is significant in this paper 
is the evidence th 2 ii low doses of 
bromocriptine administered intranasally 
can achieve a reduction of circulating 
prolactin levels within three weeks, with 
no side effects reported by the patients 
tested. The only reported discomfort 
was irritation during inhalation of the 
spray, but a modification of the solvent 
used in the spray could alleviate these 
effects as well. Certain patients still 
required high (2 mg/ml) doses but inte¬ 
restingly, they did not report any 
nausea or vomitting. Further studies 
are required with a larger number of 
patients but the results are encouraging, 
and it is hoped that this methodology 
can be commercially exploited by drug 
manufacturing companies in this 
country to enable doctors to adapt this 
line of treatment in future. 

Sandhya S. Visweswariah 
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Research Support by the India-Japan Science Council 

The India-Japan Science Cotmcil, initiated in 1993, promotes collaboration between scientists and 
engineers in India and Japan in various areas, notably (a) spectroscopy, molecular structure and 
dynamics; (b) new materials and polymers; (c) manufacturing sciences; (d) modem biology and bio¬ 
technology; (e) beamline science as well as solar energy-related sciences; (f) astronomy and 
astrophysics. The Council is composed of four or five scientists from each country and its work 
is facilitated by the Department of Science and Technology (DST), India and the Japanese Society 
for Promotion of Science QSPS), Japan. The Council will support scientists for the following 
aspects of collaboration. 

1. Joint research projects between Indian and Japanese scientists in the above six areas which 
could involve mter-institutional collaboration. 

2. Postdoctoral fellowships and dissertation PhD research fellowships (RONPAKU). 

3. Workshops, seminars and symposia on topics of mutual interest; and 

4. Short-term exchange of researchers working in the above areas. 

Scientists from both sides may communicate with one another, finalize the proposal and submit 
it to their respective coordinators. The coordinators from the Indian side are: 

(i) Prof. C. N. R. Rao, J. N. Centre for Advanced Scientific Research, Jakkur Campus, Jakkur 
P.O., Bangalore 560 064, for areas under 'a'; 

(ii) Dr P. Rama Rao, Secretary, Department of Science and Technology, Technology Bhavan, New 
Mehrauli Road, New Delhi 110 016, for areas under V and 'c'; 

(iii) Prof. D. Balasubramanian, Director, Centre for Cellular & Molecular Biology, Hyderabad 500 007, 
for areas under 'd'; 

(iv) Prof. S. S. Kapoor, Director, Biophysics Group, Bhabha Atomic Research Centre, Trombay, 
Bombay 400 085 for areas imder 'e'; and 

*(v) Prof. R. Cowsik, Director, Indian Institute of Astrophysics, Sarjapur Road, Bangalore 560 034, 
for areas imder T'. 

The Japanese scientists may contact Ms Yuko Fumkawa, Regional Interchange Division, Japan 
Society for the Promotion of Science, Tokyo, Japan. The agency coordination from the Indian 
side is done by Dr A. P. Kulshrestha, Adviser, Department of Science & Technology, Technology 
Bhavan, New Mehrauli Road, New Delhi 110 016. 

Funding for the Indian side will be done in rupees through funds that DST has earmarked for 
the Coimcil-approved activities, and provides for equipments, consumables, staff and also towards 
the Indian scientists' roimd trip travel to Japan and the Japanese scientists' per diem expenses 
in India. JSPS has set up a sinailar pattern of funding at the other end. 

In addition to joint research proposals, bilateral symposia, seminars and workshops are also 
encouraged in chosen subjects in the above areas, to be held in India or in Japan. 

The Council invites proposals from Indian researchers interested in collaborative work with 
Japanese colleagues in the above areas. 

Postdoctoral fellowships are available for Indian scientists working in universities and research 
laboratories to spend time in Japanese laboratories involved in such collaborative work. In addition, 
JSPS also offers a sandwich type doctoral programme called RONPAKU Fellowship scheme which 
allows an Indian student to spend up to three months every year with a previously arranged 
Japanese co-guide. For details of any of these programmes, kindly contact the respective coordinators 
or Dr A. P. Kulshrestha, Adviser, Department of Science & Technology, Technology Bhavan, 
Mehrauli Road, New Delhi 110 016 (Phone: 011-6862503; Fax: 011-6863847; Telex: 031-66096 DST IN 
or 031-61805 DST IN). 


480 


CURRENT SCIENCE, VOL. 68, NO. 5, 10 MARCH 1995 





Volume 68 Number 5 


10 March 1995 


CORRESPONDENCE 

The proposal for a National Science University—^More comments 


The proposal made by S. M. Mahajan^ 
for launching the National Science 
University in India is, indeed, laudable. 
The opinions aired by several people are 
interesting and equally valid. 

Essentially, the political climate has 
damaged the whole system and it is further 
ruining, particularly, the education field. 
The reasons are well known. In such a 
situation, is establishing NSU really a 
corrective measure? Considering the 
statistics of people who have gone abroad 
to pursue higher studies over the past 
four decades, how many of them have 
made a mark in their respective fields, 
leaving aside a few exceptions. The only 
appreciable fact is that people did do 
hard work because of the fairly conducive 
environment and work ethics and, in fact, 
it has been a question of survival in the 
hire-and-fire policy in USA. Further, I 
may ask how many of them have got 
Nobel prizes or at least FRSs? The data 
are there for every one to analyse. In 
my opinion, majority of the people who 
did leave the shores of our country aspired 
only for comfortable living and working 
conditions. Of course, I find nothing 
wrong in it as the blame lies squarely 
with the ‘political masters’. 

Mahajan’s proposal does not appear to 
be a solution. The political interference, 
British hierarchy, bossism, corruption, 
etc., must end but to realize this there 
is a long way to go. Certainly, a part of 
the blame should go to the intellectuals 
of this country. People at the helm of 
affairs always did voice their displeasure 
for not funding their own personal re¬ 
search projects but could not try to en¬ 
thuse the young and talented in this 
country. I may add here that the primary- 
and secondary-level education system in 


our country needs thorough modification 
in every aspect, as it would give a strong 
base for the advancement of human mind. 
We are overburdening the children with 
unwanted information where there is least 
scope for creative thinking and mental 
relaxation. 

Hence I propose a few alternatives. 
Mahajan and other NRI friends may pool 
the fund and a trust may be formed. The 
accumulated interest amount may be dis¬ 
tributed as scholarships to brilliant young 
men and women, without any bias towards 
any caste, creed, community, etc., for 
pursuing higher studies. This would par¬ 
ticularly be helpful for youngsters who 
come from poor families. By spotting out 
the talent, the governing body of the 
Trust may itself secure admission in a 
suitable institute anywhere in the 
developed world. Further, the governing 
body may identify with the help of indus¬ 
try the areas of scientific research projects 
relevant to our country and recruit young 
people who completed their higher studies 
with the financial support of the Trust. 
That would automatically facilitate their 
working in our country. 

Further, I may suggest the following 
for improving the quality of scientific 
research in the existing universities: 

1. Teaching appointments may be made 
on contract basis, say for 3-5 years up 
to the level of Reader or Associate Profes¬ 
sor in all the universities, as it may create 
a system of accountability from the teach¬ 
ing community. Also, it would facilitate 
free mobility of the teachers from one 
institute to another. 

2. No teacher should accept more than 
three students for supervising Ph D, that 
too without fellowship. 

3. Research funding agencies should 


straightaway send the sanctioned amount 
to the Principal Investigator so that it 
would help speedy implementation of the 
research project and at the same time the 
investigator may be made accountable in 
every aspect. 

4. We should introduce the feedback sys¬ 
tem from students to assess the quality 
of teaching, i.e. the capability of the 
teacher. 

5. For free mobility of the students from 
one institute to another, we should intro¬ 
duce the credit system so that, depending 
upon their interest and demand for 
employment potential, they may shape 
their career on their own. 

In fact, it is the responsibility of every 
one of us to see that the existing learning 
institutes work more effectively, har¬ 
moniously and with a fair amount of 
equitable justice. 

The intense urge, hard work, discipline 
and, above all, self-sacrifice are some of 
the basic qualities that would make a 
man reach higher intellectual levels and 
for that matter in any field of intellectual 
pursuit. In this modem age, collective 
effort and team spirit are necessary as the 
multidisciplinary approach has become the 
order of the day, particularly in sciences. 

Taittireeyopanishar says . Athadhi 
vidyam Acharyah poorvaroopam an- 
tevasyuttararoopam vidya sandhihi 
pravachanagum sandhanam ityadhi 
vidyam\ that is, knowledge grows only 
out of a churning process of intellectual 
minds and it is possible only through 
constant contemplation of the teacher and 
the taught together (my cmde translation). 
I believe that the above-said concept is 
valid even today and, in fact, it is the 
need of the hour. After all, it is the 
human being that matters and not the 
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Institute in the form of materials for the 
advancement of the intellectual mind. I 
am sure Mahajan and his friends in USA 
would give serious thought before they 
embark on such lofty ideals of making 
India rich in the advancement of science. 


1. Mahajan, S. M., Curr. ScL, 1994, 64, 503- 
508. 

2. Taittireeyopanishat (Sanskrit—Telugu ver¬ 
sion), 1986, Sri Ramakrishna Mutt, Madras. 


N. L. Mohan 

Centre of Exploration Geophysics 
Osmania University 
Hyderabad 500 007, India 


Starting with Ramakrishnan’s^ excellent 
critique of the proposal for an NSU, 
enough letters have appeared in these 
columns to show that our community is 
well aware of how silly^ self-serving and 
pernicious this proposal is. Is it really 
possible that with so much opposition, 
based on the most rational grounds, this 
proposal can actually be pushed through? 
Are we really that weak? Or is it that, 
as usual, we are collectively afraid to 
rock the boat for fear of losing the scraps 
that are normally thrown to us? I believe 
that if we really wished to, we could 
stop this absurd scheme, no matter which 
stage it is at. 

There are two points that I would like 
to make regarding the correspondence 
that has appeared on this matter so far. 
First, most correspondents have diplomati¬ 
cally avoided the issue of the feudal 
structure of our scientific establishment; 
the two who have not have implicitly 
supported the status quo have either 
pointed out that it is a consequence of 
‘basic human nature^’ or that its existence 
is just ‘coffee-table gossip elevated to 
the status of proven fact^’. I beg to 
disagree. I have seen enough evidence, 
and I am sure most of us have, to show 
that Mahajan is quite right in asserting 
(i) that Indian science is controlled by a 
small number of generally competent 
scientists who control the money, jobs, 
important committees and policy, who 
are obsessed with the setting up of 
‘infrastructure’ rather than developing a 
strong scientific community, which is the 


real source of good science, and who mn 
their empires with their far less competent 
students and flunkeys, (ii) that in this 
set-up there is. no place for free thinking, 
independent, competent individuals, and 
(iii) that in the long run this cannot help 
but lead to a lustreless feudal set-up 
where there is little chance that great 
discoveries will be made. Can anything 
be done? As far as I can see, the only 
way out for the community is for enough 
individuals to refuse to cooperate with 
this power structure, willingly paying the 
price that will be exacted. Hopefully, in 
time a sufficient number of pockets of 
democratic, scholarly individuals dedi¬ 
cated to the development and promotion 
of good science will come into existence 
to provide a haven in the surrounding 
sea of mediocrity. 

Which brings me to my second point. 
Most of us who have actually dealt with 
school children would have noted that 
children who are bubbling with ideas and 
enthusiasm in the lower stages of school¬ 
ing gradually become duller, less ques¬ 
tioning and more conformist as they 
progress through school and college. In 
a sense the damage has already been 
done by the time they enter university. 
For this and other equally important 
reasons, I believe that the priority given 
to ‘higher education’ rather than primary 
and secondary schooling was a serious 
mistake. Quite apart from considerations 
of social justice, general literacy and 
universal and top-class schooling are a 
necessary condition for the existence of 
good universities, which as so many have 
pointed out are the source of good science. 
Although it is less glamourous and vastly 
more difficult, we would, in my opinion, 
have to go back and strengthen and vastly 
improve and extend the school system if 
we are really serious about providing 
conditions in which science will thrive 
in our country. 


1. Ramakrishnan, T. V., Curr. Sci., 1994, 67, 
516-519. 

2. Nityananda, R., Curr. Sci., 1.994, 67, 767- 
768. 

3. Vidyasagar, M., Curr. Sci., 1994, 67, 769- 
770. 


P. N. Shankar 

National Aerospace Laboratories 
Bangalore 560 017, India 


Any debate on the present state of univer¬ 
sities, and the need to start new elitist 
institutions, should take into account the 
changes in the sociological milieu in the 
country since independence. What are the 
changes that are relevant to a discussion 
on the quality of education being imparted 
in an ever-increasing number of colleges 
and universities? The diaspora of school, 
college and university students now come 
from families who have not even been 
remotely exposed to Victorian ethics and 
work culture of the ruling elite, be they 
Britishers or brown babus, and hence 
have not been influenced by the 19th 
century renaissance culture. This com¬ 
munity of people sees security in life for 
their progeny in jobs given/procured/ob¬ 
tained on the basis of degrees conferred 
by universities; all white-collar jobs have 
a pre-requisite eligibility condition of a 
university degree. The parents of this 
community then consider it obligatory for 
a family to do everything, fair and even 
foul, to see that the ‘child’ first gets a 
degree, and then a DA-linked job, if 
possible with a sinecure of pension, and 
thus provide security to the family. And, 
of course, a job with the title of ‘officer’ 
is most desirable. 

The above milieu is typical of an 
average Indian family, and this precludes 
cultivation of scientific temper, and a 
striving for excellence at the individual 
as well as group level. 

The process of educating a science 
student in the above milieu is beset with 
additional problems. Rich financial 
rewards are forthcoming in just 4—6 years 
after + 2 stage for students of professional 
courses (engineering, medicine, architec¬ 
ture, management, etc.), but a science 
student is not sure of a job even after 
pursuing studies for 10-11 years (5 for 
M Sc, 5-6 for Ph D). All students who 
take up higher studies in science, leaving 
few exceptions, are then dis-spirited souls 
for they innately consider themselves as 
‘rejects’ of the competitive examination 
system, time and again, at +2, +3, +4 
and -1-5 stages. 

An additional point, often overlooked, 
is the following. There is an enormous 
parental pressure on a child to work hard 
from the 5th or 6th standard onwards 
and thus be prepared well for appearing 
in competitive examinations. This pressure 
continues even in the undergraduate years 
of the ‘child’. This is unlike the scenario 
in a western country, say USA, where 
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pressure mounts on a student only at the 
college level. Thus, a post graduate stu¬ 
dent in India is a tired, and more ojften 
than not a frustrated student. 

As such, even in so-called good in¬ 
stitutions, it is hard to come across bright, 
eager and curious students, or for that 
matter even young teachers, with a scien¬ 
tific temper. 

It is not surprising then to find the 
academia, which is a part and parcel of 
the above milieu, and also happens to 
belong to the community of parents, ad¬ 
justs readily to the path of least work 
and maximal returns in teaching and 
evaluation of students. In many a place 
the society lauds these efforts, and in 
some places extends whole-hearted 
cooperation as in the so-called ‘copying 
belts’. The politician is ever responsive 
to these efforts. 

The administrators of colleges and 
universities do their bit too-they confer 
practically time-bound promotions in the 
name of evaluating and recognizing merit. 
And at the pinnacle of this edifice is the 
showering of umpteen awards on the 
same individual for the same academic 
contribution. 

Five decades into independent India, 
the above milieu, slowly but surely, cor¬ 
roded the university system at all levels- 
be it in teaching and evaluation, or in 
promoting intellectual excellence, or in 
the peer evaluation of academics. An 
aftermath of this is the inferiority complex 
of the intelligentia, leaving a few 
honourable exceptions, vis-d-vis the 
western academia. There is a need to 
address ourselves urgently to the above 
problems. Some suggestions are made 
below. 

We have enough examples of attitudes 
of excellence in our ancient civilization 
that led to great levels of intellectual 
thinking, scientific and technological 
achievements (rust-free iron, finest tex¬ 
tiles, surgical practice of plastic surgery 
of noses, architectural marvels of temples 
and mosques, etc.). We ought to inculcate 
in the young minds respect for one’s self 
and also for our civilization. 

The student load on the university sys¬ 
tem should be reduced substantially by 
delinking the connection between degrees 
and jobs. There need not be a precondition 
for a person to have a Bachelor’s degree 
in order to be eligible to be a clerk, an 
assistant in an office, or an officer in all 
sorts of organizations, public and private. 


Anyway, most organizations do conduct 
their own written and oral tests for select¬ 
ing personnel (Insurance, Banking, Postal, 
Civil Services, etc.). 

The awardees of the National (Science) 
Talent Search Scheme be educated at two 
or three places only, and made to compete 
amongst themselves in a 5-year pro¬ 
gramme. The places of study should be 
chosen carefully, and the progress of the 
programme monitored and made flexible 
to meet the changing demands of the 
students. And let there be a review at 
the end of the 5-year period to see whether 
this group of students are any different 
from any other group - whether they are 
intellectually satisfied with what they are 
doing and learning, whether they are in¬ 
culcating the true scientific temper. And 
if the results are positive, one can even 
think of permitting them to take up any 
career they wish to (research, management 
or civil services), as such a group of 
youngsters would be a national asset and 
do good to all of us in any profession. 

Lastly, we should look avidly for that 
catalyst that would bring a transformation 
in the mindset of people so that society 
encourages excellence at the individual 
and the group level. 

M. V. R. Rao 

Department of Chemistry 
University of Delhi 
Delhi 110 007, India 


Amongst other things, the background to 
the NSU proposal recognizes and expres¬ 
ses sympathy for the declining and sorry 
plight of the.Indian Universities today. 
Most Indian universities at present suffer 
from a lack of motivated faculty. Only 
a small percentage of the faculty are 
really interested in research and teaching, 
the majority have either lost interest or 
were just looking for employment in the 
first place. This is a long-term problem, 
as a solution must await their retirement. 
Furthermore, the universities are im¬ 
poverished in terms of their work environ¬ 
ment, which includes some of the most 
basic facilities such as library subscrip¬ 
tions, computing facilities, e-mail, money 
for visiting and inviting collaboration. 

The NSU is supposed to serve as a 
model for the universities, but the question 


is: Will it even make contact with the 
universities? 

There are already several centres of 
excellence, e.g. there are the DAE, DST 
and other national institutes. These in¬ 
stitutions provide a good working en¬ 
vironment and easy collaboration oppor¬ 
tunities both at home and abroad. By 
themselves they are certainly successful. 
Also, young and talented faculty is very 
attracted to them as they are immune to 
the travails and pressures of a typical 
Indian university. Involuntarily, their 
effect has been to move motivated faculty 
from the depressed universities to these 
institutes. Such a pass could have been 
avoided if these institutes were located 
as autonomous centres in the universities, 
where the students could have access to 
their resources. As a matter of fact, most 
well-known institutes abroad have tradi¬ 
tionally been a part of a university or 
closely linked to one. For example, The 
Institute of Advanced Study, Princeton, 
The Institute of Theoretical Physics, Santa 
Barbara, etc. 

The NSU would be another such ex¬ 
clusive preserve outside the universities. 
Would it be either realistic or fair to 
expect its graduates to join a depressed 
and distant provincial University after 
doing international quality work? No, 
clearly the graduates would find more 
kinship abroad. The NSU would then 
become like some of our elitist institutes, 
their channels, directed abroad and not 
at the Indian Universities. 

There is also the question of public 
money. If the NSU was totally a private 
university with useful aims, it could start 
a new trend of quality private universities 
as we have abroad, We, in India, would 
then set up a whole structure for private 
universities, which is perhaps overdue. 

But if the NSU is based on a large 
corpus fund, (about 200 crores) to be 
provided from public monies, this is cer¬ 
tainly inequitous as far as all the other 
impoverished universities are concerned. 

There are indeed many other points of 
debate and the above two are the ones we 
have exposed to initiate a wide debate on 
the subject of higher education in general. 

ViKRAM SONI 

Theory Group 

National Physical Laboratory 
New Delhi 110 012, India 
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With a concern for the common man, 
we present some points just to care that 
they are not unsaid even if they are 
unread. 

There is a change in the attitude of 
youth of the country. They are worried 
about their future career and rightly so, 
due to rampant unemployment in the face 
of competition for jobs. Right from class 
one in school the child is groomed to 
aim at a professional career, viz. that of 
an engineer, medical man, a computer 
scientist etc. A boy who says that he 
would be out of this rat race and wants 
to live on his capability for pure science 
is one in a million in a year. No national 
science university can attract the rest in 
spite of their capability and potential, 
perhaps of a superior order than that of 
the ‘greatest’ scientist of the country in 
the ‘most important’ institution of 
‘national importance’ or ‘centre for excelh 
ence’, unless and until he is assured of 
a career which would get him benefits 
comparable to what he gets by opting to 
go to USA after equipping himself suit¬ 
ably or by taking up an executive or 
managerial position in some leading in¬ 
dustry in India. Just for the one in a 
million youthNwhich is capable of doing 
something original and worthwhile (if not 
hitting headlines) in pure science, a na¬ 
tional science university, and for that 
matter the existing special institutions, is 
a luxury which the country cannot afford 
with its teaming millions below the 
poverty line. 

Political interference and selfishness of 
some scientists who were somewhat active 
in the past three decades-who put the 
acquisition of name and fame for them¬ 
selves at the top and built up power 
blocs through committees and boards to 
keep themselves and scientists of their 
brand secure, have mined the universities, 
created institutions of ‘national import¬ 
ance’ and misled the youth away from 
their capabilities. Exploitation of the so¬ 
cial stmcture in the country for vote 
banks by politicians makes the word 
‘merit’ to mean a caste. The idea of 
‘merit-alone in creating a new university 
is ruled out. Again, autonomy of educa¬ 
tional institutions is a myth in our country. 
Autonomous institutions are seldom bold 
enough to change the pattern setded by 
the universities affiliated to them. Added 
to this the so-called enrichment of courses 
has made the whole system of higher 
education completely a farce. Students do 


not get marks for what they write but 
what an examiner decided they should 
get, whether the latter knows the subject 
or not. 

Our experience is that system-wise, 
aptitude-wise, competence-wise spe¬ 
cial institutions like the IIT’s, central 
institutions, centres of advanced study 
etc., are none the better inspite of the 
‘laws of social justice’ not applying to 
some of them. Again, in the institutions 
of higher learning of national importance, 
it is more the youngsters’ capability, the 
pressure to which he/she is put and the 
lavish facilities available in these institu¬ 
tions than the guidance and interaction 
with the senior scientists which helps 
them to come up. A new phenomenon 
is that a few youngsters who join these 
institutions leave them after 2 or 3 years 
for better prospects in USA. It is in¬ 
variably the case that an expert, recog¬ 
nized so by his peers after a residence 
of 12-15 years in such an institution, is 
unable to inspire a beginner with his 
exposition or interaction. An investment 
of several crores for identifying a few 
experts (perhaps not more than a dozen) 
in 2 or 3 decades with some of these 
‘experts’ themselves migrating to 
developed countries is certainly bad for 
this country. In fact, a conceited effort 
to downgrade the universities by dumping 
on them experts from these institutions 
considered ‘substandard’ by them has 
been noted in the past one decade. These 
important institutions have killed in this 
process disciplines in which some good 
original work was being done in other 
institutions by declaring the topics in 
which this work was done as unimportant. 
These special institutions are in no way 
comparable to university departments in 
eastern Europe, not to speak of com¬ 
parison with other special institutions in 
developed countries. They have proved 
incapable of getting abreast of interna¬ 
tional work of importance not to speak 
of attracting the attention of international 
scientists to their work, unlike what the 
Russians did in the post-war period. 

If really the NRIs are so dedicated now 
to the country which they deserted in the 
prime of their life for better facilities and 
comforts for themselves, the proposal is 
welcome but with the following 
provisions: 

1. Except perhaps the land required to 
house the institution which may be given 
by the Indian Government on short or 


long lease, the NRIs themselves should 
invest in the infrastmcture of the institu¬ 
tion expecting not even a paisa from the 
government. 

2. It should be mn as a non-profit making 
institution unlike self-financing profes¬ 
sional and science colleges. The idea 
should not be to exploit economic liberali¬ 
zation. 

3. It should consist of a permanent body 
of teachers (not necessarily researchers) 
who are ready to update themselves, who 
are wedded to the welfare of the country 
and its youth, who are known to inspire 
the youth with their exposition and depth 
of knowledge and who are not after 
money. An ideal model to emulate is the 
old Madras Institute of Technology. 

4. The new institution should not create 
an impression that the existing institutions 
are useless. One of its main aims should 
be to assess the capabilities of the existing 
institutions in a dispassionate manner and 
cooperate with these institutions (not as 
a big-brother of course) in reorienting 
higher education throughout the country. 
With the present size of the country even 
hundred institutions like the NSU will 
not be enough to cater to the needs of 
the country. As Nobel Laureate S. 
Chandrasekhar once remarked, the impor¬ 
tance of the existing universities in the 
context of higher education should not 
be ignored. The alumni of the new in¬ 
stitution should not be encouraged to 
cultivate snobbery. They should be made 
to realize their responsibility towards the 
future of the country so that they do not 
go the way their elders did by declaring 
themselves great and others as 
non-entitites. It should not be as if staff 
and alumni of NSU will have to be 
invited to other institutions while those 
in the latter will not be invited but could 
go by themselves to learn in NSU. 

5. The original capability of Indians in 
keen memory and computation should 
not be altogether forsaken in the struc¬ 
turing of courses in the NSU. If we have 
to make a mark in originality these strong 
traits will have to play a role. There 
should be a lot of options for students 
in combination of courses. This is where 
BITS, Pilani succeeded with no great 
contribution in teaching and this is where 
all universities failed. 

6. Evaluation should be credible with the 
teacher alone responsible for continuous 
evaluation, with of course, checks for 
errors of judgement. The staff and courses 
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also should be evaluated by the students. 

7. There are NRI scientists who consider 
themselves as custodians of science for 
our country and for whom certain Indian 
scientists and topics of study alone matter. 
If NSU were to be promoted by these 
scientists it is very remote that NSU 
serves the country. More than the prestige 
that we do science comparable with that 
of developed countries by showing up a 
few experts acceptable to the scientists 
elsewhere, we need to build up confidence 
in our youth that we are capable of 
original work (not tinkering as of now) 
which the rest of the world will have to 
value and which is of use in our country 
and for our country. 

8. Any concessions shown in fund 
generation and certification should be 
strictly audited by an independent and 
competent agency. 

9. There has been so far no assessment 
of the spending in the institutions of 
national importance some of which have 
the cover of agencies like DAE or the 
Planning Commission. It is high time that 
the investment made by the government 
in them inclusive of the expenses of 
experts in visits abroad in terms of money 
and material is let known to the public. 
The outcome of this investment in terms 
of significant work which had impact on 
world science or the life of the common 
man in our country should also be 
evaluated dispassionately by a committee 
which consists of experts not connected 
with these institutions from India and 
abroad. Such an evaluation would help 
in arriving at proper priorities for the 
NSU. 

10. The NSU should not be concerned 
only with post-school science education. 
The choice of personnel for NSU should 
be in such a way that they show concern 
in cultivating interest in and popularizing 
science and original thinking in children 
right from the primary stage. 

M. S. Rangachari 
G. Rangan 

Ramanujan Institute for 
Advanced Study in Mathematics 
University of Madras 
University Buildings 
Chepauk, Triplicane P.O. 

Madras 600 005, India 


Swadesh Mahajan’s proposal to set up a 
National Science University (NSU) in 
India reflects that our NRI colleagues are 
beginning to show concern for the 
development of scientific environment in 
‘Swadesh*. It seems that Mahajan is com¬ 
pletely disillusioned with the prevailing 
state of affairs in the field of science 
and technology in India. But what appears 
like an allegation by Mahajan - that 
scientific establishment in India is 
managed by a few extremely powerful 
people-was, in fact, a necessity in the 
initial post-Independence period. The 
country needed such important and power¬ 
ful persons who had full faith and support 
from its leaders. And it is these very 
people who laid the foundation and raised 
a platform with basic amenities and a 
reasonably good number of laboratories 
to quench our thirst for science. Their 
efforts put India (once considered a land 
of snakes and sadhus) in tune with the 
league of international scientific com¬ 
munity. These ‘powerful persons’ had one 
thing common among them, viz. in spite 
of their personal differences they worked 
as a cohesive force ‘and their combined 
efforts resulted in the development of a 
science policy, planning, management 
and different scientific departments at 
governmental level. 

It would be unwise if we wholehearte¬ 
dly ignore their capabilities. Mahajan or 
other leading personalities are now in a 
position to condemn the affairs of Indian 
science and scientists only because they 
know we have sufficiently equipped 
laboratories and potentially competent 
younger generation of scientists, who in 
spite of all the hardships have carved out 
a ‘small niche’ for themselves in the 
scientific community. The erstwhile 
powerful persons are aware of this sort 
of development and circumstantially they 
are now sitting in the outer periphery of 
scientific management. Establishment of 
NSU at this stage will again put the 
strings in their hands because as per 
Mahajan’s proposal the management trust 
of NSU will consist of retired academics, 
intellectually oriented politicians and 
doyens of industry. These persons will 
obviously be selected/nominated by the 
so-called earlier powerful persons and in 
the process another lot of powerful per¬ 
sons will form a new coterie of science 
managers. Being one of the supreme and 
highly budgeted organization, NSU mana¬ 
gers will have a natural edge over others. 


In order to avoid such a situation, a 
long-term policy needs to be drawn to 
attract and absorb fresh trained scientists 
on completion of their Ph D. To start 
with they may work as scientific assistants 
for 2-3 years and then get absorbed in 
the mainstream of scientists after proper 
scrutiny and selection. For a better future, 
therefore, instead of looking to the western 
world, NRIs and NSU for lucrative offers, 
we should consider the Indian conditions 
and take care of our young frustrated 
scientists who are unable to find their 
place in science and society due to their 
temporary and ad hoc positions. 

A. K. Srivastava 


Birbal Sahni Institute of Palaeobotany 
53 University Road 
G.P.O. Box 106 
Lucknow 226001, India 


A layman’s views on 
‘Science in India’ 

After going through the special section 
on NSU in Current Science (1994, 67, 
502-520), I would like to express some 
long-standing, personal views on ‘Science 
in India’, as a lay-person. 

In our (primary and secondary) educa¬ 
tion system there is no method of iden¬ 
tifying the aptitudes of children. Talent 
exists among students of all schools, irres¬ 
pective of their academic stature or loca¬ 
tion (rural/urban). Methods need to be 
devised to identify aptitude for science 
among school children. One classic exam¬ 
ple is that of Ramanujan, whose genius 
in mathematics was not detected at a 
very early stage. 

Children are not aware of science as 
a profession. Ask children what they want 
to become in future, and the answers one 
gets are ‘doctor’, ‘engineer’, ‘IAS officer’, 
etc. But it is hard to spot children who 
want to become scientists. Excepting 
places where there are research institu¬ 
tions, people in general are unaware of 
science as a profession (?), or of any 
serious research being done in India, This 
is partly because of the fact that majority 
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of our scientists are not doing research 
relevant to the society at large. For most 
of our children (and also lay-people) 
scientists are a breed long extinct and 
evoke the memories of Newton or 
Einstein. Our scientists need to do re¬ 
search useful in solving the problems 
faced by the society. An awareness needs 
to be created among children that ‘scien¬ 
tific research’ is also a creative profession 
useful to the society. 

It is necessary that we nurture scientific 
temperament in children. Parents, in 
general, do not encourage experimentation 
or exploration, which they consider as 
dangerous tendencies. When children con¬ 
form to the established norms, do rote 
reading and score good marks, parents 
feel happy and successful in their roles. 
The catch phrase is ‘curiosity killed the 
cat’. But this curiosity is the very basis 
of all discoveries and inventions. How 
many parents kill the curiosity of their 
children to save cats. We need to encour¬ 
age bur children to be curious (of course, 
in non-destructive ways), to have more 
scientists in future. 

Students finishing their 10th standard 
with good marks continue their +2 in 
science stream. This is not due to aptitude 
in science alone; there are parental and 
societal compulsions. After +2 those scor¬ 
ing very good marks opt for professional 
courses like medicine and engineering. 
The second best continue undergraduate 
studies in science. On graduation many 
opt for civil services and other competitive 
examinations. Many students also pursue 
management studies (MBA). The rest con¬ 
tinue for M Sc. After M Sc many bright 
students go abroad for doing Ph D. 
Among those who pursue doctoral re¬ 
search in India, many who work on good 
topics, in better institutions, under well- 
established, well-known and well- con¬ 
nected guides leave the country for better 
places, most often to developed countries. 
This migration is not for monetary 
benefits only. People failing to get even 
an assistantship here have made it big 
elsewhere. The residue of this repeated 
desertion (selection?) constitute the 
majority (but surely not all) of our scien¬ 
tific manpower. 

Brain-drain is held responsible for the 
low quality and quantity of research in 
India. May be it is true to some extent. 
But the question is: Are we able to 
provide a conducive atmosphere for doing 
‘good science’ to the draining brains? As 


long as we are unable to do that, why 
cry about them? Many of those brought 
back from abroad with much fanfare are 
disillusioned and frustrated. Some of the 
‘super brains’ who come back are 
mediocre persons, who just managed to 
go abroad. Often we fail to identify local 
talents. For want of methods to assess 
the real worth of a person, we accept a 
‘foreign-returned’ stamp as sure evidence 
of ‘greatness’. 

It is often stated (quite boastfully at 
times) that India is the third largest scien¬ 
tific manpower in the world (hope we 
are not trying to improve our position!). 
Having a large scientific manpower means 
huge expenditure in salaries and perks. 
By spending much what are we getting 
in return? Is it a matter of pride to have 
one of the largest scientific manpowers? 
We are the second largest population in 
the world and we are not proud of that. 
On the contrary, we are trying to control 
population growth by all means. What is 
not known is where we stand in terms 
of scientific output. Are we 3rd or 30th? 
A country which is at the nth position 
in the size of scientific manpower and 
also at least at the nth position in terms 
of its scientific output has a reason to 
be proud of. 

Drastic reduction in government fund¬ 
ing has created much despair and anguish. 
Government attitude is variously des¬ 
cribed as ‘benign indifference’ and 
‘benign neglect’. The previous govern¬ 
ments were as much at fault in keeping 
science dependent on government 
funding as the present one is in dras¬ 
tically cutting the assistance. Self- 
reliance and self-sufficiency can be 
achieved only gradually (over a 
decade or more). If only the mistake 
is realized and corrected, our scientific 
institutions, painstakingly built over 
a long period, have a chance for 
revival and survival. 

The stopping (reducing?) of recmit- 
ments and the promotion policies have 
made our research institutions ‘top-heavy’. 
The situation is that there are many senior 
scientists, but there are very few at junior 
levels (JLAs, SLAs, JSAs, etc,), resulting 
in scarcity of people who work in 
laboratories and in fields. Senior scientists 
interested in working feel as if their hands 
are tied. Those who consider a job in a 
research institution as a long, well-paid 
holiday have an excuse for their ‘non¬ 
delivery’ of goods. 


Majority of our people struggle for 
food, clothes and shelter. Do we need to 
do research on ways and means to solve 
their problems or send a rocket to the 
outer space? In and around our major 
cities there are huge slums in which 
people migrating from villages live under 
subhuman conditions. These people are 
forced to leave homes, and near and dear 
ones for want of gainful employment in 
their native villages. They are happy in 
their villages if they get less than half 
of what they earn by doing odd jobs in 
cities. Our scientists need to develop tech¬ 
nologies (i) for village industries using 
locally available raw materials (resources), 

(ii) for feeding these people, for providing 
them low-cost clothing and housing, and 

(iii) for remedying their diseases and 
containing the ever-increasing population, 
on priority. 

Without correcting these basic flaws, 
there is no way science can progress 
(and prosper) in India. Establishing a 
National Science University needs to 
be considered seriously. But these un¬ 
derlying anomalies need to be corrected 
first. 

Mrs S. John 

Shibu Nivas, Sagar Park 
5. No. 46/9, Nagar Road 
Pune 411 014, India 


On Current Science 


Not so current 

I am reading Current Science regularly 
and find that most of the pages in the 
journal is devoted to history of Science 
and Scientists which I think is not all 
that relevant to the present day science. 
Another type of articles where too many 
pages are devoted is on history of 
‘Academies’. Thus, there is, very little 
in print on science currently done in 
Current Science as one reads in the jour¬ 
nals Science or Nature. In fact, these 
general articles on history of science, 
scientists and academies are no better 
than those popular articles appearing in 
The Hindu, Wednesday, Science and 
Technology issues. I am sure that the 
readers like me would like to see current 
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important developments in science rather 
than the historical accounts or quarrels 
of academicians. I trust that you would 
take note of this and consider my feelings 
while deciding policy matters as to what 
to print in future. 

M. S. Hegde 

Solid State and Structural Chemistry Unit 
Indian Institute of Science 
Bangalore 560012, India 


Keep it up 


This is just to tell you how much I 
appreciate your having printed Prof. 
Legget’s excellent talk in Current Science 
(1994, 67, 785). I missed hearing this 
talk but your wisdom in printing it has 
permitted people like me to be aware of 
its important contents. I also enjoyed your 


‘A personal view’. 

Current Science is doing really 
well. .. . 


P. N. Shankar 


69, Kasturba Road 
Bangalore 560 001, India 


NEWS 

Report on the Third National Meet of CD-ROM/Online Users NICLAI, CLRI, 
Madras, August 9-10, 1994 


Institutions worldwide spend billions of 
dollars annually on Research and 
Development. In the process they generate 
a vast amount of information which needs 
to be effectively managed. Academic re¬ 
search funded by the government adds 
substantially to the volume. The tradi¬ 
tional method of information management 
in the form of printed journals, books, 
reports, etc., contributes to delays in ef¬ 
fective communication and causes loss of 
time and money. Increasingly, the scien¬ 
tists are willing to abandon tradition and 
pursue new technologies in an effort to 
manage the information more effectively. 
The developments in information tech¬ 
nology (IT), which include computers and 
communications, have led to this trend. 
The rapid advancements in computers, 
storage media, software packages, 
graphics technology for processing infor¬ 
mation and public switching telephone 
networks for information access have 
eased the situation considerably. These 
developments have made it possible to 
convert large volumes of information into 
machine-readable form as databases and 
are accessible through telecommunication 
lines remotely, in the form of CD-ROMs 
and online accessing of information. 

The Third National Meet of CD-ROM/ 
Online Users was sponsored by National 
Information System for Science and Tech¬ 
nology (NISSAT), Department of Scien¬ 
tific and Industrial Research (DSIR), New 
Delhi, and organized by National Infor¬ 
mation Centre for Leather & Allied 


Industries (NICLAI) at the Central Leather 
Research Institute, Madras, during August 
9-10, 1994. Its objective was to assess 
the current national and international 
situation, the utility of the CD-ROM ser¬ 
vices, their popularization within the 
country, and to provide a fomm for ex¬ 
change of experiences on this new tech¬ 
nique. The meeting focused its attention 
on the databases available, demand for 
search services, target users, problem 
areas and possible solutions. The meeting 
was attended by 205 participants from 
91 institutions all over the country, rep¬ 
resenting a galaxy of R & D, academic, 
corporate, entrepreneuring institutions, 
etc. Eleven information industries engaged 
in IT products participated in the meet. 

The meet was organized into eight tech¬ 
nical sessions. The inaugural session was 
held on 9th August 1994. Dr T. 
Ramasami, Senior Deputy Director, 
Central Leather Research Institute, wel¬ 
comed the participants and highlighted 
the need for a change in the information 
services scenario on account of develop¬ 
ments taking place in computer and com¬ 
munication technologies and storage 
media like CD-ROM, which could be the 
best solution in the future. Dr A. Lahiri, 
Joint Advisor, NISSAT, DSIR, New 
Delhi, while briefing about the meet ex¬ 
plained its objectives and the opportunities 
for both buyers and sellers of information 
for coming together and discussing each 
other’s requirements and problems. He also 
stressed that duplication in the acquisition 


of CD-ROM databases should be avoided 
to save the valuable foreign exchange. 

Prof. M. Anandakrishnan, Vice Chan¬ 
cellor, Anna University, Madras, delivered 
the keynote address. He complimented 
the NICLAI, Central Leather Research 
Institute and NISSAT for organizing this 
important meet specially in Madras and 
emphasized the viability of CD-ROM 
technology and advocated resource shar¬ 
ing due to its cost factor. He expressed 
that information services should not be 
restricted to urban areas alone, but should 
be extended to rural areas as well. 

Mr S. Subba Rao, Assistant Director, 
Information Science, CLRI and the con¬ 
venor of the meet, highlighted the achieve¬ 
ments of the two previous meets held at 
New Delhi in 1992 and 1993: 

1. General increase in awareness on the 
online/CD-ROM technology in the country. 

2. Extension of customs duty exemption 
up to 15% ad valorem to R & D institu¬ 
tions and to those not engaged in com¬ 
mercial activities vide Notification No. 
68/93-Cus., dated 28-02-1993. 

3. Awareness of the users to secure fair 
prices for the CD-ROM equip¬ 
ment/databases from the vendors by way 
of direct negotiations and availing of 
possible discounts like multiple copies, 
educational, etc. 

4. Improved knowledge about the 
modalities for procurement of CD-ROM 
database through a passbook scheme. 

5. Initiation of activities towards rationali¬ 
zation of subscription to CD-ROM 
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databases in metropolitan cities. 

The inaugural session concluded with 
the vote of thanks proposed by the con¬ 
venor. 

Session I was chaired by Mr M. N. 
Seetharaman, GIST, Bangalore. This ses¬ 
sion was devoted to CD-ROM scenario 
pertaining to databases and services in 
business, physical and engineering sciences, 
including patents and standards. The lead 
topic of the session was Trends in CD- 
ROM technology, world scenario’. Seven 
presentations were made in this session. 

Session II was devoted to CD-ROM 
scenario pertaining to databases and ser¬ 
vices in biomedical and allied sciences 
(biotechnology, food sciences, full text 
databases, library applications, retrospec¬ 
tive conversion). There were five presen¬ 
tations in this session. This session was 
chaired by Dr S. Kunthala Jayaram, CBT, 
Madras. 

Session III was devoted to CD-ROM 
acquisition and copyright issues and was 
chaired by Dr S, S. Murthy, DESIDOC, 
New Delhi. The lead topic of the session 
was ‘CD-ROM commercial issues con¬ 
cerning distribution, usage and scenario’, 
followed by two presentations, viz. survey 


RESEARCH NEWS 

New roles for RNA 

K. K. Narayanan 

Ribonucleic acid (RNA) is the most abun¬ 
dant form of nucleic acid in all cells; its 
concentration being five to ten times that 
of deoxyribonucleic acid (DNA). The 
principal and best understood role of RNA 
is as an intermediary in the translation 
of genetic information contained in DNA 
into proteins. In certain vimses, including 
the AIDS vims, RNA itself is the genetic 
material and gene expression is preceded 
by the copying of the RNA into com¬ 
plementary DNA. RNA, in association 
with certain proteins, is also known to 
be a stmctural component of subcellular 
bodies like the ribosomes—the centres of 
protein synthesis. Recent investigations^’’ 
have shed light on the many more inter¬ 
esting ways in which RNA participates 
in cell function. 


of CD-ROM databases and services in 
India and procurement of CD-ROMs. 

Session IV was on 10th August 1994 
and was devoted to CD-ROM hardware/ 
software and networking. This session 
was chaired by Dr R. Srinivasan, NAL, 
Bangalore. The lead topic was ‘CD-ROM 
hardware/software selection criteria and 
the issues concerned’, followed by four 
presentations of CD-ROM standards and 
networking in this session. 

Session V was devoted to CD-publish¬ 
ing and CD-ROM applications. This ses¬ 
sion was started with the chairperson’s 
remarks on CD-publishing, options and 
opportunities by Mr N. V. Satyanarayana, 
Informatics (India), Bangalore. Two 
presentations on multimedia and hypertext 
were made in this session. 

Session VI was devoted to online 
scenario. This session was chaired by Dr 
Anju Chadha, SPIC, Madras. The lead 
topic of the session was ‘Online industry: 
trends and forecast’, followed by six 
presentations on telecom options, 
NACIDs, INTERNET and user feedback. 

Session VII was devoted to company 
presentations, wherein the following 11 
companies participated; STN, USA; 


ESA/IRS, New Delhi; CMC, Bangalore; 
Informatics Group, Bangalore; GIST, New 
Delhi; Allied Publishers, Madras; Vans 
Information & Investors Services, Bom¬ 
bay; City Computers, Madras; Nexus 
Computers, Madras; World Trade Centre, 
Bombay; and C-DEC, USA. This session 
was chaired by Dr A. Lahiri, NISSAT, 
New Delhi. 

The concluding session was chaired by 
Dr N. V. C. Swamy, IIT, Madras, who 
gave away the prizes to the three winners 
on the CD-ROM/Online Quiz sponsored 
by informatics Group. Dr Swamy recalled 
his research days when information had 
to be obtained manually, compared to the 
recent developments in information ac¬ 
cess. He expressed that networking of 
libraries is mandatory for effective infor¬ 
mation dissemination. Prof P. Soma Raju, 
Andhra University, Waltair, presented a 
bird’s eye view of the proceedings of 
the meet, as a Rapporteur General. The 
meeting concluded with the vote of thanks 
from Ms Kamini Mishra, NISSAT, New 
Delhi, the co-convenor of the meet. 

S. Subba Rao, Central Leather Research 
Institute, Madras 


Types of RNA in the cell 

The RNA molecules that carry the infor¬ 
mation from DNA to the actual sites of 
protein synthesis, the ribosomes, are the 
messenger RNAs (mRNAs). At any point 
of time, there will be several thousand 
kinds of mRNAs, each kind corresponding 
to a gene being expressed at that time. 
However, all the mRNAs together account 
for less than five per cent of the total 
cellular RNA. The most preponderant 
form of RNA in the cell is the ribosomal 
RNA (rRNA), which forms a stmctural 
component of the ribosomes. Three or 
four species of rRNAs make up nearly 
80 per cent of the cellular RNA. Another 
15 per cent of the cellular RNA is made 
up of nearly hundred kinds of transfer 


RNAs (tRNAs), whose primary function 
is to carry amino acids, the building 
blocks of proteins, to the ribosomes. Most, 
if not all, cells also contain a variety of 
other small cytoplasmic RNAs (scRNAs), 
and cells of higher organisms contain, in 
addition, a variety of small nuclear RNAs 
(snRNAs). 

Cellular RNA is mostly single-stranded, 
although the genetic material of some 
vimses is made up of double-stranded 
RNA molecules that resemble a form of 
DNA. The single strands, almost invariab¬ 
ly, form three-dimensional stmctures 
through base pairing between complemen¬ 
tary regions within the same RNA 
molecule. The double helical structure at 
the paired regions is often short and 
intermpted because the base sequences 
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on the two interacting strands are rarely 
perfectly or continuously complementary. 
This secondary and tertiary configuration 
of the RNA molecule is implicated in 
the specialized functions that certain RNA 
molecules can perform in the cell. The 
dependence of a function on proper RNA 
structure is most typically exemplified in 
the case of tRNAs. In spite of their 
distinctive nucleotide sequences, the three- 
dimensional structure of all tRNAs is 
very similar and maintenance of their 
stmcture is critical for their biological 
function. 

Catalytic RNAs 

Till recently, it was believed that only 
proteins can make enzymes. However, 
this changed with the discovery, in the 
protozoan Tetrahymena, that an RNA 
sequence can catalyse the removal of 
intervening sequences of certain genes, 
or introns, from the pre-mRNAs and bring 
together the coding regions^; this process 
is called intron splicing. Since then, many 
cases of intron removal from the pre- 
mRNAs in lower animals and plants, and 
in cell organelles of higher plants and 
animals, have been attributed to the 
catalytic activity of the RNA. Such 
catalytic RNAs are often part of the intron 
sequence that is spliced and, therefore, 
such introns are called self-splicing in¬ 
trons. Many nuclear genes in higher plants 
and animals are interrupted by introns. 
Intron splicing for these genes occurs 
through a more complicated mechanism 
which involves a ribonucleoprotein com¬ 
plex, the spliceosome. Certain types of 
RNAs are active components of the splice¬ 
osome. A few enzymes that were earlier 
characterized were found to be associated 
with RNA molecules. RNA was thought 
to have only a structural role in such 
enzymes, but now there is increasing 
evidence to suggest a catalytic role for 
the RNA component as well. In most 
instances, the catalytic RNA sequences 
by themselves are capable of cleaving 
the substrate, which is always another 
RNA molecule, like any protein enzyme, 
and, therefore, these are called RNA en¬ 
zymes or ribozymes. 

The activity and specificity of ribo¬ 
zymes are, again, properties of their three- 
dimensional configuration. It has now 
been possible to design and synthesize 
ribozymes to cleave specific RNA sub¬ 
strates. This area of science is now under 


active investigation as ribozymes have a 
potential therapeutic value in treating dis¬ 
eases caused by RNA viruses, like AIDS. 

RNA editing—a new twist in gene 
expression 

It is generally accepted that all genetic 
information is contained in stretches of 
DNA in the form of specific sequence 
of nucleotides and this information is 
copied to RNA molecules, the mRNAs. 
The mRNA then directs the assembly of 
amino acids into protein, strictly in accor¬ 
dance with the genetic code contained in 
its nucleotide sequence. The genetic in¬ 
formation, once transcribed into an mRNA 
was thought to be immutable, thus en¬ 
suring translation of a protein entirely 
based on the DNA sequence. This view 
underwent a radical change with the dis¬ 
covery, a few years ago, in Trypanosomes 
that some mitochondrial mRNAs under¬ 
went changes in their sequence resulting 
in the synthesis of proteins that were not 
entirely in accordance with what was 
encoded by the DNA'^’ This phenomenon 
has come to be known as RNA editing. 
RNA editing was so extensive for some 
of the mRNAs that the genes were un¬ 
recognizable at the DNA sequence level. 
RNA editing has now been reported in 
many organisms and it is very common 
in plant mitochondria and chloroplasts. 
While in Trypanosomes RNA editing 
results in the addition or deletion of a 
nucleotide residue (U), in plant organelles 
it generally results in the conversion of 
one nucleotide residue to another (C U). 
RNA editing is a highly specific process 
and always results in the generation of 
a nucleotide sequence that codes for the 
correct protein. The exact mechanism of 
RNA editing in plants is not yet clear, 
but that in Trypanosomes has been 
thoroughly worked out. In this group of 
organisms, a chief component of the edit¬ 
ing machinery is a specialized RNA 
molecule called guide RNA (gRNA). The 
gRNA associates with an unedited mRNA 
with the help of an ‘anchor’ sequence 
and directs the addition or removal of U 
residues at specific positions. Few to many 
gRNAs participate in the editing of one 
mRNA, depending upon the extent of 
editing required to generate the correct 
genetic sequence. 

In most instances, RNA editing has 
been found to be necessary for the syn¬ 
thesis of functionally competent proteins. 


One disorder associated with fat metabo¬ 
lism has been attributed to improper edit¬ 
ing of the nuclear apolipoprotein B gene 
transcript which is present in all mammals. 
In plants, recent reports have suggested 
that failure of RNA editing results in 
male sterility in tobacco and rice. 

More to rRNA function 

The translation of an mRNA sequence 
into proteins in the ribosome involves 
the interaction between the mRNA and 
tRNAs. The correct ordering of the amino 
acids in a protein is facilitated by the 
sequential interaction of the ‘anticodon’ 
region of tRNAs, each of which carries 
a specific amino acid, with the triplet 
nucleotide code (codon) on the mRNA. 
But the codon-anticodon interaction in 
itself is not sufficient to ensure efficient 
and accurate decoding of the genetic mes¬ 
sage and was long thought to be assisted 
by the protein components of the 
ribosomes. The rRNAs, which- are also 
part of the ribosome complex, were not 
ascribed any function other than being 
mere stmctural components. Recent 
studies have shown that one species of 
rRNA, the 23S rRNA, plays a key role 
in peptide bond synthesis, the bond that 
connects two adjacent amino acids in a 
protein chain. Very recently, a report in 
Nature^ gives evidence for the active 
involvement of another species of rRNA, 
the 16S rRNA, in decoding the genetic 
message carried by the mRNA. As more 
and more functions of the rRNAs in 
protein translation are unravelled, it may 
well turn out that the RNA species 
have as many, if not more, roles as 
the protein components in the whole 
process. 

RNA and evolution of life 

The quest for the elusive molecule whose 
appearance signalled the beginning of life 
on this planet has been going on for a 
very long time. The obvious candidates 
were DNA and protein; but in spite of 
endless debates, no satisfactory answer 
for the ‘chicken or egg’ question has 
emerged. But now, with the unravelling 
of more RNA-governed activities which 
are vital for cellular life^, RNA is emerg¬ 
ing as the most likely candidate for the 
first ‘life molecule’. There is already a 
big group of scientists who believe that 
multifunctional RNAs were vital for the 
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existence and perpetuation of the first 
forms of life. Many of the cellular proces¬ 
ses that are observed today, like RNA 
editing or intron splicing, they believe, 
are relics of the ‘RNA world’. 
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OPINION 

Genetic resource mapping and fisheries management 

B. K. Padhi and R. K. Mandal 


The Indian fisheries sector has witnessed 
two rem^kable changes in the last four 
decades: (i) decline of natural fish popula¬ 
tions in open waters \ and (ii) develop¬ 
ment of aquaculture as a profitable 
business. Though fish production as a 
whole increased steadily during this 
. period (0.7 million tonnes in 1951 to 4.5 
million tonnes in 1993-94), the genetic 
and evolutionary consequences of these 
developments are less discussed and real¬ 
ized. We pointed out earlier^ some geneti¬ 
cally unsound practices which may affect 
aquaculture productivity and fish biodiver¬ 
sity. The effects of different anthropogenic 
factors on the fisheries resources are 
presented diagrammatically in Figure 1, 
which is self-explanatory. 

In this article we emphasize the im¬ 
mediate and long-term importance of 
genetic resource mapping for safeguarding 
and utilizing more purposefully the fish 
biodiversity resources existing in India We 
also elaborate here the concept of genetic 
resource mapping, the scientific approaches 
it needs, its approximate cost and utility. 

Genetic resource mapping 

Genetic variation in nature 

Genetic variability occurs within and be¬ 
tween the natural populations of a species 
occupying different geographical and 
ecological zones and is more prominent 
among freshwater fishes than in marine 
ones^. In population genetics terminology 
a ‘stock’ is defined as a randomly inter¬ 
breeding, self-reproducing subset of a 
species that is geographically isolated 
from other such groups^ The genetic 
stocks (separate spawning populations) 


that make up a species represent the 
fundamental units of both reproductive 
and genetic diversity; thus, they determine 
the ecological and evolutionary potential 
of the species. 

The genetic variation among stocks 
could be correlated with some adaptive, 
physiological and behavioural changes in 
them. These changes include differential 
spawning time, growth rate, disease resis¬ 
tance, heat and cold tolerance, pH 
tolerance, migratory behaviour, spawning 
performance and catchability. Genetic 
diversity is associated with immediate 
fitness and long-term evolutionary poten- 


tiar and is also associated with enhanced 
mean fitness of fish populations^. There¬ 
fore, the stock concept has assumed 
tremendous importance for effective 
management and conservation of fisheries 
resources. 

Conceptually, genetic resource mapping 
means identification and geographical 
localization of genetically differentiated 
populations (genetic stocks) of a species 
and assessing their evolutionary inter¬ 
relationship by quantifying genetic iden¬ 
tity/distance between them. In short, 
genetic resource mapping means 
documentation and cataloguing of intra- 


ANTHROPOGENIC STRESS 


POPULATION, POVERTY AND POLLUTION 


PISCICULTURE 



Figure 1. Anthropogenic factors operating in natural waters and aquaculture leading to the 
reduction of fish genetic biodiversity in the long run. 
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specific genetic biodiversity with an 
evolutionary bias. For drawing up of 
genetic resource map, aspects like 
molecular and biochemical genetics, 
evolution, zoogeography, ecology and 
demography of the stocks have to be 
taken into consideration. 

Genetic stock identification 

For genetic stock identification mor¬ 
phometric, ■ meristic, cytogenetical, im- 
munogenetical, biochemical and molecular 
genetic methods can be applied (Table 1). 
Of these techniques, biochemical genetic 
method,- particularly the isozyme 
electrophoretic markers, was extensively 
applied for stock identification study in 
the recent past. Isozymes are the multiple 
molecular forms of an enzyme and are 
the direct gene products. Any detectable 
change in the isozyme phenotype reflects 
the genetic change at the DNA sequence. 
During the sixties and seventies isozymes 
in fish were extensively studied in some 
western countries and the knowledge was 
applied for fisheries management in the 
eighties’. Since isozyme pattern cannot 
detect point mutations and conservative 
amino acid substitutions,’ it reveals only 
one-third or less amount of the genetic 
variation actually present. 

Rapid advances in molecular biology 
have helped to develop ‘molecular 
markers’ in the form of restriction frag¬ 
ment length polymorphism (RFLP) of 
mitochondrial DNA (mt-DNA) and 
nuclear DNA (nu-DNA). Typically, RFLP 
relies on physical purification of DNA, 
cleavage with a series of restriction en¬ 
donucleases and visualization of the 
resulting DNA fragments separated by 
electrophoresis. To locate the fragmenta¬ 


tion pattern, labelled nuclear genes or 
oligonucleotide probes are needed. On 
the other hand, mt-DNA being rather 
small gives rise to only a limited number 
of fragments which can be directly visual¬ 
ized on a suitably stained gel after separa¬ 
tion. However, due to poor yield or small 
sample size, labelling of the fragments 
can facilitate detection^. Mt-DNA RFLP 
is advantageous for its small molecular 
size (16-23 kb), higher evolutionary rate 
(than nu-DNA), lack of recombination, 
and predominantly maternal mode of in¬ 
heritance. Therefore, mt-DNA RFLP came 
into application in fisheries science in 
the late eighties only in some developed 
countries. A similar study was recently 
initiated by us^’^^ 

The advent of polymerase chain reac¬ 
tion (PCR) brought out some qualitative 
change in the approach of studying genetic 
variation in different populations of a 
species^. Specific genes can be amplified 
enzymatically from crude cell extracts 
using oligonucleotide primers correspond¬ 
ing to the two ends of a DNA (gene) 
fragment. Also, by using unequal amounts 
of two amplification primers, an excess 
amount of single-stranded DNA of a 
chosen strand can be synthesized for direct 
sequencing. By an appropriate choice of 
gene segments, it is possible to study 
DNA sequence variation among in¬ 
dividuals, local populations and/or 
species^*. Genetic polymorphism in 
nuclear DNA can also be studied by 
using random oligonucleotide primers for 
PCR amplification, followed by gel 
electrophoresis. This polymorphism, 
called random amplified polymorphic 
DNA (RAPD)‘“, can be used for genetic 
stock identification and also for iden¬ 
tification of quantitative trait loci 
(QTL). 


Applications 

The scientific information contained in 
genetic resource map has varied practical 
utility. 

Genetic stock integrity. Introduction of 
new stocks to an aquaculture system is 
relatively simple because such a water 
body is drainable and can be easily res¬ 
tocked. However, introduction of non¬ 
native stocks into large water bodies is 
problematic. Recently, the adverse effects 
on the fish gene pools arising due to 
genetic interaction between non-native/ 
hatchery stock and the native/wild stock 
in natural waters after purposeful release 
of a non-native stock or its accidental 
escape from the aquaculture system were 
realized. For example the recent evidence 
of genetic interaction between farmed and 
wild Atlantic salmon (Salmo salar) in 
Irish riversand introduction of Florida 
mouthbass gene into the native stock of 
the same species of Albama public 
waters'"^ suggests the intermixing of 
genetically different fish stocks, leading 
to ‘genetic homogenization’ or ‘admixture 
of genetic stocks’. Although hybridization 
(of different stocks) might provide a 
means of genetic diversity and fitness of 
hatchery stock, indiscriminate mixing 
could lead to outbreeding depression, a 
decrease in fitness attributable to nega¬ 
tive interactions between differentially 
adapted genotypes^. 

The interbreeding of different stocks 
leads to the formation of fertile F^ hybrid. 
Subsequent inter-crossing of these hybrids 
with the parental population would lead 
to genetic introgression. As a result, con¬ 
tamination of the germplasm of the 
transplanted and the native stock would 
occur. This is undesired, since this 
phenomenon would severely hamper the 
breeding programme in future. The 
genetic stock integrity can best be 
protected provided we have the scientific 
database of our fish genetic resources. 

Phylogeography and systematics. Genetic 
polymorphism often reveals geographical 
patteming^^. This permits us to label a 
stock to its zoogeographical locality. 
Moreover, the intra-specific phylogeny 
study would enrich biosystematics. For 
example, estimates of variability within 
a species are necessary for estimating 
correctly the genetic distance among the 
species. Systematic record of intra-specific 


Table 1. Techniques applied for stock identification 


Technique 

Markers scored 

Degree of polymorphism 

Morphometric measures 

e.g. measuring body depth, 
head length 

Low 

Meristic counts 

e.g. counting gill raker, fin rays 

Low 

Cytogenetics 

Chromosome number and 
structure 

Low 

Immunogenetics 

Antigenic determinants 

Moderate 

Isozymes 

Amino acid sequence 

Low 

Nuclear DNA RFLP 

Nucleotide sequence 

Moderate/high 

Mitochondrial DNA RFLP 

Nucleotide sequence 

Moderate 

RAPD 

Nucleotide sequence 

Moderate/high 

PCR-aided gene sequencing 

Nucleotide sequence 

High 


RFLP = restriction fragment length polymorphism. 
RAPD = random amplified polymorphic DNA. 
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genetic variability would help to look for 
potentially misleading inter-specific hybri¬ 
dization or multiple-ancestral lineages 
which might be shared among species^^. 

Biodiversity assessment. The genetic 
stock identification in a species through¬ 
out its geographical territory would serve 
as an important guide for describing the 
biodiversity. For example, Bermingham 
and Avise^^ found by mt-DNA RFLP 
analysis that the populations of each 
species of sunfish (Lepomis) and Amia 
calva inhabiting the freshwaters on the 
southwestern states of USA exhibit 
marked geographically concordant genetic 
differences. These differences were attri¬ 
buted to historical pattern of drainage 
isolation. These phylogenetic subdivisions 
served as an aid in the regional manage¬ 
ment programmes of these fishes. 
Moreover, screening of widely distributed 
populations of a given species would be 
useful in gaining an insight into the origin 
and evolutionary history of the species. 

Stock rehabilitation and conservation. Fish 
populations in natural waters round the 
globe are declining due to over-harvest, 
pollution load, destruction of spawning 
ground and other man-made factors, 
depicted in Figure 1. In Indian waters 
the decline of carp, hilsa and mahaseer 
fishery has been recorded^ The increased 
fish mortality in natural waters has 
demographic^^ and evolutionary^* conse¬ 
quences. The demographic effects include 
decrease in size and age of individuals 
in fish populations, decrease in distribu¬ 
tion and abundance of youngs, decline 
in catch per unit effort, etc. The evolu¬ 
tionary consequences would be the reduc¬ 
tion of genetic diversity, which arose 
after thousands of years of the evolution¬ 
ary selection process. The loss of genetic 
diversity is irreversible and the cost of 
the loss cannot be measured by any 
economic scale. 

For framing a suitable strategy for con¬ 
serving the declining and endangered 
stocks, three important questions are to 
be addressed: What to conserve? Where 
to conserve? How to conserve? If we 
have the genetic resource map, precise 
answers to the first two questions can be 
obtained. By periodic monitoring of the 
stock size and distribution, the valuable 
stocks that are declining can be identified 
and conserved. One approach for conser¬ 
vation is to catch the broodfishes of the 


declining stock from natural waters, 
spawn them artificially and release them 
to their natural habitat. If the stocks are 
endangered, the genetic principles of con¬ 
servation^^ should be followed for stock 
rejuvenation. The site of conservation, 
whether it is a sanctuary or a hatchery 
or involves cryopreservation of gametes, 
can be decided. Thus, conservation plan¬ 
ning and implementation can be more 
scientific. 

Cryopreservation of gametes and embryo. 
Spermatozoa ciyopreservation technology 
is an ingenious tool for the management 
of fisheries resources and can be applied 
(i) to rehabilitate an endangered fish 
species, (ii) to conserve the intra-specific 
genetic diversity of species, (iii) to cross 
the different stocks of a species con¬ 
veniently by carrying the sperm from 
far-off places, and (iv) to avoid the dif¬ 
ficulty of artificial breeding owing to 
non-synchronous maturity time of two 
different sexes of a species. However, 
the cryopreservation technology can be 
utilized effectively provided population 
genetic research in fish moves ahead in 
assaying the intra-specific genetic diver¬ 
sity. The same applies also to egg and 
embryo cryopreservation, which are just 
being attempted in fish. 

Aquaculture. Some constraints of aqua¬ 
culture productivity are of genetic nature^. 
For example, inbreeding leads to fry de¬ 
formity, decreased food conversion ef¬ 
ficiency and reduction in growth rate. 
Once the stocks are characterized, the 
broodstocks of different genetic back¬ 
ground can be selected and interbred to 
maximize heterozygosity. Thus, crosses 
between the individuals of the Atlantic 
salmon from different populations and 
the early maturing and late maturing 
stocks of rainbow trout revealed heterosis 
with respect to growth rate^^^. 

Cost and time scale 

Considering the importance of genetic 
resource map, we strongly recommend a 
concerted scientific effort in this direction. 
Biodiversity assessment in commercially 
important fishes like Indian major carps 
and catfishes like H. fossilis and C. 
batrachus should be taken up immediately 
in our country. The samples of different 
populations should be collected from 
natural sources, then analysed through 


biochemical and molecular biology tech¬ 
niques. The zoogeographical, ecological 
and demographical data should be 
recorded as far as practicable. Initially, 
the fish samples should be collected from 
natural sources at some major spots and 
their population genetics studied. If one 
or two strongly motivated groups (5-10 
heads) work consistently for five years, 
at an approximate cost of Rs 50 lakhs 
(excluding the infrastructure they can 
make a crude genetic resource map of a 
few species, say three species of IMCs. 
We believe that the cost is quite nominal 
and affordable in considering'the potential 
benefits of such a study. 

Concluding remarks 

Effective conservation and management 
efforts require well investigated scientific 
data. A genetic resource map would be 
one such data-bank that can help the 
planners and resource managers in con¬ 
serving the vast and varied but dwindling 
fisheries resources of our country. Pandian 
et al?^ have pointed out the need of 
molecular biological study in fishes, par¬ 
ticularly for developing transgenic lines. 
It is our concerned opinion that the 
horizon of molecular biology research in 
fish needs to be extended to genetic 
resource mapping. 
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Endemic, rare and threatened flowering plants of South India 

R. J. Ranjit Daniels, N. Anil Kumar and M. Jayanthi 


Endemism in plants is demonstrated at 
various geographical scales. A plant 
species can be restricted to a continent, 
region or even a locality. Gentry\ while 
discussing endemism in neotropical 
plants, identified four forms, viz. island 
endemism, relict endemism, neoendemism 
and anthropogenic endemism. Island 
endemism is the most common form; as 
it does not concern us in the present 
context, we may ignore it. Relict en¬ 
demism is represented by an ancient 
taxonomic lineage or distribution 
restricted in range by specialized habitats 
which are themselves result of past 
geological events. Species of plants in 
the genera Mahonia and Rhododendron 
in the hilltops of Western Ghats are 
good examples of relict endemism. 
The assumption, nevertheless, is that 
these plants were widespread in the past 
when the prevailing environmental con¬ 
ditions were more favourable. 

Neoendemics are newly evolved plants 
which are usually restricted to the site 
of origin, characterized by the local 
occurrence of a number of closely related 
species. The many localized species of 
Nilgirianthus (Acanthaceae) in the hills 
of south India are examples of neoen¬ 
demism. 

Anthropogenic endemism is more a 
result of recent human destmction of 
habitats, exterminating some species lo¬ 
cally. There may be a number of species 
qualifying for inclusion under this 
category of endemism. At least one ex¬ 


ample, Aponogeton appendiculatus, which 
is currently endemic to Alapuzha in 
Kerala, is also known from Madras^. The 
species certainly occurred in many tanks 
in the intervening area till recently. 

Besides the four forms of endemism 
discussed above, there is in our opinion 
a unique fifth form, viz. pseudoendemism 
-plants which are apparently endemic 
due to an inadequate knowledge of their 
geographical ranges. It is rather compel¬ 
ling to believe that a large proportion 
of local endemics, at least in south India, 
is due to lack of intensive surveys of 
plant species in their natural habitats. An 
example supporting this pattern is of Piper 
barberi, listed by Nayar and Sastry^ as 
being endemic to Kanyakumari district, 
which we have discovered in Kulathupuzha 
(Quilon). A detailed discussion of en¬ 
demic south Indian flowering plants may 
be found elsewhere^. 

Though rare plants have been the cause 
of much concern to conservation 
biologists, there has not been a single 
general definition of rarity. Rabinowitz 
et al.^ have suggested that rarity in plants 
can be assessed by their geographical 
range, habitat specificity and population 
size. A species of plant (e.g. Terminalia 
paniculata) that is most widespread and 
occurring in all available habitats is not 
rare. However, on the other extreme, we 
might find a species (e.g. Elaeocarpus 
biased) both localized and restricted by 
habitat. Such plants can certainly be con¬ 
sidered rare. In this spectrum of rarity 


there are included two other categories, 
viz. species with wide ranges though with 
restricted habitat preferences (e.g. Pinan- 
ga dicksoni) and species with restricted 
geographical ranges but without any spe¬ 
cialized habitat preferences (e.g. 
Anaphalis spp.) If information on the 
population sizes is also available, we may 
further divide each of the four categories 
discussed above into those existing in 
small populations everywhere and those 
having a large population somewhere over 
their ranges. The eight rather discrete 
forms of rarity which thus emerge can 
be used while assessing the status of 
plant species^ 

Studies in the neotropics have indicated 
that whereas endemism and rarity of 
species are often independent \ certain 
families or genera do have more endemic 
as well as rare species than others^. It 
is probable that such families or genera 
diversified locally and recently^ or they 
share some common traits that render 
them rare^. It thus becomes apparent that 
endemism and rarity in plants are a result 
of (i) biogeography, (ii) phylogeny and 
(iii) ecology (including anthropogenic in¬ 
fluences). 

Currently, in ' India, the M. S. 
Swaminathan Research Foundation with 
the cooperation of the Tamil Nadu State 
Forest Department is making an attempt 
at outlining a conservation strategy for 
the endemic, rare and threatened plants 
of the state. For this purpose, we selected 
the flowering plants of Tamil Nadu listed 
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in the Red Data Books^’^’^ Of the nearly 
1500 species of higher plants listed in 
the Red Data Books, 171 are known from 
Tamil Nadu. These are flowering plants 
representing 51 families. Most of these 
species, as much as is known, are 
restricted to the southern peninsula 
(Madras Presidency)^; a few, however, 
extend further south into Sri Lanka. While 
analysing the factors influencing the status 
of these species of conservation interest, 
the following trends have emerged. 

On the 51 families represented, 10 
families, viz. Fabaceae (20), Rubiaceae 
(16), Orchidaceae (14), Asclepiadaceae 
(10), Commelinaceae (9), Lamiaceae (8), 
Annonaceae and Apiaceae (6 each) and 
Capparaceae and Asteraceae (5 each) have 
the highest number of species listed as 
endangered in south India. All other 
families are represented by less than 5 
species each. 

According to Gamble^, the total num¬ 
ber of species in these 10 families in 
south India are as follows: Fabaceae 432, 
Rubiaceae 226, Orchidaceae 199, Aster- 
aceae 189, Lamiaceae 128, Asclepiadi- 
aceae 93, Commelinaceae 49, Annonaceae 
47, Apiaceae 28 and Capparaceae 22. 
Therefore, in order to check whether the 
observed trend is just a result of the 
natural distribution of species in these 
families, we did a test. It turned out 
that the above two distributions are in¬ 
dependent (x^ = 33.86; /7<0.01), suggest¬ 
ing that certain families do have more 
number of threatened species than the 
others. 

Of the 4500 species of flowering plants 
known from south India^, 20% are trees, 
16% shrubs, 52% herbs and 11% climbers. 
Table 1 gives the physiognomic distribu¬ 
tion of the 171 species of endangered 
plants. A comparison of the two distribu¬ 
tions indicates that they are also inde¬ 
pendent (x^ = 14.80; p<0.01). Interest¬ 


ingly, there are fewer herbs than expected 
as against the greater representation of 
trees and shrubs amongst the selected 
171 species. 

If we consider the total geographical 
area covered by these species in the 
peninsula as that between 8 and 18“ N 
latitudes, then 78 species (45.6%) are 
extremely localized, i.e., they are not 
known outside a single locality. Another 
75 species (43.8%) are more widespread, 
though not beyond half the total 
geographical area. Less than 10% are 
spread over the entire range (Table 2). 
We do not have information on the al¬ 
titudinal distribution of 47 species 
(27.5%), However, from what we know 
it is apparent that 42 species (24.5%) are 
montane specialists restricted to altitudes 
of more than 1800 m (Table 3). Table 4 
suggests that a majority of the species 
(41.5%) are known from evergreen 
forests. Though considerably less, the next 
important vegetation type is the grassland 
(10%). From the available data on 
habitat/microhabitat preferences of the 
171 species, it is evident that humus, 
stream banks and tree trunks/branches are 
very important (Table 5). 


The validity of the patterns discussed 
in Tables 2-5 have not been statistically 
tested as the data available are limited. 
Also, the possibility that many local 
endemics can actually be anthropogenic 
or pseudoendemics remains to be tested. 
However, species with specialized 
habitat/microhabitat requirements are likely 
to become rare, as the plants in the Red 
Data Book suggest. For instance, it is 
noteworthy that in Table 5 at least 6 
species are specialists of ecotones. Hub- 
bell and Foster^ have reported that plants 
which have an ecotonal ‘regeneration 
niche’ are likely to be rarer. Stream banks 
and swamps are some of the most human- 
altered habitats in south India. Hubbell 
and Foster^ have also reported that on 
the Barro Colorado Island in Panama, 
some of the rarest plants occur along 
stream banks and swamps. 

The present data on south Indian 
flowering plants indicate that epiphytes 
and those plants growing in humus and 
organic matter on rocks and forest floors 
tend to be rare. These include plants in 
the families Orchidaceae, Commelinaceae 
and Begoniaceae. Whereas orchids have 
suffered the over-exploitation of humans, 


Table 2. Geographical range of the 171 species of flowering plants 


Range 

Number of species 

Percentage 

Restricted to one locality 

78 

45.6 

Laterally spread along the same 
latitude 

10 

5.8 

Spread across adjacent latitudes but 
not beyond half the total area 

65 

38.0 

Spread over most of the total area* 

12 

7.0 

Exact range not known 

6 

3.5 


*The total area is that bounded by 8 and 18“N latitude within the peninsular 
India. 


Table 1. Physiognomic breakup of the 
171 species of flowering plants 


Physiognomy 

Number of 
species 

Percentage 

Tree 

42 

24.5 

Shrub 

43 

25.1 

Herb 

70 

40.9 

Climber 

16 

9.4 

Not described 

2 

1.2 


Table 3. Altitudinal distribution of the 
171 flowering plant species 


Altitude (m) 

Number 
of species 

Percentage 

Low (0-650) 

18 

10.5 

Medium (650-1400) 

36 

21.0 

High (1400-1800) 

16 

9.4 

Montane (1800) 

42 

24.5 

Widespread 

12 

7.0 

Not known 

47 

27.5 


Table 4. Vegetationwise distribution of 
the 171 species of flowering plants 


Vegetation type 

Number 
of species 

Percentage 

Evergreen forest 

71 

41.5 

Deciduous forest 

9 

5,2 

Scrub 

12 

7.0 

Grassland 

17 

10.0 

Cultivation/man-made 

4 

2.3 

Aquatic 

3 

1.75 

Not specified 

55 

32.2 
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Table 5. Habitat/microhabitat distribution 
of the 171 species of flowering plants 


Type 

Number 
of species 

Percentage 

Epiphytic 

13 

7.6 

Stream banks 

16 

9.4 

Rock crevices with 
humus 

17 

10.0 

Humus on forest 
floors 

10 

6.0 

Ecotones 

6 

3.5 

Not specified 

109 

63.7 


at least during the recent history, a general 
impact on these plants can also be the 
dessication brought about by canopy 
openiitg in the humid forests, where they 
occur. 

The above analysis based on the avail¬ 
able data on endemic, rare and endangered 
plants of south India has highlighted a 
few important issues. First, certain 
families tend to have more number of 
rare and endangered plants than the others 
(phytogeny). Second, physiognomic 
categories such as trees and shrubs 


(woody plants) tend to be more vulnerable 
to extinction than the other forms. Third, 
although the data are limited, geographical 
restrictedness (endemism), altitude, 
vegetation, habitat and microhabitat 
specialization apparently have an in¬ 
fluence on the status of plant species. 
Further information on the distribution 
and status would be of great value while 
outlining conservation strategies for 
flowering plants. 
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Marine pollution in India: An emerging problem 


G. P. Glasby and G. S. Roonwal 


With a population growth rate of about 
2% p.a. and an economic growth rate of 
about 4% p.a., India is likely to face 
increasing environmental problems and 
chemical pollution in the future. The seas 
are the ultimate receptacle for land-based 
pollution and it is interesting to assess 
the stress on coastal seas caused by this 
pollution. A number of scientific papers 
have been published on this topic^"^ and 
this article attempts to summarize some 
of the major findings. 

India has a coastline of about 7500 km 
with about 25% of its population living 
in coastal areas. Many major cities are 
located along the coast, including Cal¬ 
cutta, Madras and Bombay. In all, there 
are 11 major, 16 intermediate and 78 
minor ports in India. India is one of the 
wettest countries in the world, with an 
annual rainfall of 1000 km^. There are 


14 major, 44 medium and 162 small 
rivers in India, with a mean annual mnoff 
of 1645 km^, although not all these rivers 
discharge into the sea. About 500 million 
tonnes of sediment are discharged into 
the seas each year from India. A unique 
feature of the Indian Ocean is the mon¬ 
soons. In the Arabian Sea, the SW mon¬ 
soon results in intense upwelling along 
the west coast of India and this accounts 
for the high productivity and fisheries 
potential in this area. The Arabian Sea 
and the Bay of Bengal are subject to 
large semi-diurnal tides with amplitudes 
of 1-8 m and are also influenced by the 
biannual reversal of the monsoon winds. 
These two factors result in the flushing 
of Indian coastal areas which helps in 
dispersing pollutants. The study of coastal 
ocean monitoring and prediction system 
by the Department of Ocean Development 


is useful to monitor coastal marine pol¬ 
lution. This study shows that the open 
oceans around India are pollution-free^^. 
Nevertheless, coastal pollution is an in¬ 
creasing problem in India and we there¬ 
fore record some of the major sources 
of pollution. 

Domestic sewage 

i 

Domestic sewage is perhaps the major 
pollutant in coastal areas of India. Some 
4.4 km^ of such wastes are discharged 
into the seas off India each year. For 
example, Bombay discharges 365 million 
tonnes of sewage effluent to the sea 
annually and Calcutta about 396 million 
tonnes. Perhaps the major problem in 
India is that only a small proportion of 
this sewage is treated before discharge. 
The situation could improve when the 


CURRENT SCIENCE, VOL. 68, NO. 5,10 MARCH 1995 


495 





COMMENTARY 


tertiary-level treatment plants and the 3 
km sewage outfalls are completed in Bom¬ 
bay, and the Ganga Action Plan is imple¬ 
mented. Nevertheless, upgrading sewage 
treatment facilities would be the greatest 
single contribution to the reduction of 
coastal pollution in India. 

As an example of the problem, Mahim 
Bay in Bombay occupies 64 km^ and 
once had a healthy ecosystem with 
fisheries, oyster beds, mangroves and 
migrating birds. It is now one of the 
most polluted areas in the country. The 
dissolved oxygen levels in^the water of 
the Bay sometimes fall below 1 mg/1 and 
hydrogen sulphide (denoting anoxia) can 
be detected depending on the stages of 
the tide. Water has high nutrient contents 
(denoting eutrophication), high biological 
oxygen demand and high colliform bac¬ 
teria counts. The nearshore waters display 
severe organic pollution, especially during 
ebb tides, resulting in low biomass and 
a fauna consisting mainly of species from 
low trophic levels. Essentially then, 
Mahim Bay is an open sewer which may 
affect the health of the local communities. 

In addition, the benthic fauna of Bom¬ 
bay is badly depleted, resulting in the 
loss of fisheries. Fisheries are retreating 
from shore and fishermen now have to 
go at least 10 km offshore to get a 
worthwhile catch. The main health 
hazards for humans are gastrointestinal 
diseases resulting from the consumption 
of contaminated sea food. 

In the long run, there is another threat. 
Because of the high productivity of the 
surface water of the Arabian Sea caused 
by upwelling of deep sea-water, the inter¬ 
mediate-depth waters off the west coast 
of India are poor in oxygen and have a 
renewal time of only four years. As a 
result, these waters may be vulnerable to 
perturbation, either by an increased flux 
of organic carbon from pollution or an 
increased productivity of surface waters 
caused by climatic change. In either case, 
this could lead to these waters becoming 
completely anoxic and lifeless, with major 
implications. 

Industrial wastes 

About 0.44 km^ of industrial waste are 
annually discharged into the seas around 
India. Many industries such as paper, 
textile, chemical, pharmaceutical, plastic, 
food, leather, jute, pesticide and oil con¬ 
tribute to this waste and particular atten¬ 


tion needs to be paid to heavy metals 
like lead, zinc, cadmium and mercury, 
and also to elements such as chromium 
used in the leather industry. In general, 
the concentrations of these elements in 
sea-water, sediments and biota in offshore 
areas do not pose a problem. Discharge 
of these elements into the rivers also 
tends not to cause major problems to the 
marine environment. For example, 55% 
of the metals discharged into the Ganges 
settle out in the estuarine and river mouth 
region and only 15% reach the Bay of 
Bengal. Nonetheless, the problem remains 
in the coastal areas near big cities. In 
Mahim Bay and Thane Creek, Bombay, 
the concentrations of heavy metals in 
marine organisms are quite high, indicat¬ 
ing environmental degradation to an ex¬ 
tent that some marine species are unfit 
for human consumption. An estimate has 
been made of heavy-metal discharge into 
the Ulhas River, which drains into Thane 
Creek in Bombay. The estimate was based 
on monitoring of 18 of the 48 major 
industries operating in the region. It 
showed that 11 tonnes of Cu, 400 tonnes 
of Zn, 7 tonnes of Hg and 0.5 tonnes 
of Cr are discharged into the river an¬ 
nually^ ^ This explains the massive impact 
on Thane Creek.^ 

A major source of metal pollution in 
India is fly ash from power stations. Over 
100 million tonnes of fly ash are produced 
each year and much of it is transported 
in the atmosphere before deposition. It 
is a major source of contamination of 
heavy metals such as cadmium in the 
rivers and estuarine sediments in the 
vicinity of such power stations. 

Other sources of metal pollution include 
drainage water, weathering of spoil heaps 
and anti-fouling paints used to paint fish¬ 
ing boats and trawlers. 

Pesticides 

A total of 381,000 tonnes of pesticides 
and other halogenated hydrocarbons are 
used in India each year, of which 55,000 
tonnes are used in agriculture. The total 
annual consumption of DDT and its 
isomers is 107,000 tonnes per year. 

These chemicals have two principal 
applications, as pesticides, herbicides and 
fungicides in agriculture and in the control 
of vector-borne diseases such as malaria. 

These compounds are extremely per¬ 
sistent in the environment and the seas 
are their ultimate repository. It is believed 


that up to 25% of the DDT used to date 
may have been transferred to the sea. In 
India, pesticide concentrations are much 
higher on the east coast than on the west 
coast and are transported there by the 
large rivers on the east coast. These 
compounds have a demonstrable impact 
on marine biota and result in reproductive 
failures in birds and fish and inhibition 
of photosynthetic activity. 

It should be emphasized that the terms 
pesticides, herbicides and fungicides are 
a misnomer. These compounds are in fact 
biocides. Their indiscriminate effects on 
biota have been well known for over 30 
years and are well documented in Rachel 
Carson’s classic book Silent Spring. The 
impact of DDT on wildlife is particularly 
damaging and this is the main reason 
that it has been banned in most western 
countries. In India, DDT is used prin¬ 
cipally for malarial control. However, 
despite a substantial initial impact and 
helping to bring down new malarial cases 
to about 200,000 per year, there are now 
over 2 million new cases per year as a 
result of mosquitoes becoming resistant 
to DDT. Doubt has now been cast in the 
efficacy of DDT in the control of malaria. 

In India, huge quantities of biocides 
are used each year and there is a clear 
need to reduce reliance on them, par¬ 
ticularly DDT, which should be banned 
outright as it is a dangerous chemical. 
In the west, much effort is being directed 
into the development of biodegradable 
pesticides. Although these are more 
expensive chemicals than traditional ones, 
there is an urgent need to review India’s 
excessive reliance on biocides in the cause 
of environmental restoration. 

Oil 

One of the main tanker routes for the 
transport of oil is from the Gulf to the 
Far East through the Arabian Sea. Apart 
from tanker accidents and oil well 
blowouts, the main sources of oil pollution 
in the marine environment are ballast 
discharge and bilge washings. The occur¬ 
rence of oil slicks and tar balls along 
this tanker route are well documented. 
The tar particles have a residence time 
of 30-45 days before they start sinking 
and tar-like residues are washed up on 
the west coast beaches of India, par¬ 
ticularly during the SW monsoon. A peak 
of about 750-1000 tonnes of oil deposits 
was recorded on these beaches in the 
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mid-1970s. This type of pollution appears 
to have levelled off or even decreased 
since then as a result of a decrease in 
the volume of oil transported along these 
routes. In any case, vigilance is required 
to control such pollution. 

Summary 

The preceding sections have reviewed the 
main sources of marine pollution around 
India. The list is by no means complete. 
For instance, it does not mention the 
impacts of (i) soil erosion and land 
reclamation, (ii) disposal of solid wastes 
(litter), (iii) mining, (iv) modification of 
the hydrocycles of rivers by dams, and 
(v) the siting of nuclear power plants on 
the coast. Similarly, the impact of this 
pollution on sensitive environments such 
as estuaries, coral reefs and mangrove 
forests is not discussed. It is however 
clear that this is a major problem. The 
main areas where offshore pollution 
occurs in India have already been iden¬ 
tified and initial work needs to concentrate 
in such areas. 

It has been argued that environmental 
contamination is the inevitable conse¬ 
quence of human civilization and a natural 
phenomenon"^. While this is true, the fact 
is that we now produce and discard huge 
volumes of material much of which is 
synthetic in origin and not biodegradable. 
It can be argued that India with its 3000 
years of civilization based mainly on 
agriculture, always was a throwaway 
society. This was perfectly legitimate 
when biodegradable wastes were being 
discarded. However, the widespread use 
of plastics and chemicals, particularly over 
the last 50 years, has changed the situation 
drastically necessitating a radical revision 
of ideas on waste management. 

In particular, it is essential to install 


and upgrade sewage treatment plants in 
the large cities and would probably result 
in the biggest single improvement of the 
environment in India. For industrial was¬ 
tes, industrial sewers need to be installed. 
However, modem industrial plants in the 
west are making major efforts to reduce 
the discharge of pollutants into the 
environment and major cutbacks can be 
achieved by the installation of appropriate 
technology. Of course, this approach is 
capital-intensive but it also requires a 
different mindset in considering the 
problems involved. 

One argument is that the disposal of 
untreated wastes to the environment is 
essentially free and that pollution control 
is an unwarranted expenditure which 
erodes industrial competitiveness. How¬ 
ever, much effort in the West is directed 
precisely along these lines and it is found 
that, where operations are optimized, cost 
savings can be made. Furthermore, the 
former communist countries of Eastern 
Europe, where rapid industrialization was 
accompanied by minimal pollution con¬ 
trols, are now faced with enormous bills 
for their folly. For instance, it has been 
estimated that the costs of cleaning up 
the Baltic Sea and the Vistula River in 
Poland will be of the order of US $ 18 
billion and US $ 3 billion, respectively, 
over a 20-year period. 

The implication of all this is that, in 
the long term, a policy of indiscriminate 
discharge of waste into the environment 
is not necessarily the cheapest option and 
that environmental clean-ups can be 
extremely expensive when forced on 
society, for example, by regulation or in 
response to health threats such as 
epidemics or metal poisoning. The real 
task facing India therefore is to reduce 
the present throwaway culture which per¬ 
vades the society and to upgrade waste 


management systems which are presently 
well below acceptable levels in order to 
minimize the future problems. Particular 
emphasis should be placed on the develop¬ 
ment of new ways of thinking about the 
use and disposal of chemicals and wastes. 
Otherwise, the costs of environmental 
clean-ups in the future may be much 
greater than ever anticipated. 
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SCIENTIFIC CORRESPONDENCE 


Localized chaos on periodic orbits 


Boldrini^ has referred to classification and 
common noun as two cornerstones of 
science. He has added that one un¬ 
desirable effect of classification is to sup¬ 


press mathematically the variability ubiq¬ 
uitous in the events in the physical world. 
Classification and common noun impose 
a subjective reality which leads to inade¬ 


quate or improper description and one 
must be alert to the necessity of recon¬ 
sidering the linguistic expressions so that 
the underlying concepts are suitably 
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modified. Another argument^ against 
‘nomenclatural stasis’ has a similar 
rationale. 

More recently, Gould^ (pp. 8-9) has 
cautioned us against the uncritical use of 
dichotomies: ‘Dichotomies are useful or 
misleading, not true or false. They are 
simplifying models for organizing 
thoughts, not ways of the world’. His 
caution applies to classifications and 
nomenclature (as the latter has the former 
implicit in it) and he has given serious 
thought to corrections which ‘might pro¬ 
vide an amplitude of proper intellectual 
space without forcing us to forego our 
most comforting tool of thought’. He has 
illustrated the occasionally fearful failure 
of conventional and deeply entrenched 
categories by discussing the case of Rita- 
Christina, the Siamese twin Sardinian 
girls. Was she one or were they two? 
He has concluded as follows: ‘The boun¬ 
daries between oneness and twoness are 


human impositions, not nature’s 
taxonomy. Rita-Christina, formed from a 
single egg that failed to divide completely 
in twinning, bom with two heads and 
two brains but only one lower half, was 
in part one, and in part two - not a blend, 
not one-and-a-half, but an object embody¬ 
ing the essential definitions of both one¬ 
ness and twoness, depending upon the 
question asked or the perspective 
assumed’ (p. 200). 

Here, Rita-Christinas between the 
categories of periodicity and chaos are 
presented with the same interest in illus¬ 
trating the inadequacy of the nomencla¬ 
ture or categorization. In the field of 
deterministic Chaos'^ one talks of the 
evolution of periodic orbits into chaos 
through mechanisms such as period-doub¬ 
ling or Hopf bifurcation"^ as one or more 
control parameters are varied. In the two 
examples discussed here, a part of the 
orbit is periodic (almost) and a part of 


it is definitely chaotic. 

The first example is of a discrete system: 

x(n + l) = {\ + a) X {n) a \y {n) - 
X in) y {n) + bx^in)], 
y (ai + 1) = (1-c) y (ji) + 

c [dz (n) -X (n) y (n)], 
z(n + l) = ex(n) + (\ -^)z(n), (1) 

where n is the index which can be iden¬ 
tified with discrete time, x, y and z are 
variables, and a, b, c, d and e are control 
parameters. The physical rheaning of the 
system is not of particular interest here. 
However, if the conditions that x, y and 
z cannot be negative were additionally 
imposed, the same equations would rep¬ 
resent a discrete version of Belousov- 
Zhabotinsky reaction^. Figure 1 shows 
the solution of (1) for particular parameter 
values. Figure 1 a shows the behaviour 
in the x-z plane. The solution consists 
of a periodic orbit except for a bulb 



Figure 1. a, The solution of (1) in the x-z plane for a = 0.458, b = 0.Ql5, c = 0,0098, d=1.38 and e = 0.01. The initial conditions are x =2, 
frame scales are -10 <x<60 and 2<z^l8. b. An enlarged version of the inset between the two circles in (a), the iranie 
scales being —4,5<x<6 and 5^z ^8.5. c, x versus time, or rather the index n. The system can be called periodo—chaotic. 
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which is shown enlarged separately in 
Figure 1 b. The portion enlarged is demar¬ 
cated by two circles externally put on 
the plot in Figure 1 a. The bulb is clearly 
chaotic, tracing a different trajectory on 
every round, but the rest of the trajectory 
is a limit cycle. Obviously, the differences 
in the bulb must be there, greatly attenu¬ 
ated, on the rest of the trajectory also. 
In other words, the relevant Lyapunov 
exponent is positive over the top half of 
the bulb, which is a small portion in 
every period, and is negative or zero 
everywhere else. Figure 1 c shows the 
same information in a different format. 
The variable jc is plotted against time, or 
more explicitly, the index n. It is obvious 
that but for a small bulb of variable 
amplitude appearing once in every period, 
the waveform is almost periodic. Thus, 
the phenomenon is different from inter- 
mittency, which is defined as ‘the occur¬ 
rence of a signal that alternates randomly 
between two regular (laminar) phases 


(so-called intermissions) and relatively 
short irregular bursts'^’. In the example 
above, the alternation is not random and 
the durations of the two phases are also 
almost constant and not irregular as in 
the examples of intermittency (e.g. Figures 
48 and 54 in ref. 4). 

Another example is of a continuous 
system: 

ji: = -(l-X) o(x-y)-X(x + y), 
y = (1 -X) (-xz + rx-y) + X{x + ay), 
z = (l-X) (xy-bz) + X(b-cz + xz), 

(2) 

in which jc, y and z are variables, the 
overhead dot denotes differentiation with 
respect to time and a, r, p, a, b, c and 
X are parameters. For the sake of com¬ 
pleteness, it may be stated that if = 0, 
(2) is a Lorenz system, and if X= I, it 
is a Rossler system. If 0 < X < 1, it defines 
an interpolation between Lorenz and 
Rossler systems. Otherwise, i.e. for ^ <0 
and X>\, it defines an extrapolation 


beyond Lorenz or Rossler, respectively. 
The extrapolation beyond Lorenz is with 
respect to Rossler and that beyond Rossler 
is with respect to Lorenz. Therefore, if 
X<0, the system is called contra-Rossler 
infa-Lorenz, and if A,> 1, it is called 
contra-Lorenz ultra-Rossler. The system 
(2) has been solved by using fourth-order 
Runge-Kutta integration. Figure 2 a 
shows the trajectory in the x~y plane. It 
has a straight line on which the system 
moves relatively slowly from right to left. 
If the rest of the trajectory was also a 
line closing on to this straight line from 
the right, the trajectory would have been 
a limit cycle. However, on the left the 
•trajectories evolve as different growing 
spirals followed by shrinking spirals 
which bring them on the right and again 
the straight line commences. Thus, this 
too is an example of a periodo-chaotic 
orbit, though the spread of the chaotic 
part is relatively much larger here in the 
x-y plane than in Figure 1. Figure 2 b 


Y 


X 


TIME 

Figure 2. a. Solution of (2) in the x-y plane. It represents a contra-Rossler infra-Lorenz attractor for ^ = -5. The Lorenz parameters are 
0 = 0.85, r = 350 and p = -180. The Rossler parameters are a = 9.8, b = 37.5 and c=175. The initial conditions are ;c =300 and y =z = 1. The 
frame scales are 250<x<500 and -16000 <y <20000. The discretization interval is 5 = 0.00002. Again, a part-periodic, part-chaotic orbit is 
witnessed, b. Variable x as a function of time, or rather the iteration number, c, The vertical flyback in {b) is shown captured during 7 such 
transitions for showing the details. 
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shows the variable jc as a function of 
time. It can be regarded as a negative 
ramp with upward flyback. The flyback 
has a structure which is shown by cap¬ 
turing it by manual intervention 7 times 
and plotting only those segments in Figure 
2 c. Again, there are two distinct phases 
but their alternation is not as random as 
intermittency would seem to require. The 
flyback occupies a small portion of time 
in the total period, as does the bulb in 
Figure 1. That no two flybacks are exactly 
identical is seen more convincingly in 
Figure 2 a rather than in Figure 2 c. 

The part-periodic, part-chaotic orbits 
illustrated here would represent systems 
in which over some time or phase-space 
region there is very good predictability 
provided by periodicity and elsewhere it 
is unpredictable due to chaos. The tran¬ 


sitions from one of these behaviours to 
another are also predictable, i.e. there is 
a fairly regular alternation between pre¬ 
dictable and unpredictable modes, indicat¬ 
ing that these are not cases of 
intermittency as normally understood. The 
earlier discussion on terminological 
rigidity is entirely relevant in such cases. 
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GC-MS evidence of dimethyl isocyanurate and 2,4-dione in the 
blood of Bhopal victims 


It has been reported earlier by us that 
apart from methyl isocyanate many other 
reaction products, reformulated and recon¬ 
jugated due to the high pressure and 
temperature developed in the tank, had 
escaped from the tank E-610 of Union 
Carbide India Limited, Bhopal, on 2/3 
December 1984 (ref. 1-3). Some of these 
compounds were inhaled by the victims'^’ 

Materials corresponding to the peaks 
representing DMI and 2,4-dione of the 
compounds described earlier'"^’^ with a 
common molecular weight of 157 amu 
were investigated. The ‘reference 
compounds’ were isolated and purified 
by column chromatography from the tank 
residue material obtained through the 
Central Bureau of Investigation (CBI), 
New Delhi. 

The identity of these compounds was 
established on Varian model 3400 capil¬ 
lary gas chromatograph (GC) interfaced 
with ion trap detector (ITD) model 800 
of Finnigan MAT Ltd., UK. This system 
was used to obtain GC retention time 
data as well as mass spectral data (GC- 
MS). Ultraviolet spectral analysis was 
carried out on Beckman simulated 
spectrophotometer. 

One hundred and twenty-four randomly 
500 


selected cryo-preserved blood samples of 
the gas victims, for the period 1984-1990, 
were studied. Fifty-two clinical samples 
of the blood collected during the same 
period were also exposed to this study. 
These were processed and analysed on 
GC-MS according to the earlier described 
method"^. 

The isolated and purified DMI showed 
a melting point between 208 and 210°C. 
It exhibited 99.9% purity on GC-ITD and 
showed principal mass fragmentation 
peaks at m/z = 58, 157, 70,43, 128, 100, 
85 (Figure 1) and matched with fragments 
reported in the literature^. Its ultraviolet 
spectrum showed a maximum at 214 nm. 

The isolated and purified 2,4-dione 
showed a melting point of 80-82“C; the 
literature values of the prepared compound 
were slightly variable. D’Silva et al^ 


observed 87-92“C and Etienne and Bonte^ 
reported 95“C. The principal mass frag¬ 
ments on GC-ITD were at m/z = 42, 
156,56,99,113,72 (Figure 2). The 
ultraviolet spectrum showed its maximum 
at 237 nm. 

Some representative chromatograms 
with their respective mass spectra in the 
inset clearly show the presence of 
dimethyl isocyanurate and dione in the 
victims of the disaster (Figures 3 and 4). 

Dimethyl isocyanurate (DMI) (1,3- 
dimethyl-l,3,5-triazine-2,4,5(1 H,3H,5H)- 
trione) and 2,4-dione (dihydro-1,3,5- 
trimethyl- 1,3,5-triazine-2,4( 1 H,3H)-dione) 
were found to be present in the blood 
of the victims. DMI was positive in the 
blood of 12 post-mortem and 2 clinical 
samples of December 1984, while it was 
absent in the samples for the years 1985- 



Figure I. Mass fragmentation pattern of purified dimethyl isocyanurate. 
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Figure 2. Mass fragmentation pattern of purified 2,4-dione. 



Figure 3. GC-MS chromatogram of an exposed blood sample showing the presence of dimethyl 
isocyanurate (inset-mass spectrum of DMI). 



Figure 4. GC-MS chromatogram of an exposed blood sample showing the presence of 2,4-dione 
(inset-mass spectrum of 2,4-dione). 


animals are indicated in these circumstan¬ 
ces and are proposed to be undertaken 
to find out their adverse effects on human 
health. 
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Table 1. Yearwise distribution of the GC-ITD analysis of clinical 
and post-mortem (PM) blood samples of aerosol-exposed victims for 
the presence of DMI and 2,4-dione 


Year 

Analysed 

Blood samples positive 

DMI 

2,4-dione 

Clinical 

PM 

Clinical 

PM 

Clinical PM 

1984 (Dec.) 

2 

61 

2 

12 

1 

1985 

30 

28 

- 

- 

_ 

1986-1990 

20 

35 

- 

- 

- 

Total 

52 

124 

2 

12 

1 


1990 (Table 1). One individual blood 
sample showed the presence of both DMI 
and 2,4-dione. (Other chemical ingredients 
present in the blood have been reported 
separately"^’ 

Both of these compounds are of 
paramount importance because of their 
presence in the human body. In an earlier 


work, we have reported the presence of 
methyl isocyanate in the form of methyl 
carbamylation of valine*, and the reaction 
products as such, viz. methyl isocyanate 
trimer"^ and a spiro compound having a 
molecular weight of 269 amu^ Toxico¬ 
logical effects of these compounds are 
not yet known. Experimental studies on 
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SCIENTIFIC CORRESPONDENCE 


The oil of Parkia roxburghii G. Don, a potential insecticide 


Table 1. Toxicity of various concentrations of Parkia roxburghii 
oil extract to the bean aphid Aphis craccivora 


Concentratinn 

Mean mortality percentage* 

after 

(%) 

24 h 

48 h 

72 h 

96 h 

0.1 

0 

23.33 

(28.70)** 

43.33 

(41.15) 

63.33 

(52.78) 

0.5 

10.00 

30.00 

50.00 

76.66 


(18.43) 

(33.21) 

(45.00) 

(61.22) 

1.0 

13.33 

36.66 

53.33 

86.66 


(21.14) 

(37.22) 

(46.92) 

(72.29) 

1.5 

23.33 

53.33 

73.33 

96.66 


(28.78) 

(46.92) 

(59.71) 

(83.86) 

2.0 

33.33 

73.33 

93.33 

100.00 

Emulsified 

(35.22) 

(59.00) 

(81.14) 

(90.00) 

water (control) 

0 

0 

0 

3.33 

(6.14) 

Water 

(control) 

0 

0 

0 

3.33 

(6.14) 

SEm± 

1.52 

1.59 

4.74 

5.48 

CD at 5% 

(4.69) 

(4.99) 

(14.60) 

(16.89) 


* Average of three replicates. 

* *Figures in parentheses are averages of transformed values = arcsin 
^percentage . 


Extensive use of neurotoxic chemicals for 
the control of insect pests leads to detri¬ 
mental effects on the environment, to 
health problems, as well as to develop¬ 
ment of resistance to insecticide in many 
insects. This has persuaded us to inves¬ 
tigate the possibility of utilizing plant- 
derived chemicals. It has been reported 
that the most promising pesticides are 
likely to be obtained from the families 
Maliaceae, Rutaceae, Asteraceae, An- 
nonaceae and Lamiaceae^ Legumes are 
also reported to contain a number of 
toxic principles^. Tree bean, Parkia rox¬ 
burghii G. Don is widely grown in 
Manipur and its adjoining states, and the 
pods of this plant have been used, from 
time immemorial, as a delicious vegetable 
by the inhabitants of this part of the 
country. This paper reports the insecticidal 
properties of this plant. 

The seeds of P. roxburghii were cut 
into small pieces, shade-dried, ground in 
Remi grinder and finally passed through 
a 30 mesh sieve to get them in powder 
form. Petroleum ether (b.p. dO-SO^C) extract 
of the powder was made through Soxhlet 
apparatus. Benzene (5%) was added to 
the extract as a solvent to make a stock 
solution. The desired dilution was made 
with distilled water using 0.5% Triton 
X100 as emulsifier in each case. The 
treatments along with two controls, viz. 
emulsified water and water alone, were 
replicated thrice. 

For contact toxicity test, fresh leaves 
of the Indian bean Lablab purpureus 
(Linn.) were collected from the unsprayed 
field and washed thoroughly with tap 
water. After drying, each leaf was dipped 
into a desired concentration of the extract 
and dried again under a ceiling fan in a 
Petri dish (15 cm dia.). Twenty healthy 
aphids were released into each Petri dish 
and the aphid mortality was counted after 
24, 48, 72 and 96 h of the release. 

The mean mortality percentages of 
aphids obtained with various concentra¬ 
tions of P. roxburghii under laboratory 


conditions are presented in Table 1. For 
all the concentrations, the percentage mor¬ 
tality was significantly better than the 
two controls maintained. The percentage 
kill increased with increase in time and 
concentration, and vice versa. The highest 
kill was obtained with 2.0% concentration, 
which reached 100% after 96 h of its 
application and differed significantly from 
the other concentrations, except for 1.5% 
concentration. 

The results indicate that the oil extract 
of P. roxburghii, an edible legume of 
the northeastern region, possesses insec¬ 
ticidal properties and its LO-2.0% extract 
holds promise in controlling a variety of 
insect pests. The insecticidal properties 
(Table 1) of this plant are being reported 
here for the first time. 


1. Jacobson, M., in Insecticides of Plant Origin 


(eds. Amason, J. T., Philogene, B. J. R. 
and Morans, P.), ACS Symposium Series, 
Washington, 1988. 

2. Chatteijee, B. N. and Bhattacharyya, K. K., 
in Principles and Practices of Grain Legume 
Production, Oxford & IBH Publishing Co., 
New Delhi, 1986, pp. 425-429. 
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Is there a future for high-energy physics?* 

G. Rajasekaran 

The present state of high-energy physics is critically examined. In spite of the spectacular 
success of the standard model, there is a serious crisis facing the field. Since the Planck scale 
is now recognized to be the true fundamental scale of physics, the importance of research on 
new methods of acceleration that can take us to superhigh energies is emphasized. 


The major events which culminated in the construction 
of the standard model of high-energy physics are 
presented in Table 1 in chronological order. Using 
nonabelian gauge theory with Higgs mechanism, the 
electroweak (EW) theory was already constructed in 
1967, although it attracted the attention of most theorists 
only after another four years, when it was shown to 
be renormalizable. The discovery of asymptotic freedom 
of nonabelian gauge theory and the birth of QCD in 
1973 were the final inputs that led to the full standard 
model. 

On the experimental side, the discovery of scaling in 
deep inelastic scattering (DIS), which led to the 
asymptotic free QCD, and the discovery of the neutral 
current, which helped to confirm the electroweak theory, 
can be regarded as crucial experiments. To this list, 
one may add the polarized electron-deuteron experiment, 
which showed that SU(2 )lXU( 1) is the correct gauge 
group for electroweak theory, the discovery of gluonic 
Jets in electron-positron annihilation, confirming QCD, 
and the discovery of W and Z in 1983, which established 
the electroweak theory. The experimental discoveries of 
charm, T and beauty were fundamental for the concrete 
three-generation standard model. 

However, note the blanks after 1973 and 1983 on 
the theoretical and experimental sides, respectively. 
Theoretical physicists have been working even after 
1973 and experiments are being done even after 1983. 
But the tragic fact is that none of the bright ideas 
proposed by theorists in the past 20 years has received 
any experimental support and none of the experiments 
done in the past 10 years has led to any discovery. 
Even the famous W, Z discovery was only a confirmation 
of a theory proposed 16 years earlier^ 

It is clear that if such a situation persists for long, 
it may become difficult to continue to be optimistic 
about the future of high-energy physics. 


G. Rajasekaran is in the Institute of Mathematical Sciences, Madras 
600 113, India. 

^Invited talk presented at the International Conference on Non- 
Accelerator Particle Physics, Indian Institute of Astrophysics, Bangalore, 
January 2-9, 1994. 

The evidence for top quark recently announced is important, but top 
is expected within the standard model. 


It may be argued that the current lean period of 
discoveries in high-energy physics is just a natural 
consequence of the spectacular success achieved in the 
past decades. The construction of the standard model 
is certainly a watershed. In the standard model we now 
have a theory for all that is known in high-energy 
physics. So, there is nothing more to do! 

Clearly, the above sentiments are quite detrimental 
to the progress of any scientific field. In any case, there 
are too many loopholes in the standard model to be 
satisfied with it, the biggest of these being the omission 
of gravitation, the most important force of nature. ' 

There are still many interesting questions and unsolved 
problems within the standard model: Higgs and symmetry 
breaking, QCD, neutrinos, CP, etc., and there may be 
other surprises and discoveries (supersymmetry, com¬ 
positeness, etc.) which may take us beyond the standard 
model. Nevertheless, an examination of the current scene 
reveals a serious crisis facing high-energy physics- 
namely, the widening gap between theory and experiment. 
The primary factor that is responsible for this crisis is 
the recognition that quantum gravity is the next frontier 
of high-energy physics and that the true fundamental 
scale of physics is the Planck mass - lO^^GeV, which 

Table 1. History of the standard model 


Theory Experiment 


1950s 

1954 

Nonabelian 





gauge fields 



1960s 

1964 

Higgs mechanism 




1967 

EW theory 






1968 

Scaling in DIS 

1970s 

1971 

Renormalizability 





of EW theory 




1973 

Asymptotic freedom 

1973 

Neutral current 



->QCD 

1974 

Charm 




1975 

x-lepton 




1977 

Beauty 




1978 

e^d experiment 




1979 

gluonic jets 

1980s 



1983 

W, Z 


1990s 


CURRENT SCIENCE, VOL. 68, NO. 5,10 MARCH 1995 


503 





GENERAL ARTICLE 


is the scale of quantum gravity. As a result, all present- 
day experimental activity in high-energy physics has 
been reduced to zero-energy physics. On the other hand, 
enchanted by the theories at the Planck mass, many 
active theorists are drowning themselves in the depths 
of mathematics. Physics is an experimental science. 
Hence, this gap between theory and experiment will 
ultimately spell the ruin of high-energy physics. 

Can this energy barrier separating experiment and 
theory be surmounted? Are controlled experiments at 
Mp possible? Can Planck energy be obtained in the 
laboratory? The future of high-energy physics hangs on 
the answers to these questions. 

Already, grand unification had pushed the fundamental 
scale to 10^^ GeV and quantum gravity takes it to lO^^GeV. 
Preoccupation with such superhigh energies without the 
sobering control of experiments is bound to lead to 
metaphysics. The pre-eminence of experiments in physics 
must be reestablished. So it is imperative that physicists 
and technologists put their minds together to solve this 
crucial problem of the energy barrier. After all, there is 
no law of nature (such as the second law of thermo¬ 
dynamics) which forbids the attainment of such energies 
in the laboratory*. Human ingenuity knows no bounds 
and a method will be found to reach the superhigh energies 
so that controlled laboratory experiments can be done to 
test quantum gravity, superstrings or even theories beyond. 

How do we reach Planckian energies? Can we envisage 
a Planckian accelerator? Before we answer this question 
we examine a few indirect methods. 

Cosmology and early universe 

If current ideas in cosmology and astrophysics are 
correct, then early universe provides us with a high- 
energy physics laboratory where particle energies were 
not limited by any budget cuts or other restrictions. 
Hence, it is thought that all our theories of high-energy 
physics are testable in principle by appealing to events 
in the early universe. We seem to have come a long 
way from Landau’s dictum: ‘Astrophysicists are often 
wrong but seldom in doubt’. 

However, we know of only one universe and the 
events presumably occurred only once, that too, quite 
a long time ago. Modern science owes its existence to 
the advent of repeatable experiments under controlled 
conditions, whereas history provides only a single se¬ 
quence of events. History cannot be a substitute for 
science. Cosmology cannot provide crucial and definitive 
tests for fundamental theories of physics. On the other 
hand, high-energy physics can definitely be applied to 
the study of the early universe. Laws of physics inferred 
from and tested in laboratory experiments can and must 

*If there is such a law, prove it! 


be applied to the study of the history of the universe. 
No definitive law of physics can be inferred from 
speculative theories of the beginning of the universe. 

In other words, it is advocated that the only healthy 
traffic between high-energy physics and cosmology is 
a one-way traffic: 

High-energy physics cosmology. 

Nonaccelerator particle physics 

Although the characteristic scale of weak interactions 
is 100 GeV, this did not deter physicists from learning 
much of weak interaction phenomenology through ex¬ 
periments at the available lower energies ever since the 
discovery of (3 decay. Similarly, even theories with 
characteristic scales at lO^^-lO^^GeV are expected to 
leave their signals (albeit weak) in the lower-energy 
phenomena. Proton decay, neutrino masses and mixing, 
neutrino oscillations, double p decay and fifth force are 
such signals and experiments dedicated to the study of 
these phenomena provide us with indirect but important 
windows on the superhigh-energy scales. 

The importance of deep underground laboratories for 
nonaccelerator physics experiments is well recognized. 
In this context, we must record here the unfortunate 
closure of the deep mine at Kolar, which was an 
important asset for this country, especially because of 
the absence of high-energy accelerators in this part of 
the world. An excellent opportunity to develop this 
facility into a first-rate underground laboratory for non¬ 
accelerator particle physics has been lost. 

In spite of the importance of nonaccelerator particle 
physics experiments, these must be regarded as only 
our first and preliminary attack at the unknown frontier. 
These experiments can give us only indirect evidence 
on the .physics at superhigh-energy scales. Just as the 
real nature of the weak force, namely that it is a gauge 
force mediated by gauge bosons, becomes manifest only 
at 100 GeV, in the same way the real nature of the 
unknown physics beyond the standard model will become 
clear only by experiments at the superhigh-energy scales. 

Monopoles 

Grand unified theories predict the existence of magnetic 
monopoles with masses of the order of 10^^ GeV. If 
such superheavy monopoles exist in nature and if 
monopoles and antimonopoles can be caught in sufficient 
numbers and kept in separate ‘bottles’, then by letting 
the monopole and antimonopole collide and annihilate 
each other, we can create fireballs with superhigh ener¬ 
gies 10^^ GeV) right here in the laboratory: 

M+M 10^^GeV. 
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However, success of this venture obviously depends on 
our luck in catching these rare objects! 

Planckian accelerator 

None of the above avenues - historical research on the 
early universe, nonaccelerator experiments and monopole 
search - can compare with dedicated experiments in the 
laboratory directly bearing on the superhigh Planckian 
energies. Physicists cannot remain satisfied with indirect 
attacks on the superhigh-energy frontier. Planck energy 
must be attained in the laboratory. 

This must be regarded as the most important problem 
in high-energy physics. A breakthrough in the discovery 
of a new mechanism of acceleration which can take us 
to Planck energy will advance high-energy physics much 
more than all the beautiful theories at Planck energy 
which the theorists are constructing. This will be a 
revolution. 

Some of the ideas being pursued are: lasertron, 
Wakefield acceleration, switched power linac, collective 
accelerator, laser-driven grating linac, inverse ffee- 
electron laser, inverse Cerenkov acceleration, plasma 
accelerator, laser beat-wave method*, etc. What we need 
are a hundred crazy ideas. May be, one of them will 
work. 

A word about India. We need not feel disheartened 
by our lag in accelerator technology. Perhaps there is 
no point in repeating all the well-tried accelerator 
mechanisms (which may be irrelevant as far as the 
Planckian accelerator is concerned). We may be able 
to leap-frog on accelerator technology! 

A look at the past history of accelerators will show 
that the growth of the energy of the accelerators over 
the years has been phenomenal. In an overall sense, 
the energy of the accelerators increases by a factor of 
10 in every 6 years. We interpret this exponential growth 
of the energy as an optimistic sign for the future of 
high-energy physics. Pessimists will point out that the 
required money as well as the dimensions of the acce¬ 
lerator also grow exponentially. This is true for con¬ 
ventional methods of acceleration. What we are 
envisaging are newer methods and newer technologies 
which will overcome these limitations. 

For machines employing the same technique of acce¬ 
leration, the growth lines have a shape that is not an 
exponential, but taper off. It is only the overall growth, 
including all types of accelerators, that is an exponential 
with the slope given above. This only shows that the 
growth of accelerators of a given kind has generally 

*C, Joshi and his colleagues at the University of California, Los 
Angeles, have succeeded in using this method to produce an accelerating 
electric field of 2.8 GeV/m, which is the largest coherent man-made 
accelerating field yet produced, and is 30 times larger than the limit 
imposed by radiofrequeacy breakdown in conventional accelerators. 


slowed down after the associated technology has matured 
and emphasizes the importance of new ideas of ac¬ 
celeration at every stage, in order to go further. 

By an optimistic extrapolation of this exponential 
growth, one can show"^ that a Planck energy of 10^^ GeV 
in the centre of mass (c.m.) system can be reached in 
the year 2086 ad. If this scenario is realized, the c.m. 
energies available for high-energy physics experiments 
in future will be as in Table 2. So, by 2062, we will 
produce the X bosons (the leptoquarks) and other objects 
of the grand unified theories, and by 2086, higher 
dimensions of space-time will no longer be hidden, 
superstring theory will be directly tested and quantum 
gravity experiments ill be done in the laboratory! Of 
course, entirely new things not contemplated by any 
theorist so far may be discovered. 

The period we have to wait may look too long. But, 
if one compares it with the time which elapsed between 
our first glimpse of the weak decays (Becquerel’s dis¬ 
covery of radioactivity in 1896) and the production and 
identification of the carrier of the weak force in the 
laboratory (1983), it is not much longer. 

To put the whole thing into proper perspective, let 
us contemplate Maxwell’s equations for electrodynamics, 


V • jB = 4 Jtp , 

(1) 

o 

II 

+ 

X 

> 

(2) 

VjB = 0, 

(3) 

VxB-^ = 479, 

(4) 

and compare them with the dynamical equations of the 
standard model: 

¥•£, + •• • = 47cp,, 

(5) 

dB, 

vxf:,+ -^ +••■ = 0, 

(6) 

v.B.+...+ = o, 

(7) 

dE, 

(8) 


where i goes over 1 to 12 corresponding to the four 
electroweak gauge fields y, W^, W", Z and the eight 
gluons. The dots in eqs (5)-(8) refer to the complications 


Table 2. Progress towards Planck energy 


Year 

1990 

1996 

2002 

2020 

2062 

2086 

Energy 
in GeV 

10^ 

10"^ 

10^ 

10* 

10*' 

10*’ 


CURRENT SCIENCE, VOL. 68, NO, 5,10 MARCH 1995 


505 




GENERAL ARTICLE 


arising from the nonabelian nature of the gauge fields 
of the standard model. 

All the accelerators so far are based on 
electrodynamics. As compared to electrodynamic tech¬ 
nology, the technology of the standard model is in a 
very primitive stage; we are perhaps at a level comparable 
to the study of electricity by rubbing amber on wool! 
We now know that electrodynamics does not stand 
alone; it is only a part of the unified electroweak 
dynamics. The deeper implications of the electroweak 
unification may be as profound and far-reaching as those 
of Faraday’s unification of electricity and magnetism or 
of Maxwell’s unification of electrodynamics and optics. 
Our understanding of QCD is at an even more primitive 
stage, because of colour confinement. But chromo¬ 


dynamics will be mastered and chromodynamic tech¬ 
nology also will come. Electrodynamic technology led 
to acceleration of particles up to TeV energies. By 
releasing the forces of the standard model and putting 
them to work, the goal of acceleration up to Planckian 
energies may be achieved even earlier than the prediction 
above. ‘Prediction is a difficult art, especially when it 
concerns the future’. 


1. Abe, F. et ai, Phys. Rev., 1994, D50, 2966. 

2. Everett, M. et ai. Nature, 1994, 368, 527. 

3. Llewellyn Smith, C. H., Oxford preprint, 1986, 34/86. 

4. Rajasekaran, G., in Proc. VIJI HEP Symp., (eds. Pal, M. K. and 
Bhattacharya, G.), SINP, Calcutta, 1986, vol. II, p. 399; Rajasekaran, 
G., in Particle Phenomenology in the 90s (eds. Datta, A. et al). 
World Scientific, Singapore, 1991, p. 1. 
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Date: 27-29 November 1996 
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and mechanical vibrations of stmctures; Shock-induced vibra¬ 
tions; Random vibrations; Buckling and post-buckling behaviour; 
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Bioregulation of starch accumulation in 
developing seeds 

Sukhdev S. Bhullar 

Department of Biotechnology, Guru Nanak Dev University, Amritsar 143 005, India 


Starch is a major constituent of cereal and most legume 
seeds and, thus, an important determinant of yield of 
these seeds. This paper reviews the processes control¬ 
ling starch deposition in the developing seeds. The 
capacity of the seed (i.e, cell and amyloplast numbers) 
to accommodate starch is determined during the first 
one-third phase of seed development and the 
availability of carbohydrates to the seed during this 
phase influences this capacity. Sucrose is the primary 
source of reduced carbon for starch synthesis in the 
seeds. In the cytosol of starch-storing cells, sucrose is 
catabolized to generate hexose phosphates (Glc-l-P or 
Glc-6-P), which are transported into the amyloplast. 
These are used to generate ADPGlc by ADPGlc-PPase, 
which is then used by starch synthase(s) and branching 
enzymes to produce starch. Although the regulatory 
role of ADPGlc-PPase (i.e. its activation by 3-PGA 
and inhibition by Pi) in starch metabolism in photosyn¬ 
thetic tissues is well documented, based on kinetic 
characteristics and molecular biology studies, its 
similar role in the developing seeds has been ques¬ 
tioned. 


Both cereal and legume seeds and their by-products 
make up a major part of the human diet. Cereals 
contribute 50% of the per capita energy intake worldwide 
and 65% in the developing countries and Asian centrally 
planned economiesAlthough the worldwide production 
of grain legumes is small relative to cereals, its relative 
contribution to human nutrition is greater than its relative 
production. Approximately 700 million people use 
legumes as an essential part of their diet^. Since starch 
is the main storage component of these seeds, an un¬ 
derstanding of the mechanisms controlling the deposition 
of this component will allow the design of new genetic 
engineering strategies for improvement of quantity and 
quality of these seeds. 

Several reviews over the past decade on the different 
aspects of starch synthesis have appeared^"^^. Since there 
is ample evidence^"^' that starch deposition in the seeds 
is most likely limited by the factors operating close to 
or within the grain, an attempt has been made to review 
our understanding of the processes that operate within 
the seed to control the synthesis and deposition of 
starch. 


Ontogenetic pattern of starch accumulation 

Early growth in all the seeds is primarily due to cell 
multiplication and cell expansion of the prospective 
storage tissue(s) and the surrounding structures like the 
seed coat, testa or pericarp without much reserve for¬ 
mation. In wheat, little starch is detectable during the 
coenocytic phase, but is present shortly after the cell 
wall formation beginsAlso, no starch is detectable 
in the cotyledons of certain leguminoseae seeds imme¬ 
diately after fertilization^^. Only after the radical begins 
to differentiate are the starch granules detectable in the 
cotyledons. Considerable variation is observed among 
species and cultivars within the genus Phaseolus in the 
time lag between flowering and first appearance of 
starch^^ Environmental conditions prevailing, especially 
the temperature, at the time of seed formation strongly 
affect the appearance of the first granules. For example, 
in wheat the starch granules first appear between day 
4 and 14 after anthesis depending upon the temperature^^: 
the higher the temperature, the earlier is the appearance. 

After the initial lag phase, seeds show a striking 
transition from a very slow build-up of starch to the 
rates typical of actively accumulating seeds. Such a 
transition, in majority of the seeds, often accompanies 
the last phase of cell division and the onset of more 
rapid cell expansion. About four-fifths of the starch is 
deposited in the endosperm of wheat after cell division 
has ended, the mean weight of starch per cell rises by 
fourfold to fivefold while the volume of the cells 
themselves increases by about twofold^”. Similarly, in 
pea, almost all the starch is laid down in the cotyledons 
without much change in the water content of the seed 
and with only a small increase (20%) in the mean 
volume per celP\ 

The rates of deposition of starch during active grain- 
filling stage varies greatly among species. Values as 
high as 10 mg per kernel per day are common for 
maize, in contrast to the much lower rates, less than 
1-2 mg per grain per day, for small-grained cereals 
(wheat, rice, barley, rye, etc.) and millets (sorghum and 
pennisetum). Values of about 2 mg (P. arvense) to 4 mg 
(P. sativum) per day have been recorded^^’Substantial 
differences between cultivars have been found too: maize 
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hybrids have higher rates than their inbred parents^^ and 
there are differences among the cultivars of wheat^"^’^^ 
and barley^^. Mutations strongly affect the rate of starch 
deposition. A 20% reduction in the starch content of 
mutant 1508 compared to normal Bomi barley is entirely 
due to the lower rate of starch accumulation^’. 

Starch storage organelles 

Starch in the seeds and other starch-storing tissues is 
deposited in the specialized organelles, the amyloplasts, 
which differentiate from proplastids^*. This conversion 
is accompanied by changes in the transcriptional activities 
of plastid genes’^. In most seeds, proplastids are recog¬ 
nizable at very early stages of cellular development^^. 
They most likely arise from the division of other proplastids 
and are transmitted from the mother to the daughter cells^^ 
At maturity, each amyloplast may contain only one 
starch granule (known as simple amyloplast) as in 
wheat^’, maize^^ and barley^"^, or there may be several 
of them (known as compound amyloplast; numbers 
around 100 are not uncommon) as in rice^^ and oats^^. 
Most of the seeds have only uniformly sized amyloplasts, 
but barley (some barley species do have unimodal size 
distribution ), wheat and rye have a bimodal size 
distribution: large (> 10|im in diameter) A-type and 
small (<10|im in diameter) B-type. A few days after 
an thesis, a single cell in the developing wheat endosperm 
may contain about 500 A-type amyloplasts^*^. However, 
with the passage of time, this number first declines and 
then rises swiftly as the more numerous B-type 
amyloplasts appear. This reduction in number is mainly 
ascribed to cell division continuing longer than the 
divisions in the A-type plastids (on an average, an 
A-type amyloplast undergoes about 3.5 divisions’*^) so 
that the younger cells (sub-aleurone) contain fewer 
amyloplasts than the older ones. Small B-type granules 
appear to be initiated in the stroma of A-type 
amyloplasts” and then separate by evagination or con¬ 
striction of the A-type amyloplasts. B-type starch granules 
are also found within the narrow protrusions extending 
from the surface of A-type amyloplasts; but it is not 
certain whether they are initiated in the protrusions or 
passed into them from the stroma. 

Changes in chemical composition 

Amy lose and amylopectin, the two major components 
of starch, are often deposited together during seed 
development, though not in a fixed proportion. The 
relative proportion of amylose increases with develop¬ 
ment in most of the seeds’’^ and, at maturity, amylose 
in the normal cereal endosperm constitutes about 25% 
of the total starch^*^. In waxy (wx) genotypes of maize, 
rice, barley and sorghum, the percentage of amylose is 


very low, and changes little with time, but in double 
mutant amylose extender and waxy {aewx) of maize, 
the amylose percentage decreases during development’^. 
The r (rugosus) mutation in pea seeds (resulting in 
wrinkled seeds) dramatically reduces the amylopectin 
content, whereas rb mutation increases it"^*^. 

Sources of reduced carbon for starch synthesis 

Sucrose is generally believed to be the primary carbon 
source for starch biosynthesis in the developing 
seeds**’It is translocated via the phloem from the 
photosynthetic tissues to the developing seeds. In wheat 
and barley, most of the photosynthate produced during 
the post-anthesis period and probably some produced 
prior to anthesis is used for grain filling"*’. The flag 
leaf, the stem immediately below the ear and the ear 
itself, are the main sources of carbon for the developing 
grain. Some of the reduced carbon may come from the 
stem reserves"*’. In pea and other legumes, the leaf and 
the stipule immediately subtending the pod serve the 
same function'^’. In legumes, the pod wall also plays 
an important role in the carbon economy of the develop¬ 
ing seed"*^. It is photosynthetically active, and in pea it 
may contribute 30-40% of the carbon of the mature seed"*’. 

Seed coat in most of the legumes is also capable of 
reassimilating a proportion of the carbon dioxide lost 
through the respiration of the developing embryo. Al¬ 
though the contribution of seed coat to the carbon 
economy of the seed varies through development, it 
may reduce carbon dioxide loss by about 20% (ref. 45). 
Similarly, the pericarp in the case of cereal grains is 
photosynthetically active and may contribute some 
reduced carbon to the developing seed"*^. But how much 
contribution of the reduced carbon comes from this 
tissue is not known. 

Biochemical pathway of starch synthesis 

Before the mid-eighties, several workers’’"*’”’** proposed 
pathways for conversion of sucrose to starch; however, 
most of these pathways were based on the studies with 
isolated enzymes, where compartmentalization of en¬ 
zymes and the metabolites was not considered, and hence, 
as such, are less likely to operate in vivo. Within the last 
decade, several investigators’*’” have developed methods 
for successful isolation of amyloplasts, which has provided 
a better understanding of the localization of enzymes and 
metabolites in different compartments of the cell. 

Metabolism of sucrose in the cytosol 

In the cytosol of the starch-storing cells, sucrose may 
be cleaved by sucrose synthase (SS) and/or by invertase 
(Figure 1). The presence of both the enzymes in the 
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Figure 1. Proposed scheme of starch synthesis in the developing seeds^^. Enzymes designated by 
numbers are: I, invertase; 2, sucrose synthase; 3, hexokinase; 4, hexose-6-phosphatase; 5, glucose 
phosphate isomerase; 6, UDPGlc-PPase; 7, phosphoglucomutase; 8, FBPase; 9, PFKase; 10, PPi- 
PFKase; 11, aldolase; 12, triose phosphate isomerase; 13, triose-P/Pi translocator; 14, hexose 
phosphate translocator; 15, adenyltranslocator; 16, ADPGlc-PPase; 17, pyrophosphatase; 18, soluble 
starch synthase; 19, granule-bound starch synthase; 20, phosphorylase; 21, branching enzyme. 

three enzymes have been reported in the developing 
seeds^^’^^“^^. But, because of its wide distribution, higher 
activity than that of ATP-PFK or FBPase and its regula¬ 
tion by Fru-2,6-Z?i5'P, PPi-PFK is presumed to play a 
more dynamic role in the interconversion of hexose 
phosphates and triose phosphates. Nevertheless, the role 
of PPi-PFK is still controversial^^. Since the reaction 
catalysed by PPi-PFK is readily reversible = 3.3) 
and is close to equilibrium in vivo, it could be involved 
in glycolysis or gluconeogenesis. In fact, Hatzfeld et 
have suggested that PPi-PFK could operate to generate 
PPi, which is required for sucrose mobilization via SS 
and UDPglucose pyrophosphorylase (UDPGlc-PPase)^^'^^. 
But, in contrast, many workers^^'have suggested 
that PPi-PFK may function in the glycolytic direction. 
The exact physiological role of this enzyme still remains 
unresolved. 

UDPGlc formed by the action of SS is converted to 
UTP and Glc-l-P by the action of the enzyme UDPGlc- 
PPase^^. The presence of UDPGlc-PPase is well docu¬ 
mented in a number of seeds like wheat"^^’^^’^^, maize"^^, 
barley^\ rice'^^ and sorghum^^l The activity of this enzyme 
in majority of the cases is higher than that of ADPglucose 
pyrophosphorylase (ADPGlc-PPase) and shows a strong 
parallel with starch synthesis. In contrast, the developing 
potato tubers have lower UDPGlc-PPase activity than 
ADPGlc-PPase and it increases only 2- to 3-fold in 


starch-storing tissues is well documented^^’But there 
is overwhelming evidence that in seeds'^’SS- 
mediated cleavage of sucrose is a predominant pathway. 
The specificity of SS for nucleoside diphosphate and 
nucleoside diphospho-sugar is quite broad. In majority 
of the cases, UDP and UDPGlc are the preferred 
nucleoside diphosphate and nucleoside diphospho-sugar*^. 
Recently, however, in sycamore suspension culture cells, 
ADP-specific SS has been reported^^. But the relative 
contribution of this enzyme to sucrose metabolism or 
to starch biosynthesis is still not clear. 

Fructose released by SS, and any hexose formed by 
invertase, is converted to hexose phosphates (Figure 1). 
The enzymes involved in the phosphorylation of hexoses 
and their interconversion are reported in the developing 
seeds of maize^^’^^ rice"*^’barley^*’and wheat^^ 
Their activity sharply increases concomitant with active 
starch synthesis. From position-specific radiotracer and 
*^C-NMR studies with wheat endosperm^"*, cell suspension 
cultures of Chenopodium rubrum, tubers of potato, seeds 
of faba beans and maize^^’^^, it is evident that rapid 
recycling between hexose phosphates and triose phos¬ 
phates takes place in these tissues. The recycling may 
be brought about either by the reactions catalysed by 
ATP-dependent phosphofructokinase (PFK) and a fruc¬ 
tose-1,6-bisphosphatase (FBPase) and/or by pyrophos¬ 
phate-dependent phosphofructokinase (PPi-PFK). All the 


i 


CURRENT SCIENCE, VOL. 68, NO. 5, 10 MARCH 1995 


509 






REVIEW ARTICLES 


comparison with 16- to 24-fold increase in ADPGlc- 
PPase during the active period of starch synthesis^^ But 
even in this case the enzyme activity is adequate to 
meet the demands of the observed rate of starch synthesis. 

PPi required for the reaction(s) in the cytosol may 
come either from the reaction catalysed by PPi-PFK or 
from the synthesis of macromolecules (protein, RNA or 
DNA). Alternatively, PPi could come from the synthesis 
of starch in the amyloplast and may be exchanged with 
cytosol via adenylate/PPi exchanger (see Figure 1) on 
the amyloplast membrane^^. Moreover, ample evidence 
.exists that plant cells contain appreciable amounts of 
ppj52.53.69 operation of UDPGlc-PPase. 

Nature of the carbon compound(s) trans¬ 
located to the amyloplast 

The nature of the carbon compound(s) translocated from 
the cytosol into the amyloplast is currently highly con¬ 
troversial. At least three types of sucrose-derived 
products, viz. those phosphate(s), hexose phosphate(s) 
and ADPGlc have been proposed to cross the amyloplast 
membrane (Figure 1). 

Evidence in favour of the transport of triose-P 

Several workers^’have suggested that carbon 
is transported as triose phosphates into amyloplast via 
triose-P/Pi-translocator and, subsequently, these are used 
for starch synthesis via gluconeogenesis. In fact, a Pi- 
translocator has been identified by immunoblotting 
analysis in the envelope membrane of the amyloplasts 
from suspension-cultured cells of sycamore^^’Also, 
the amyloplasts from developing seeds^^’^^ and from 
other starch-storing tissues*^’contain all the enzymes 
necessary to convert triose-P into starch. Moreover, the 
isolated intact amyloplasts from 14-day-old maize en¬ 
dosperm^^ and from potato tubers^^ preferentially take 
up and convert triose phosphates into an insoluble 
product, presumed to be starch. In the case of maize, 
however, it has subsequently been shown that the MeOH- 
KCl-insoluble product was not starch (J. C. Shannon, 
personal communication). 

Evidence against the transport of triose-P 

A piastidic-FBPase is the key feature of the above 
pathway. Without this enzyme, there is no known path¬ 
way for the conversion of triose-P to hexose-P in the 
amyloplast. Several workers^^’have indeed 
reported the presence of FBPase enzyme in the amylo¬ 
plasts of heterotrophic starch-forming tissues. However, 
the presence of this enzyme has been questioned because 
the piastidic-FBPase activity reported to be present in 
non-photosynthetic tissues is difficult to distinguish from 


the activity of the cytosolic PPi-PFK^^. Moreover, the 
recent efforts by Entwistle and ap Rees^^ have failed 
to detect this enzyme in a range of starch-storing tissues. 
Lloyd et also reached the same conclusion when 
they analysed the expression of a chimeric p- 
glucuronidase gene driven by the promoter of wheat 
chloroplast-FBPase in transgenic tabacco. The expression 
of this gene was light-dependent and linked to the 
photosynthetically active tissues only. KoBmann et al.^^ 
cloned the cDNA encoding the piastidic-FBPase from 
potato and analysed the expression of this gene at RNA 
level in different photosynthetically active (leaf and 
stem) as well as in the non-photosynthetic tissues (tuber, 
root and stolon) of potato. The expression of this gene 
at RNA level was also restricted to photosynthetically 
active tissues and was regulated by light. These obser¬ 
vations further support the view that the piastidic-FBPase 
is not active in heterotrophic tissues. Thus, even though 
the amyloplasts of these tissues may possess a 
triose-P/Pi-translocator, they do not have the conventional 
means of converting triose-P to hexose-P. 

Evidence in favour of the transport of hexose-P 

Evidence in favour of the transport of hexose-P(s) into 
amyloplast has been obtained by studying the degree 
of randomization which takes place with asymmetrically 
labelled sugar molecules as a result of their incorporation 
into starch^'^^ as well as by direct uptake studies with 
isolated intact amyloplasts^^"^^. When Tyson and ap 
Rees^^ incubated the isolated amyloplasts of wheat en¬ 
dosperm in the solutions of ^"^C-labelled glucose, Glc-l-P, 
Glc-6-P, Fru-6-P, Fm-l,6-bis?, DHAP or G3P, they 
observed that Glc-l-P served as the most effective 
precursor for starch synthesis in the amyloplasts. The 
degree of labelling of starch was dependent on the 
intactness of the organelle. A somewhat different 
specificity of transport was exhibited by pea 
amyloplasts^^, which readily took up and incorporated 
Glc-6-P, but not Glc-l-P, into starch. These data are 
consistent with , the view that in wheat and pea seeds 
it is a C-6 (Glc-l-P or Glc-6-P) compound that enters 
the amyloplast to provide carbon source for starch 
synthesis. 

Keeling et al.^^ used specific position-labelled [^^C] 
sugars and ^^C-NMR to examine the extent of redistribu¬ 
tion of between carbon 1 and 6 in starch glucosyl 
moiety during starch synthesis in wheat endosperms. 
When endosperms were fed [1-^^C] or [6-^^C] glucose 
or fructose, there was only 12-20% redistribution of 
into starch between the Cl and C6 atoms, again 
suggesting that hexose monophosphates, and not triose-P, 
are the most likely candidates for entry into amyloplasts 
of wheat. Similar observations of direct import of hexose 
units into amyloplasts of potato tubers, faba beans. 
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maize endosperm and suspension cells of Chenopodium 
rubruni^'^^ have been made. 

Transport of ADPGlc into amyloplast 

Recently, an alternative pathway for carbon transport 
into amyloplast has been proposed^"^. According to this 
pathway, ADPGlc is synthesized directly from sucrose 
via the action of cytosolic SS and then transported 
across (via. ADP/ATP translocator) the amyloplast 
membranes, where it could be utilized by starch synthase 
(Figure 1). 

An important distinction between this and hexose-P 
pathway is the subcellular localization of ADPGlc syn¬ 
thesis that is required for the synthesis of starch. Although 
SS in starch-synthesizing seeds functions with ADP^^, 
there is overwhelming evidence that the sugar nucleotide 
utilized by starch synthase is synthesized by ADPGlc- 
PPase in the plastid and not by SS in the cytosol. Lin 
et isolated two Arabidopsis thaliana lines mutated 

at the Adgl and Adg2 loci that were defective in starch 
synthesis and ADPGlc-PPase activity. Plants of the adgl 
line, which accumulated very little leaf starch, were 
devoid of both large and small subunits of the ADPGlc- 
PPase as viewed by immunoblot analysis^^, where plants 
of the line adgl, which accumulated 40% as much 
starch, were deficient in the large subunit of ADPGlc- 
PPase^^. Therefore, the absence or depression in the 
levels of starch synthesis can be attributed to a direct 
causal relationship between defects in the structural 
genes for ADPGlc-PPase and the concomitant lower 
amounts of enzyme activity. Maize mutants, sh-2 and 
bt-2, which contain about 25% of the starch in the 
normal endosperm, exhibit 10% ADPGlc-PPase activity 
as compared to the normal endosperm^^. Further 
biochemical and molecular biology studies^^, using the 
native and subunit antibodies of spinach leaf enzyme, 
have shown that mutant btu-2 lacks the 55 kDa subunit 
and the mutant sh-2 lacks the 60 kDa subunit, and that 
both the subunits are required for maximal enzyme 
activity and starch synthesis^ Similarly, pea lines having 
recessive rb genes contained 3^-72% of the starch found 
in the pea line having the Rb loci and about 3-5% of 
the -normal ADPGlc-PPase activity. Other convincing 
evidence that the ADPGlc-PPase is the dominant enzyme, 
if not the sole enzyme, producing ADPGlc for starch 
synthesis in potato tubers has come from the use of 
‘reverse genetics’. Miiller-Rober et al^^ have shown that 
application of antisense RNA to the gene of the small 
subunit or the large subunit of potato tuber ADPGlc- 
PPase resulted in the production of minitubers containing 
only 3% of the starch observed in normal tubers. Recent¬ 
ly, Stark et al}^ have shown that only the expression 
of CTP-glgC16 (i.e. a plastid-directed ADPGlc-PPase), 
not glgC16, results in an increased starch content in 
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transgenic potato tubers. These studies amply prove that 
the ADPGlc used for starch biosynthesis is formed via 
the activity of ADPGlc-PPase, and the SS-ADPGlc path¬ 
way plays little, if any, role in this process. 

Metabolic reactions inside the amyloplast 

Despite the controversy over the nature of the carbon 
compound(s) imported into the amyloplast, there is a 
consensus that Glc-l-P serves as a precursor for starch 
synthesis^’The activity of ADPGlc-PPase, the enzyme 
producing ADPGlc from Glc-l-P, has been monitored 
in a large number of developing seeds'^’ ^ and the evidence 
that this enzyme plays a cardinal role in starch synthesis 
has been discussed earlier. PPi produced during this 
reaction is inhibitory to ADPGlc-PPase and is either 
removed from the amyloplast via PPi/adenylate exchanger 
on the amyloplast membrane (Figure 1) or hydrolysed 
to Pi by alkaline pyrophosphatase. ADPGlc in the next 
step is added to the growing glucan chain by starch 
synthase. Starch synthase occurs both in soluble and 
starch-granule-bound forms'^’There are two forms of 
soluble starch synthase, designated as starch synthase I 
and starch synthase II. These starch synthases are specific 
for the substrate ADPGlc. Though the two forms have 
the same affinity {Kf) for ADPGlc, type I enzyme in 
the presence of 0.5 M citrate is active without a primer 
whereas type n enzyme is inactive. From spinach leaf 
and maize endosperm starch synthase I has a molecular 
weight (MW) of about 70 kDa whereas starch synthase 
II has a MW of about 92 kDa. The granule-bound starch 
synthase (GBSS) can utilize both UDPGlc and ADPGlc 
as substrates. The rate of glucosyl transfer from ADPGlc, 
however, is 3 to 10 times higher and the for ADPGlc 
is 15- to 30-fold lower than the for UDPGlc. 
MacDonald and Preiss^^^’ solubilized (50-80% 
recovery) starch synthase activity from starch granules 
of Zea mays endosperm and resolved the enzyme extract 
into two fractions by fractionation of DEAE-sepharose 
CL-6B. GBSS I eluted off the column at lower salt 
concentrations than did starch synthase H. Both forms 
required a primer (amylopectin) for activity. GBSS 11, 
however, had a higher affinity (lower for amylopectin 
than type I enzyme. GBSS I had a MW of 61 kDa and 
is different from soluble starch synthase I (MW 70 
kQa). However, GBSS n and soluble starch synthase I 
have almost similar MWs (about 92 kDa). Antibodies 
against the soluble starch synthase I neutralized soluble 
starch synthase I effectively but had little or no effect 
on either GBSSI or n. Thus, kinetic data and the 
differerit MWs of starch synthases suggest that soluble 
starch synthase I and GBSS I are different proteins. 

During the initial stages of maize endosperm develop¬ 
ment,^ the major form of starch synthase is the soluble 
one, becoming progressively bound as the tissue matures. 
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The relative contribution of the soluble and the granule- 
bound enzymes to starch synthesis in the developing 
seeds, however, is unclear. The studies with wx mutants ^ 
of maize and amylose-free mutants in potato have 
revealed that these mutants had no amylose and had 
no granule-bound starch synthase activity, thus indicating 
that the soluble enzyme produces amylopectin and the 
bound one produces amylose. Further biochemical studies 
of GBSS in maize endosperm and genetic manipulation 
with potatoes is consistent with this view^°^"^^^. In pea 
embryo, the genes encoding the GBSSs are maximally 
expressed at different times during development. The 
levels of mRNA for GBSS II peak early in development, 
whereas those for GBSS I peak considerably later^^^. This 
ontogenetic pattern of appearance of GBSS I is consistent 
with the role of this enzyme in amybse synthesis, the 
amount of which increases with the maturity of the seed. 

The last enzyme in the starch biosynthesis pathway 
is the starch branching enzyme. This enzyme catalyses 
the cleavage of a short chain of glucosyl units (20 or 
less) from the non-reducing end of an al,4-linked chain, 
followed by reattachment of the cleavage product to the 
side of the same or an adjacent chain via al,6 linkage 
to create a branch. Multiple forms of branching enzymes 
have been identified in developing grains of sorghum^^*, 
maize^^, pea^^^ and rice^^^ In immature maize endosperm, 
two forms (I and H) were distinguished on the basis 
of their behaviour in the assay system used. The form 
II could further be resolved into two fractions, Ila and 
Ilb. The enzymes are monomers and have MWs in the 
range of 80 (fraction Ila and lib) to 89 kDa (fraction 
I) and can be distinguished by their kinetic assays and 
immunological reactivitySimilarly, the two forms of 
branching enzymes (type I and II) present in pea embryo 
also have different kinetic and physical properties, and 
different patterns of expression during seed develop¬ 
ment^^. The two forms differ in their affinity for substrate 
(amylose), and in the solubility of their product^ One 
form is about 112 kDa and the other is about 100 kDa. 
A comparison of the deduced amino acid sequences 
reveals that they are about 50% identical. The levels 
of mRNA for branching enzyme I peaks early in develop¬ 
ment whereas that for branching enzyme 11 peaks much 
later. These differences suggest that the two forms must 
play different roles in the synthesis of starch. 

Both forms of branching enzyme are present in the 
soluble fraction of the amyloplast and are bound oif'to 
the granule. Smith and Denyer^^ have suggested that 
branching occurs in the soluble phase at the periphery 
of the granule and that the branching enzymes, like the 
soluble starch synthases, become entrapped within the 
structure of the granules as their product crystallizes. 
But how the different isoforms of branching enzyme 
interact with the isoforms of starch synthase to determine 
the fine structure of the starch granule is not known. 


Regulation of starch synthesis 

Since the amount of starch deposited in the mature seed 
is dependent on the complex interplay of a large number 
of processes operating at different stages and at different 
levels of tissue organization during seed development, 
regulation of starch may take place at several sites. 

Through the provision of carbon substrates 

Most of the studieswith the developing cereal 
grains have indicated that the termination of starch 
accumulation in the grain is not due to the reduced 
supply of sugar precursors but due to a decline in the 
synthetic capacity of the endosperm. In fact, Cochrane^ 
has shown that sucrose continues to enter the developing 
barley endosperm even after the end of grain filling. 
Similarly, there is much evidence^’to suggest that 
sucrose supply under normal conditions does not limit 
starch accumulation, but the factors operating within, 
or close to the seeds control starch deposition. For 
example, artificially increasing CO 2 levels in barley^^^ 
had little effect on grain filling, and decreasing the 
number of grains per ear^^*"^^” had variable effects, but 
seldom did the weight per grain increase by a large 
margin. Reducing photosynthesis by shading^^^ or defolia- 
tion^^^ does not result in very large decreases in weight 
per grain, and variation in irradiation during grain filling 
is not closely related to the rate of grain growth^^^. 
Further, under conditions which tend to reduce the 
production of assimilates, such as drought^^^ leaf senes- 
cence^^"^, or chemical treatment^^^, soluble carbohydrates 
from other parts of the plant are mobilized to sustain 
grain growth. Furthermore, Ugalde and Jenner^^^ have 
estimated that sucrose present in the developing wheat 
endosperm and cavity is sufficient for about 4 h of 
starch synthesis. Thus, while there is a safety margin, 
starch synthesis clearly depends on a steady supply of 
assimilates from the rest of the plant, and this steady 
supply is ensured by the operation of temporary storage 
pools in the other parts of the plant"^^. Temporary storage 
pools serve to accommodate photosynthate during the 
period of surplus production, and to provide photosyn¬ 
thate when the current rate of photosynthate production 
is less than the needs of the grains. 

More recent studies^^^ with the heterotrophic suspen¬ 
sion cultures of Chenopodium rubrum cells using 
glucose suggest that sucrose concentration in the cells 
is regulated by rapid cycles of synthesis and degradation. 
These cycles allow the turnover of sucrose to respond 
very rapidly to changes in the levels of metabolic 
intermediates and sucrose, thus implying that sucrose 
turnover responds automatically to changes in the supply 
of sucrose and to the requirements for biosynthetic 
pathways. 


512 


CURRENT SCIENCE, VOL. 68, NO. 5,10 MARCH 1995 



REVIEW ARTICLES 


More detailed information on the responses of starch 
deposition to variation in the concentration of sucrose 
in wheat has been obtained by Tenner et al? by culturing 
detached ears/endosperms on solutions of sucrose. During 
grain filling, the rate of starch synthesis appears to be 
a function of the concentration of sucrose within the 
endosperm, but the concentration of endosperm sucrose 
seems to be tightly controlled. Rates of starch synthesis 
observed in ears cultured on solutions containing 40 
gL"^ sucrose correspond to rates observed in vivo. At 
concentrations below 40 gL"\ both the concentration of 
endosperm sucrose and the rate of starch synthesis are 
lower than the values observed in vivo; concentrations 
higher than 40 gL”^ have little promotive effect""^’ 
Trimming wheat ears after an thesis (by removing some 
spikelets) causes an increase in sucrose in the rachis, 
indicating that this treatment increases the amount of 
substrate available for distribution to the grain, but no 
corresponding increase in sucrose follows 

These apparent limitations to the accumulation of 
starch and intracellular concentration of sucrose are not 
the properties intrinsic to the endosperm, as they can 
be circumvented by supplying sucrose directly to the 
endosperm^^”. Instead, the limitations are explicable as 
a constraint imposing an upper limit to the transport of 
sucrose into and within the grainThis is not imposed 
by the characteristics of transport of assimilates to the 
ear, as grain growth is unaffected by cutting through 
half the vascular bundles of the peduncle^^^ there appears 
to be a compensating increase in concentration and 
speed of movement through the vascular bundles that 
remain. 

The simplest postulate explaining the upper limit to 
sucrose inflow and starch accumulation invokes a 
transport mechanism with saturable characteristics in the 
pathway of entry into the endosperm. Whether this 
operates in the stalk of the grain'^^ or at the site(s) of 
unloading and transfer in the endosperm cavityis not 
clear. According to Tenner et aL\ the relationship 
between the supply of assimilates for grain filling and 
the rate of starch accumulation is the outcome of a 
concentration gradient in the pathway of entry into the 
grain and kinetic properties of the starch biosynthetic 
pathway in the endosperm. 

Capacity to accommodate starch 

Several studies in wheat^*"^’have suggested that the 
capacity of the grain to store starch is correlated with the 
number or size of endosperm cells or A-type starch granules. 
Since both the cell number and A-type starch granules are 
determined during the early phase of grain growth, the 
availability of assimilates during this phase may determine 
cell number and starch granule number, and the evidence 
that this appears to be the case has been reviewed^. 


Additional evidence that the number and size of starch 
granules determine the amount of starch deposited in 
the grains of wheat^^^ and barley^^^ has been obtained 
by growing plants at different temperatures. Bhullar and 
Tenner*^’ exposed the plants of four cultivars of wheat 
(grown at 21/16°C) during grain filling (from 10 days 
after anthesis) to brief episodes of high temperatures of 
33/25T (day/night) and 27/22T for 10 and 20 days, 
respectively. The final single-grain weight in all the 
cultivars was reduced by elevating the temperature, and 
to the same extent (14%). The number of B-type granules 
(but not A-type), were substantially reduced by warming, 
but this reduction did not account wholly for the smaller 
weight of starch per grain resulting from elevated 
temperatures. MacLeod and Duffus^^^ also observed 
decreases in barley grain dry weight at elevated tempera¬ 
tures, which were due to reduction in both volume 
available for starch accumulation and numbers rather 
than sizes of starch granules. 

Metabolic regulation 

Several workers speculate that starch synthesis may be 
regulated by the de novo synthesis of enzymes of 
sucrose-to-starch conversion during seed development"^. 
The above notion of coarse control of starch synthesis 
is supported by mutant studies in cereals like maize, 
barley, sorghum and rice. The maize mutants, bt-2 and 
sh-2, which contain less starch than normal genotypes, 
are deficient in ADPGc-PPase. The wx maize mutant, 
containing little or no amylose, was shown to be limiting 
in GBSS I activity. Similarly, according to Boyer and 
Preiss^^^, the deficiency of branching enzyme Ila and 
soluble starch synthase II is responsible for decrease in 
starch content and increase in amylose in maize mutant 
dull. Batra and Mehta^^’^“ suggested that in barley, lower 
levels of PGM and starch synthase might be responsible 
for reduced accumulation of starch in mutant notch-2 
grain as compared to parent NP 113 during grain 
development. The wx rice grain, which has a high degree 
of branching, resulting in glutinous starch, contains much 
lower levels of bound starch synthase than non-waxy 
ones^"*”. In non-waxy grains, it is postulated that the 
formation of a complex between newly synthesized 
amylose and bound starch synthase may reduce access 
to the branching enzyme and thus lower the proportion 
of amylopectin formed as the development proceeds. 

Extensive studies by Preiss and his associates^’ ^ suggest 
that ADPGlc synthesis is regulated by the activation of 
ADPGlc-PPase by 3-PGA and inhibition by inorganic 
phosphate (Pi). This view is almost certainly correct for 
photosynthetic tissues, where its flux control coefficient 
for carbon is reported to be much higher than that of 
the other enzymes of starch biosynthetic pathway'"^^ But 
whether this enzyme plays a similar predominant 
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regulatory role in the seeds is not clear. Early work by 
Dickinson and Preiss^^ showed that maize endosperm 
ADPGlc-PPase was relatively insensitive to activation 
by 3-PGA and inhibition by Pi. However, Plaxton and 
Preiss^"^^ showed that the insensitivity of maize endosperm 
ADPGlc-PPase was due to the proteolytic loss of 1 kDa 
peptide during purification. They further demonstrated 
that the intact enzyme purified under non-proteolytic 
conditions was closely related to the enzyme from 
photosynthetic tissues. Like spinach leaf enzyme, it was 
activated by 3-PGA and inhibited by Pi. Similar char¬ 
acteristics have been observed for potato enzyme also'"^^. 
These regulatory properties are consistent with an im¬ 
portant role of this enzyme in the regulation of the flux 
of photosynthates into starch. However, the ADPGlc- 
PPase purified from wheat endosperm^"^, barley^'^^ en¬ 
dosperms and pea embryo^^ appear to be relatively 
insensitive to regulation by 3-PGA/Pi. Like wheat endo¬ 
sperm enzyme, pea embryo enzyme is also insensitive 
to activation by 3-PGA and inhibition by Pi. Additional 
evidence that wheat endosperm enzyme differs from 
that of the leaf comes from molecular biology studies^"^^. 
cDNA or genomic clones for ADPGlc-PPase gene for 
wheat endosperm and wheat leaf have been isolated. 
At the DNA level the isolated genes are quite different. 
For wheat leaf and wheat endosperm, nucleotide sequence 
analysis indicates that there is approximately 55% identity 
between leaf and wheat endosperm cDNAs and, on the 
basis of southern hybridization analysis and restriction 
mapping, there appear to be at least two distinct gene 
families. Similarly, for spinach leaf and rice endosperm, 
there is only about 50% identity^. In terms of amino 
acid sequences there was an overall low homology 
(40-44%) between wheat leaf, wheat endosperm and 
rice endosperm ADPGlc-PPases. There are, however, 
several well-conserved domains with the identity between 
the sequences of between 60 and 84% (ref. 146). Al¬ 
though it appears that the endosperm enzyme has a 
3-PGA binding site, it was suggested that the differences 
between wheat leaf and endosperm ADPGlc-PPase amino 
acid sequences in the regions other than the putative 
3-PGA binding site are responsible for the observed 
differences in allosteric properties of these enzymes. 
This would suggest that the wheat endosperm enzyme 
might not be able to undergo the necessary conforma¬ 
tional changes required to convert it to a more active 
form in the presence of 3-PGA. 

Summary and future prospects 

Various aspects of starch synthesis and its regulation 
in the developing seeds have been reviewed. Capacity 
of the seed to store starch is determined during the 
early stages of seed growth (i.e. seed enlargement phase), 
and the processes during the subsequent stages (i.e. 


seed-filling phase) operate to fill this capacity. The 
number of cells and the amyloplasts, which are cardinal 
determinants of storage capacity, are determined during 
the earlier one-third stage of grain growth and both the 
parameters appear to be influenced by the availability 
of carbohydrates during this phase of seed growth. 

The primary source of reduced carbon appears to be 
sucrose, the supply of which is most probably not 
limiting for starch storage in the developing seeds. In 
the cytosol of starch-storing cells, sucrose is first con¬ 
verted to UDPGlc by SS. Glc-l-P or Glc-6-P, derived 
either from UDPGlc or hexoses, may then be transported 
across amyloplast membranes, where it is converted to 
ADPGlc and thence into starch via ADPGlc-PPase, 
starch synthase and branching enzyme. Recent molecular 
biology and mutant studies suggest an important role 
of ADPGlc-PPase in the production of ADPGlc. The 
properties of ADPG-PPases from photosynthetic tissues 
and heterotrophic starch storage tissues appear to differ. 
In particular, the endosperm enzyme did not exhibit any 
of the activation characteristics reported for leaf enzyme. 
More detailed studies with different seeds are required 
before the regulation of ADPGlc-PPase by 3-PGA/Pi 
can be generally accepted. Both starch synthase and 
branching enzyme exist in multiple forms. But the 
precise role of these enzymes in starch synthesis or in 
determining the structure of starch granules is not known. 

Recently, expression of an E. coli gene (glgC16) in 
potato from a patatin promoter and SSU leader sequence 
has been reported to lead to increased starch accumulation 
in potatoes^^. Additionally, the technologies to transfer 
gene(s) to other starch-storing crops such as corn, wheat 
and rice are being developed. In the next 10 to 20 
years, by using these techniques, it may be possible to 
enhance seed productivity and to produce starch of 
desirable quality. 
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The classical technique of mutational screen for iden¬ 
tification of genes controlling early development has 
now approached saturation. A new era in genetic 
identification and developmental characterization of 
genes in Drosophila has commenced with the advent 
of the enhancer trap technique. This technique involves 
mobilization of a P lacZ vector to diverse chromosomal 
locations in the fruit fly genome to bring it under the 
regulation of developmentally expressed genes or their 
enhancer elements. The technique offers a strikingly 
elegant method of gaining entry into fruit fly genes. 


During the development of the higher organisms, an 
apparently uniform egg cell gives rise to a complex 
metamerized adult. In the past decade and a half there 
have been dramatic improvements in our understanding 
of the principles governing the correct segregation of 
the developmental potential of cells in a growing embryo 
in a well-defined spatial and temporal order. Much of 
our understanding in these areas has emerged from the 
studies on the fruit fly, Drosophila. To understand the 
logic behind the process of embryonic differentiation 
and determination, it is necessary to know how many 
genes ar-e involved in the embryonic pattern formation, 
whether each of these genes is unique and what types 
of pattern alterations are caused by mutations in a single 
gene. The answer to all these diverse questions lies in 
the identification and subsequent developmental and 
molecular characterization of the genes which regulate 
these developmental steps and cell differentiation. In 
this review, a recently developed technique, popularly 
referred to as enhancer trap technique, for identification 
of Drosophila genes has been discussed. 

One important aim of developmental biology is to 
elucidate the complex mechanism controlling early 
embryonic development. The classical mutagenesis 
approach to study development is to obtain genetic 
variants that alter or block developmental decisions 
during embryogenesis. Several classes of genes have 
been found to operate during development to establish 
the final body pattern of Drosophila}~^. Based on their 
mode of inheritance, two types of genes have been 
distinguished - the maternal genes and the zygotic genes. 
The maternal genes act during oogenesis. The products 
of maternal genes are provided to the embryo by the 


germline and the somatic cells of the mother. These 
maternally derived products function in the synctium to 
organize the antero-posterior and the dorso-ventral axis 
of the embryo^. Subsequently, the activities of the zygotic 
genes ensure the origin of diverse spatial pattern in the 
developing embryo. The zygotic genes act in a hierar¬ 
chical fashion to divide the embryo into segments and 
the latter into smaller groups of cells ~ the compartments. 
The category of genes classified as homeotic genes 
specify the individual segmental identity 

A series of intensive screens for the embryonic lethal 
mutations leading to pattern defects originally initiated 
by Nusslein-Volhard and Weischaus^ have now provided 
a large list of genes implicated in the genetic control 
of development in Drosophila^'^'^\ These screens for 
mutations inducing embryonic lethality have truly been 
exhaustive and currently it is believed that the technique 
has come to saturation. At least the prospects of finding 
new loci by the use of classical mutagenesis screen has 
receded to the point of unprofitability. Moreover, screens 
based on mutant phenotype alone may lead to an 
underestimation of the number of genes required for 
pattern formation^”^’^’^^. For example, haploinsufficiency 
loci, duplicated genesmutations with subtle pheno¬ 
types, existence of ‘shunts’ in the development, and 
mutations causing developmental arrest before differen¬ 
tiation^ would have been mostly overlooked in these 
classical mutagenesis screens. The stage has now been 
set to search for newer methods of genetic screens for 
the identification of genes controlling fruit fly develop¬ 
ment. 

One of the possible approaches towards identification 
of new genes is by virtue of DNA homology. In this 
reverse genetics approach, for example, the gene caudal 
essential for the normal segmentation process was dis¬ 
covered using the conserved 180 nucleotide sequence 
as the homeotype^^’ Another method involves a screen 
for gene expression patterns using panels of monoclonal 
antibodies raised against specific parts or whole of the 
organism^^. The antibodies which react with the antigen 
of the tissue of interest are used to clone the cor¬ 
responding gene from the cDNA expression library 
Screens based on homology, however, have their own 
limitations. These include the nature of the DNA or 
the protein probes used and the fact that these depend. 
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a priori, on functional conservation of the genes in 
question, whereas there could be many other genes 
whose identification would nevertheless escape this 
approach of reverse genetics. In addition, these techniques 
are time-consuming and genes that are cloned are 
generally not amenable to immediate genetic analysis. 

Enhancer trap technique-a historical 
perspective 

Recently, a powerful and promising technique - the 
enhancer trap technique - has been developed that per¬ 
mits rapid identification and isolation of new genes 
regulating fruit fly development^^ In this technique a 
P element vector carrying bacterial lacZ reporter gene 
is mobilized to obtain its insertion in a wide variety 
of genes or their transcriptional enhancers. Subsequently, 
developmental expression of the lacZ reporter gene from 
its new chromosomal positions is studied to identify 
novel genetic loci and their functions. 

Of the many transposable elements in Drosophila, the 
P elements have attracted maximum attention because 
several properties of the P elements make them useful 
for controlled genetic manipulation and fly transforma¬ 
tion^^. Both natural and genetically engineered P element 
derivatives have been studied extensively. Natural P 
elements are 2907 bp in length. They have one small 
and three large open reading frames which appear to 
encode a single polypeptide with transposase activity 
and precise inverted repeats of 31 bp that flank the 
internal sequences These inverted repeat sequences 
are essential for P transposition. Transposition of P 
element is catalysed by the enzyme encoded by its 
transposase gene. Production of transposase is limited 
to germline cells due to tissue-specific splicing of the 
introns of the transposase gene The engineered P 
elements which are used in the enhancer trap technique 
or germline transformation of the fruit fly are manipulated 
to eliminate the transposase gene and replace their 
internal sequences with markers suitable for their iden¬ 
tification following transposition^^. These P element vec¬ 
tors can now be used for transgenesis of any desired genes 
(Figure 1). A P vector bereft of its transposase gene, 
however, is incapable of mobilization on its own. Its mobiliza¬ 
tion is achieved with the help of transposase enzyme derived 
from another P element carrying an intact transposase 
gene^^’^"*’^^. During a typical germline transformation, both 
vector and helper elements are injected in Drosophila polar 
plasm during early embryogenesis to promote P insertion. 
Using this strategy, Spradling and Rubin^^ achieved the 
insertion of rosy gene of Drosophila in its mutant background 
to achieve the first landmark of transgenesis in the fruit fly 
(Figure 1). The subsequent period of research saw an 
explosion of the literature on fruit fly transformation using 
a large number of cloned genes. 




Select the files 
with fy+ eye color 


Figure 1. Schematic presentation of the generation of transgenic flies 
by the microinjection technique. Spradling and Rubinsuccessfully 
reintroduced the rosy (ry) gene to achieve fly transformation. The 
modified P element was constructed by replacing the transposase gene 
coding region by rosy gene and then microinjecting this P element 
with an intact helper P element into ry~/ry~ embryo. The helper element 
provides the transposase source necessary for transposition of the 
modified P element. The transformed flies can be detected by the rosy 
eye colour as the embryo is of M-cytotype, with the adult survivor 
with rosy eye colour confirming the transformation ry~/ry~. 


Development of the enhancer trap technique (Table 
1), dealt with in the subsequent sections, owes its origin 
to a clever manipulation of this technique of fruit fly 
transformation in the laboratory of Walter Gehring at 
Basel^^. This manipulation involved a reconstruction of 
the transposon P[/ac, O'^A having an inframe transla¬ 
tional fusion of lacZ to the second exon of the P 
element, the rosy^, ry'^ gene as the adult eye marker, 
trailer sequences and the rosy polyadenylation site of 
Drosophila hsp70 gene on the 3' end of the lacZ gene 
(Figure 2). This transposon was used for germline trans¬ 
formations to achieve random insertions of bacterial |3 
galactosidase, lacZ gene^^ at a large number of 
chromosomal loci. The P lacZ vector was microinjected 
along with the helper (wing clipped) vector^^, which 
provides the transposase source. Identification of the 
transformed flies was subsequently made on the basis 
of the ry^ marker in the P lacZ vector (Figure 2). The 
lacZ gene in these transformants showed little or no 
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Table 1. Landmarks in the development and improvization of the enhancer trap technique beginning with fly transgenesis 


Landmarks 

Technique 

Transposon 

designed 

Helper used 

Reference 

Transgenesis 

Microinjection 

P element harbouring 
the ry gene of P 
element Drosophila 

Intact 

17 

Transgenesis to detect enhancer 

Microinjection 

P {lac, ryD A vector 
harbouring lacZ 
reporter gene 

p 7t25.7 wc 
(wing clipped) 

P element 

18 

Generation of stock with stable trans¬ 
posase source from an integrated P 
element 

Microinjection 

ry A2-3 element 


25, 28 

P-element-mediated insertional muta¬ 
genesis 

Transposon mobilized 
by genetic cross 

pUChsneo vector 

hsp70 promoter 
fused to white 
and transposase 
gene inducible 
transposase source 

27 

Generation of transposant lines/tissue- 
specific markers by enhancer detection/ 
trap technique to study Drosophila 
development 

Same as above 

P LArB or P lacW 

vectors 

Stable A2-3 element 

30-33 

Modified P element constructed by 
promoter fusion of genes of interest 
to lacZ reporter gene to promote 
preferential insertions 

Same as above 

P en lacZ 

P LArB 

P eve lacZ 

P ftz lacZ vectors 

Same as above 

35, 36, 39 

Construction of hobo lacZ element, 
followed by generation of: 

a. Transformant lines 

b. Transposant lines 

a. Microinjection 

b. Transposon 
mobilized by genetic 
cross 

H(pHLw2) 
with miniwhite 
and lacZ reporter 
gene 

Piry*, HBLl) 

SI 

Site-directed expression of the gene 
using the yeast transcriptional activator 
Gal4 

Transposon mobilized 
by genetic crosses 

pGATB 

pGATN 

pGawB 

pUAST vectors 

Stable A2-3 element 

60 


The origin of enhancer trap technique can be traced from fly transformants* with subsec^uent innovations. Transgenic flies are those 
which receive a gene by P-mediated germline transformants, whereas transposant flies^' are those which receive the P transposon 
through germline mobilization of the element in the parental flies in a genetic cross. 


endogenous activity but remained responsive to the 
developmental regulation of the enhancer elements of 
the genes in the neighbourhood. Transformation of the 
fruit fly with this element revealed a strikingly large 
number of genetic loci which could developmentally 
regulate the expression of the lacZ reporter gene. This 
technique opened an immense prospect of search for 
new genes based on developmental expression of the 
lacZ reporter gene. It thus provided a means of first 
determining a tissue- and developmental-stage-specific 
expression of a given gene and its subsequent genetic 
and molecular characterizationThe technique, however, 
suffered from the limitation of the arduous task of 
microinjection in thousands of embryos and identification 
of transformed lines before one could search for develop¬ 
mental expression of the lacZ reporter gene. The very 
magnitude of the physical labour involved in this kind 
of approach appeared to be a major hurdle in large-scale 
application of this technique. Two independent groups 
of workers, one at the laboratory of Allan Spradling at' 
Carnegie Institute, Washington"^, and the other at the 
laboratory of William Engels at University of Wiscon¬ 


sin"^ achieved integration of a stable source of 
transposase gene, which eventually circumvented the 
problem of large-scale microinjection. Cooley et alP 
transformed flies with P element where the transposase 
gene was placed under the regulation of Drosophila 
heat shock promoter (hsp70) that permitted its activation 
under heat shock conditions (Figure 3). 

In a genetic cross this integrated helper element with 
an inducible source of transposase could catalyse the 
transposition of recombinant P element to new genetic 
locations. The mobile P vector carried the necessary 
markers (Figure 3), which made the identification and 
molecular cloning of the genomic fragments adjoining 
the insert almost instantaneous"^. The large number of 
inserts in the Spradling laboratory nearly generated a 
library of stocks with P insertions at various genetic 
loci. 

The stable source of transposase generated in the 
Engels Laboratory^^ marked a further improvement over 
the inducible transposase source devised in the Spradling 
laboratory on two accounts - firstly, the stability of the 
transposase source was extremely high and, secondly, 
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M iacZ 
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Figure 2. Graphic presentation of the technique of the first case of 
the enhancer trap employed. O’Kane and Gehring^^ designed the P 
(lac, ry'^)A transposon harbouring the lacZ and rosy reporter gene. 
The modified P element was microinjected along with the P 25.7 wc 
(wing clipped) vector (where the flanking inverted repeats of the P 
element are clipped off which are necessary for its insertion and hence 
acts as a stable transposase source) into the ry~/ry~ embryo. The 
transformant survivor adults are recognized on the basis of rosy eye 
colour. The reporter lacZ gene driven by a weak P promoter expresses 
under the regulation of the genomic enhancers of the Drosophila 
genome, which were subsequently detected by histochemical staining 
for p-galactosidas^. 


genous source of transposase of the A2-3 (99B7-10) 
line. This completely did away with the need for microin¬ 
jection to obtain chromosomal insertions of P lacZ 
vectors (Figure 4 and Table 1). Once liberated from 
the constraints of microinjections, it was inevitable that 
the mobilization of the P lacZ vector was carried out 
extensively by several independent groups of inves¬ 
tigators that led to an explosion of information about 
developmental expression of a wide range of Drosophila 
genes and identification of novel genetic loci^^'^"^. In 
this somewhat oblique version of reverse genetics, search 
for a given gene was now entirely based on develop¬ 
mental expression of the lacZ reporter gene, followed 
by its genetic and molecular characterization. 

Two groups of investigators contributed immensely to 
this new era of developmental genetics, one in the 
Walter Gehring laboratory at Basel^^^^ and the other at 
Y. N. Jan laboratory at San Francisco^^. Both these 
screens employed similar strategies that involved 
mobilization of the P lacZ vector in genetic crosses 
under the influence of a stable source of transposase‘^ 
The P lacZ vector used in these two cases differed 
primarily with respect to the markers used for iden¬ 
tification of flies carrying new transpositions (also called 
transposant flies^“). Both these screens were immensely 
successful in identifying a large number of new genetic 
loci involved in a number of developmental pathways 
that include (1) embryonic segmentation*" ’ ' , (2) 
neurogenesis^^’^^'^^’^^, (3) homeosis““’^'^’'^^\ (4) oogenesis"^* 
and (5) spermatogenesis'^^ The list is long and 
ever-increasing. It appears that it would be several years 
before the drosophilists achieve a complete charac¬ 
terization of these new-found genes. 


the transposase was coded constitutively in germline 
and somatic cells without the need for a heat shock. 
This element, called the A2~3 element"^’lacked the 
second and third introns of the transposase gene. In the 
absence of these two introns the transposase activity 
appeared to become ubiquitous and not restricted to the 
germline alone"^. While working with this P element 
vector with modified transposase gene, Laski et al.'^ 
obtained an insertion of the element on chromosomal 
position 99B7-10 of the polytene chromosome map near 
the tip of the right arm of the third chromosome. 
Robertson et ai^^ characterized this element and found 
somewhat fortuitous loss of the ability of this element 
to transpose to new genetic locations. This stable and 
constitutive source of P transposon brought a sea change 
in the subsequent course of investigations, leading to a 
great simplification of the enhancer trap techniques 
(Table 1). 

The enhancer trap technique which is currently being 
practised involves mobilization of an engineered element 
akin to the one devised by O’Kane and Gehring^^ in 
simple genetic crosses with the help of a stable endo¬ 


Meaning and utility of lacZ reporter expression 

In P-element-mediated enhancer detection or enhancer 
trap technique, it is presumed that the expression of 
lacZ reporter gene is influenced by regulatory elements 
called the enhancers. These elements have the remarkable 
property of operating over a distance of up to several 
kilobases regardless of their orientation in DNA. 
Enhancers promote the stage-specific expression of genes 
under their regulation^”. These sequences were first 
discovered in the deletion mutants of the SV40 virus 
preceding the cap site for the SV40 early transcription 
unit and were found to enhance the expression of the 
viral gene'^"*'^^ While it is likely that developmental 
expression of the lacZ reporter gene in fruit fly is also 
activated by such enhancer elements, it is also obvious 
that in a larger number of cases the P lacZ vector 
insertion takes place within the transcription unit of a 
structural gene (for example, in teashirt, tsh gene^'^). In 
this situation one cannot be certain about the relative 
influence of a distant enhancer element versus the 
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Figure 3, P-element-mediated insertional mutagenesis technique of Cooley et alP, where the P element is manipulated by introducing neo^ 
(neomycin resistance) gene into it and the transformant lines are generated. A P transformant line with P element insertion on 9C position of 
the X chromosome with unmarked second chromosome and mwh red & e on the third chromosome was used for mobilization of the P element 
in a genetic cross. The transposase source was provided by a designed jumpstarter element in the other strain. The jumpstarter contains a single 
autonomous P element (JS) at position 90A on a third chromosome and a TA/3, Sb e balancer chromosome (hatched). F, sons 

containing P elements were recovered from the crosses with the aid of markers and mated individually to virgin females containing the TM3, 
ry^^y Sb e and ry^^^ third chromosome. Larvae of this cross were subjected to heat shock at 37°C for 30 min for 3 to 4 days after the cross 
which will initiate the mobilization of the P element. The progeny bearing the P insertion was screened on a neomycin medium (G418 medium). 
(Courtesy Cooley et .) 


regulatory elements within the endogenous gene. In 
brief, therefore, the popular reference to the technique 
as enhancer trap is more in the nature of corollary to 
the prokaryotic terminology. 

The activity of the enzyme |3-galactosidase encoded 
by lacZ can be detected cytochemically by its action 
over the chromogenic substrate X-gal (5-bromo-4-chIoro- 
3-indolyl-p-D-galactopyranoside), which is then oxidized 
to form a blue dye 5,5'-dibromo-4,4-dichloro-indigo. The 
most striking aspect of the enhancer trap technique is 
the ease and the reasonably high fidelity with which 


the lacZ reporter gene reflects the pattern of expression 
of the endogenous genes. The most crucial evidence in 
this regard has been the demonstration that insertions 
at a known genetic location display the expression 
pattern of the lacZ reporter gene akin to that of the 
endogenous genes (Figure 5). The insertions at wingless 
(wg) and engrailed {en) loci illustrate these points. 
Insertion of the lacZ vector at the en or wg loci^^’^^ 
reveals both embryonic and imaginal disc expression 
characteristic of the zones of RNA/protein expression 
of the respective genes (Figure 5). 
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Figure 4. Scheme of mobilization of P lacW transposon to generate 
the enhancer trap lines by genetic crosses. Flies harbouring the modified 
P element having laeZ and mini white reporter genes were crossed to 
the A2-3 element stock, which provides the transposase source to 
mobilize the modified P element, and the transposant lines were 
generated by mating the transposant males to suitable balancer stocks. 
(For details see ref. 33.) 

A major advantage of this technique is its ability to 
detect genes which do not give an obvious morphological 
defect when mutated but are required for normal develop¬ 
ment. The gene elav is an example of this category of 
genes, which plays an important role in neurogenesis"^’"^^. 
The embryonic phenotypes of elav mutants are so subtle 
that these would have been missed by the screens using 
anti-HRP labelling of the nervous system. The enhancer 
trap technique, on the other hand, helps in detecting 
the spatiotemporal expression of such genes by tagging 
the reporter gene to these genes. The reporter gene 
expresses under the regulation of the enhancer elements 
of the gene. Consequently, the reporter gene expression 
corresponds to the spatiotemporal expression of the gene 
(Figure 5). This technique also helps in identifying the 
genes that play an important role at multiple develop¬ 
mental stages. Such genes would be difficult to identify 
in the classical mutational screen as their functional 
requirements during later stages of development would 
be obscured by earlier defects. 

One can also exploit the laeZ reporter gene expression 
of a given genetic locus to study its regulatory hierarchy 
in a suitable genetic background. This is generally 
achieved by placing the laeZ enhancer trap insertion in 
a background of mutant genes which are likely to be 
involved in its developmental regulation. For example, 
repression of cubitus interruptus in the posterior 

compartment by en was discerned by studying its laeZ 
reporter expression in an en mutant background. This 



Figure 5. Reporter laeZ expre.'jsion bears correspondence to spatiotem¬ 
poral expression of the gene: a,b, laeZ expression detected in the 
embryo and imaginal disc of the transposant line with P element 
insertion at the en locus; c, d, laeZ expression in embryo and imaginal 
disc in the wg laeZ insert line. (These stocks were kindly provided 
by Judith Kassis^^’^^ and are available in Drosophila Stock Centre, 
DAW, Indore.) 

provides a greatly simplified approach to study the 
complexity of interaction of the genes regulating 
Drosophila development and ascertaining their hierarchy 
of action. The enhancer trap technique also provides a 
simultaneous means of P mutagenesis and generating 
molecular tag on the desired gene. Insertion of the P 
laeZ vectors may cause inactivation of the endogenous 
gene that results in its lethal mutations, while its laeZ 
reporter gene simultaneously provides the developmental 
expression pattern in the mutant heterozygotes. Thus, 
one can have the twin advantage of learning about the 
expression of a given gene and simultaneously looking 
into its mutant phenotype. From a given P insertion, 
lethal or viable, one can further mobilize the P element 
in genetic crosses^"’This leads to the excision of the 
P element which is generally imprecise. During these 
imprecise excisions, P element can cause deletions around 
the site of insertion, thereby generating a large number 
of mutant alleles of the desired genetic loci. In effect, 
once a P insertion on a desired locus is obtained, one 
can follow its developmental expression and study its 
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mutant phenotype by excising the P element within the 
course of a few months. This means a breathtaking 
speed of investigations, which otherwise would have 
involved years of painstaking work. 

The technique also helps in cloning and charac¬ 
terization of the Drosophila genes. The engineered P 
lacZ vector inserted contains a rescuable plasmid^^’^^ 
which makes the isolation of the molecular clone of 
the genetic loci of insertion easy (Figure 4). Beginning 
with plasmid rescue using suitable restriction enzymes, 
the genomic clone adjoining the P insert can be isolated 
and this can be followed by a chromosome walk to 
isolate the overlapping DNA fragments from the 
Drosophila library^^. These genomic fragments can be 
characterized and used to identify the transcripts in 
northern blots to initiate the subsequent course of 
molecular characterization of the locus. 

Other applications of the enhancer trap 
technique 

The enhancer trap technique in combination with methods 
for mobilizing single P elements^^’has allowed the 
production of numerous tissue-specific patterns of P- 
galactosidase expression that can be used to study cell 
lineage relationships in the growing embryos, imaginal 
discs or other internal organs^^’^^’^^. The great variety 
of lacZ patterns found in different lines can be used 
as cell type or position-dependent markers to study 
Drosophila development and cell lineages^^. A large 
number of cell types of Drosophila peripheral nervous 
system (PNS) have now been identified by this technique. 
This permits independent labelling of virtually every 
cell type in the PNS, e.g, lines staining type 11 neurons 
(multiple dendrite neurons), subsets of chordotonal 
stretch, receptor cells, and subsets of external sensory 
organs^^’^^. Similarly, enhancer trap lines marking the 
various components of the central nervous system (CNS)"^^ 
and other organs like mid-line cells"^^ have been generated. 

Drawbacks of the enhancer trap technique 

Correspondence of spatial and temporal pattern of the 
lacZ reporter gene expression with that of the endogenous 
gene is crucial in the interpretation of the results. In 
this regard perdurance"^*, meaning a longer persistence 
of the gene product while the gene itself has shut off, 
poses several problems. Perdurance of (3-galactosidase 
activity may give an erroneous impression of a longer 
duration of activity of the endogenous gene. Perdurance 
may also obscure the identification of genes with a 
dynamic pattern of expression, such as the string gene, 
which is transiently expressed during the 13th nuclear 
division of embryonic cleavage"^^. 

It is also likely that in an enhancer trap screen one 


may easily miss or overlook the genes that are expressed 
ubiquitously but play important developmental roles in 
specific regions or cell types. For example, the gene 
Notch, N plays an important role in allowing cells in 
the ventrolateral region of the embryo to make a choice 
between assuming epidermal or neuronal fate^^’^^ 
Developmental expression of N, however, takes place 
in the dorsal as well as ventral regions during 
embryogenesis^^. A comparable expression of A-specific 
lacZ reporter gene in an enhancer trap screen would 
obscure its developmental role. 

Finally, it is important to state that an interesting 
expression pattern may not always be indicative of the 
true domains of genetic function of the endogenous 
gene. For instance, although many other photoreceptor 
cells in addition to R7 photoreceptor express sevenless 
even after their determination^^’mosaic studies have 
shown that sevenless function is required only in the 
R7 photoreceptor cells^^’^'^’^l Interpretation of the lacZ 
reporter expression, therefore, demands recognition of 
these aspects and in addition may demand support from 
subsequent in situ RNA or protein localization. 

Perspectives 

The advantages and utilities of the technique outweigh 
some of its disadvantages. The popularity of the technique 
is further enhanced by the various modifications which 
provide increased versatility. One of the promising 
aspects is to engineer a P lacZ vector to alter its 
specificity of insertion. In a study to analyse the 
regulatory region of en, P lacZ vectors carrying different 
fragments of the en promoter were used to transform 
flies. Interestingly, 7 out of 20 insertions were obtained 
at or near the en locus, which indicated that the regions 
upstream of the en structural gene confer the P en-lacZ 
vector a site preference to the endogenous en locus in 
a pairing-dependent fashion^^. Taking cue from these 
observations Kassis et al?^ and Perrimon et al}^ trans¬ 
formed flies with P lacZ vectors carrying different 
fragments of the en promoter region. These transformed 
flies were subsequently mated to flies with a stable 
source of transposase to mobilize the element in a 
typical enhancer detection scheme^ (Table 1, 

Figure 4). The modified lacZ vector showed preferential 
insertion of the element to genes which express in 
stripes during embryogenesis^^’and to those genes 
which appear to be expressed during neurogenesis, seg¬ 
mentation and pattern formation^^. These results show 
that P insertion, which is generally believed to be 
random, can be endowed with site preference with 
suitable modifications (Table 1). 

Another modification of the original P element 
enhancer trap technique which holds immense potential 
is the hobo enhancer trap technique^’, which employs 
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hobo lacZ vector instead of P lacZ vector, hobo elements 
resemble P elements in having inverted terminal repeats 
and transpose via DNA intermediates^l However, despite 
similarities, they have certain differences which lead to 
their varying specificities for insertion. Identification of 
a large number of hobo lacZ enhancer trap lines on 
the second chromosome revealed an altered insertional 
specificity of the element^^ This hobo lacZ vector thus 
holds promise for identification of the loci which escaped 
detection using P lacZ vectors. 

The GaI4 enhancer trap technique, also called the 
second-generation enhancer trap, is a modified version 
of the original enhancer trap technique. This technique 
is employed for the study of site-directed expression of 
the Drosophila genes (Table 1). The technique makes 
use of the yeast transcription factor Gal4, which has 
no target sites in Drosophila genome but can be made 
to express itself when provided with a Gal4 responsive 
promoter, UASq (ref. 59,60). In this technique a P 
element harbouring the Gal4 gene is constructed and 
flies are transformed by microinjection technique‘1 
The P element bearing the Gal4 gene is mobilized 
in genetic crosses using the jumpstarter strain, A2-3 
element which provides a stable transposase source”^ 
(Table 1, Figure 6). New insertions in Drosophila 
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Figure 6. Schematic diagram of the Gal4 enhancer trap technique to 
present the site-directed expression of the gene. Stocks bearing the 
UASq promoter fused to the lacZ gene and strains with Gal4 insertion 
in the Drosophila chromosome were generated by the enhancer trap 
technique^Tire Gal4 expresses only after binding to the UAS^ 
promoter present in the other stock. Gal4 shows spatiotempoial 
pression under regulation of the enhancer element of the gene of 
Drosophila near which it inserts. The progeny from the cross of the 
flies of the two stocks presents the lacZ expression mediated by Gal4 
expression, which is under genomic enhancers of the Drosophila gene 
where the P element bearing the GAM gene got inserted. (Adapted 
from Kaiser^ 


genome are random and bring Gal4 expression under 
the control of a diverse array of genomic enhancers. 
An important feature of this technique is that a con¬ 
ditionality is involved in which the expression of a gene 
depends on the presence of both Gal4 and its responsive 
promoter. UASq, which are maintained in separate 
stocks. The gene expression is, therefore, detected 
only in the progeny where both Gal4 and its promoter 
UASq are present. In the UASg stock the promoter 
is fused to [3 galactosidase gene, whose transcription, 
therefore, is driven by Gal4-binding sites^^’^^. Brand 
et al.^^ generated strains in which lacZ expresses 
under Gal4 gene, which in turn is under the regulation 
of the enhancers of the Drosophila genes. 

This technique can be employed to study the ectopic 
expression of genes by generating stocks by fusion of 
the gene of interest with the UASq promoter. The flies 
of this stock are crossed to the flies of stocks where 
GaI4 is under the regulatory elements of the gene of 
interest with known tissue-specific expression. For ex¬ 
ample, ectopic expression of the homeotic gene 
Abdominal in the domain of twist gene was achieved 
using this technique^^ Ectopic gene expression can be 
studied to ask important questions of function of the 
genes in development. One can foresee a wide range 
of applications of this technique to achieve misexpression, 
to make fruit fly developmental biology far more intere¬ 
sting and exciting in the immediate future. 
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First-order hyperpolarizabilities and 
pi^a of weak organic acids in protic 
solvents are linearly related 

Paresh Chandra Ray and Puspendu Kumar Das 

Department of Inorganic and Physical Chemistry, Indian Institute of 
Science, Bangalore 560 012, India 

Second-order nonlinearities (P) of five weak organic 
acids in protic solvents have been measured by the 
double-quantum Rayleigh scattering (DRS) technique. 
P is found to bear a linear relationship to the 
of these compounds in those solvents. A direct im¬ 
plication of this observation is that the DRS technique 
can be used to determine the pK^ of weak organic 
acids in any solvent. 

It has been generally recognized^’^ that donor-acceptor- 
substituted organic compounds such as benzenes, stil- 
benes, azo dyes and polyenes possess large molecular 
second-order nonlinear optical (NLO) susceptibilities (p) 
However, ionic compounds and high dielectric constant 
solvents were avoided, thus far, for measurements since 
the electric-field-induced second-harmonic generation 
(EFISHG) technique^ commonly used for determination 
of P, involves a high-voltage DC field to align the 
molecules in the direction of the field in solution. An 
alternate technique, the double-quantum Rayleigh scat¬ 
tering (DRS), rediscovered recently"^"^ allows determina¬ 
tion of p without the above constraints. Also, the DRS 
technique yields an average value of P whereas the 
EFISH technique gives the component of P projected 
along the direction of alignment (normally, the dipole 
direction) of the molecules in solution. In this com¬ 
munication, we report the P values of a few amino 
benzoic acids and sulphonic acids in some polar protic 
solvents and demonstrate that P bears a linear relationship 
with the pK^ of these weak acids in those solvents. 

Compounds a-e were purchased from Aldrich and 
their P values measured by the DRS technique^ at 
1.064 pm in methanol and other protic solvents. The 
fundamental IR light from a Q-switched Nd: YAG laser 
was focused on a 4x4x2 cm^ cell containing the 
solution of compounds. The second-harmonic light was 
collected using a large-diameter and short-focal-length 
aspherical condenser lens and other imaging optics at 
the photocathode of a uv-visible photomultiplier tube 
(PMT) after separating the fundamental by a 532 nm 
interference filter of 4 nm bandwidth. The output signal 
from the uv-visible PMT was integrated and averaged 
over 10,000 laser shots in a Boxcar signal averager 
(SRS 250). The experiments were carried out at laser 
powers below the threshold for stimulated Raman and 
Brillouin scattering and for self-focusing and self- 
defocusing. 


The intensities of the second-harmonic scattered light, 
4 ^, and the incident beam, 4 , are related by^’^ 

= = ( 1 ) 
k 

where G depends upon the scattering geometry and 
contains the average of the products of the direction 
cosines and the local field corrections and also the 
instrumentation factor. is the number density of the 
kth specie with second-order polarizability pj;.. For a 
two-component system, 

^ ~ -^solvent ^solvent ^solute Psolutc * 

Since low concentrations (lO'^^-lO"^ M) of solute were 
used, we assume that its presence does not change the 
number density of the solvent molecules. Absolvent’ 
nificantly. Measurements at different number densities 
of the solute show a linear dependence of GB^ on 
From the intercept and slope we calculated and 

G since is known. Chloroform was calibrated 

with respect to carbon tetrachloride by the method 
described in detail by Zyss et a/.^°, and in a similar 
fashion we obtained p for water, methanol, ethanol and 
isopropanol as 0.05, 0.52, 0.61 and 0.65, respectively, 
in units of lO'^^esu. 

The P values of a-e obtained from DRS experiments 
in methanol, ethanol, isopropanol and water are listed 
in Table 1. All these compounds have an electron donor 


Table 1. Quadratic hyperpolarizabilities (p^Rs ^ of com¬ 

pounds a-e in different solvents and their calculated p 
(Pcaic. ^ ®su) values 


Compound 

Pcaic. 



Pdrs 


Methanol 

Ethanol 

Isopropanol 

Water 

a 

2.0 

6.8 

7.2 

7.8 

9.0 

b 

4.2 

10.2 

11.0 

11.6 

13.0 

c 

5.5 

15.8 

16.6 

17.2 

18.5 

d 

5.2 

14.8 

16.1 

17.2 

20.0 

e 

6.1 

20.8 

22.9 

23.4 

26.2 
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p»^a 


Figure 1. pATa vs Pdrs (xlO'^^esu) plot for compounds a-e. The 
straight line is a linear least-squares fit through the experimental points. 
The intercepts (at pATa = 3.0) and slopes are: a, 10.6, -0.53; b, 14.0, 
-0.55; c, 22.7, -0.72; d, 20.4,-0.65; and e, 28.4,-0.68, respectively. 

and an electron acceptor group. As a result, the con¬ 
tribution from the canonical quinonoid structure in the 
ground state is high. Since delocalization of electrons 
is most favoured when the donor-acceptor are para to 
each other, the para-compounds show large nonlinearities 
and the order is para > meta > ortho for a fixed pair 
of donor-acceptor substituents^^’For the common 
amino donor we expect the sulfonic-acid-substituted 
derivative to exhibit higher (3 values than analogous 
carboxylic acid derivatives since the former is a better 
electron acceptor than the latter. This is actually observed 
experimentally (see Table 1). We have also computed 
finite-field (3 for these compounds using the PM3 
parametrization within the MOPAC^^’^"^ package with 
full geometry optimization. The calculated |3 values are 
purely gas phase numbers and do not include the solvent 
effects. But the experimental trend in [3 is nicely 
reproduced in the calculation although the calculated 
results are always lower. This may be explained by 
recalling the well-established notion that in solution 
specific interactions with solvent molecules^^"^^ may alter 
the NLO characteristics (i.e. |3) and we can write various 
components of (3 as 

P = Pg + Phb + Pint ' U) 

where |3g is the quadratic polarizability of the molecules 
in the gas phase (i.e. isolated) and and correspond 


to hydrogen bonding (intermolecular and intramolecular) 
and intermolecular interaction (dipole-dipole, ion-dipole, 
ion-ion, etc.) contributions to p, respectively. For dif¬ 
ferent solvents these components of p will be different 
and the stability of the solvated conjugate base (anion) 
will determine the dissociation constant in solution. For 
acids with low pK^ values in solution the amino group 
will be protonated and the concentration of the zwit- 
terionic specie will influence the equilibrium constant. 
Insofar as the trend in P is concerned, it is not at all 
surprising that we find that water > isopropanol > 
ethanol > methanol, although their polarity varies as 
water > methanol > ethanol > isopropanol. We also 
find that pK^ (ref. 19-21) of a-e (which are weak acids) 
in these solvents correlates linearly with their p in 
solution (Figure 1). This indirectly points out that the 
driving forces which lead to a higher degree of dis¬ 
sociation and improvement on the quadratic polarizability 
(since the slope of all the plots in Figure 1 is negative) 
in solution are the same. Thus, we propose that the 
DRS technique may be used as a probe for measuring 
pK^ of weak organic acids. 

In conclusion, we have demonstrated that pK^ and 
p of weak organic acids in solution are linearly connected. 
Since we have chosen the solvents and NLO 
chromophores randomly, we believe that this inference 
is general. Currently, we are developing a more general¬ 
ized model for describing this dependence quantitatively. 
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Intranasally delivered microdoses of 
bromocriptine (BCR) effectively 
reduces serum prolactin levels in 
hyperprolactinaemic patients 

R. Suresh, K. M. Prasanna Kumar* and 
N. R. Moudgal^ 

Center for Reproductive Biology and Molecular Endocrinology, Indian 
Institute of Science, Bangalore 560 012, India 
♦Department of Endocrinology, M. S. Ramaiah Medical Teaching 
Hospital, Bangalore 560 054, India 

It is well known that hyperprolactinaemia in the 
human leads to infertility. The therapy of choice in 
India has been the administration of bromocriptine 
(BCR) as tablets. This mode of administration is 
generally accompanied by undesirable side-effects 
such as giddiness, nausea, vomiting and postural 
hypotension. We demonstrate here the efficacy of 
microdoses of BCR administered intranasally (IN) to 
hyperprolactinaemic patients (n = 6) in reducing sig¬ 
nificantly the elevated serum prolactin levels and main¬ 
tain them vilthin the normal range. The IN mode of 
BCR administration, in addition to reducing the effective 
dose of the drug by 4-20-fold, results in little or no 
side-effects otherwise associated with oral therapy, 

Hyperprolactinaemia could be a result of pituitary stalk 
compression (hypothalamo-pituitary disconnection), the 
presence of a pituitary tumour, or unexplained idiopathic 
causes. One of the principal effects of high concentrations 
of prolactin secretion is the inhibition of gonadotropin 
pulsatality, probably due to an effect at the hypothalamic 
GnRH pulse generator*. Hyperprolactinaemia-associated 
reproductive dysfunctions in the human female are known 
to result in menstrual irregularities like oligomenorrhea 
or amenorrhea, spontaneous or expressive galactorrhea 
and inhibition of ovarian steroidogenesis. The effect of 


^For correspondence. 


hyperprolactinaemia in man, on the other hand, is yet 
to be clearly understood; but it is known to cause 
decrease in libido, leading to infertility. 

Bromocriptine (BCR), a potent dopamine agonist that 
inhibits prolactin secretion from the pituitary, is the 
drug of choice in effective reduction of prolactin (PRL) 
concentration in the management of hyperprolactinaemic 
patients. However, being an ergot alkaloid, oral BCR 
(O-BCR) therapy results in side-effects such as nausea, 
vomiting and postural hypotension^ in a large percentage 
of patients; the less common side-effects are headache, 
fatigue, abdominal cramps and constipation. Attempts 
at developing new agonists that are long-acting as well 
as have less adverse effects have been on the anvil in 
the recent past*. Hitherto, in India, BCR is available 
only in tablet form and the administered dose ranges 
from 5-20 mg or more per day. 

Earlier studies from our laboratory and others have 
clearly demonstrated that intranasal (IN) administration 
of microdoses of steroids/drugs are effective in acting 
at the hypothalamo-pituitary axis and as such serve as 
a potential alternate method to achieve blockage of 
hormone release^"^. In the present pilot study we have 
sought to determine (a) whether IN-BCR treatment (in 
microdoses compared to the relatively larger doses of 
O-BCR) can effectively reduce the PRL concentration 
and maintain it within normal range (< 25 pg/l) in hy¬ 
perprolactinaemic patients and (b) if the marked reduction 
in therapeutic dose results in a significant decrease in 
side-effects and better patient compliance. 

Five female and one male hyperprolactinaemic patients 
volunteered to enter the study, which was cleared by 
the Ethics Committee of M. S. Ramaiah Medical Teach¬ 
ing Hospital, Bangalore. A written, informed consent 
was obtained from all of the volunteer-patients. The 
details of their age, diagnosis and clinical manifestations 
are provided in Table 1. Since all the patients were on 
O-BCR, they underwent a washout period of two weeks, 
during which time they were asked to stop taking the 
BCR tablets and were taught the precise use of the 
nasal spray device. The nebulizer used was obtained 
from Pfeiffer GmbH and Co. KG, Radolfzell, Germany, 
and delivers ~ 100 |il solvent/spray with an efficiency 
of > 90% as determined using a labelled [^H] steroid. 
The solvent (vehicle) used to dissolve crystalline BCR 
(kindly provided by Serum Institute of India, Pune) 
comprised of ethanol/propylene glycol/distilled water in 
a ratio of 3:3:4. This solvent has earlier been suc¬ 
cessfully used to deliver steroid hormones in human 
volunteers^ 

Following the washout period, the volunteers were 
subjected to a two-week pretreatment schedule when 
the vehicle alone was delivered by IN route. Resting 
levels of serum PRL were determined from three blood 
samples collected on day 14, 7 and 1 of this phase of 
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Table 1. Comparative efficacy data of 0-BCR (retrospective) and IN-BCR (current) in treatment of hyperprolactinaemia 






Serum 

PRL^ 

Clinical 

manifestations 


0-BCR 


IN- 

BCR 

Reduction 
in dose of 
IN-BCR 

over 

0-BCR 

volunteer 

ID 






Iiregular Galacto- 
cycles rrhea 

Dose Side 

(mg/d) effects* 

Dose 

(mg/d) 

Side- 

effects* 

Sex* 

Age 

Diagnosis 

-T 

V 

A 

F 

48 

Prolactinoma 

(macroadenoma) 

160 

78 

. Menopausal 

2.5 

Yes (+++) 

0.125 

(2) 

Nil 

20-fold 

B 

F 

25 

Hyperprolacti¬ 

naemia 

156 

103 

Yes Yes 

10.0 

Yes (+++) 

2.0 

(8) 

Nil’ 

5-foId 

C 

F 

30 

Hyperprolacti- 

naemia-i-IDDM 

137 

84 

Yes Yes 

7.5 

Yes (++) 

2.0 

(8) 

Nil 

3.75-foId 

D 

F 

28 

Hyperprolacti¬ 

naemia 

108 

81 

Yes No 

5.0 

No (-) 

0.5 

(2) 

Nil 

10-fold 

E 

F 

26 

Hyperprolacti¬ 

naemia 

67 

60 

Yes Yes 

5.0 

Yes (+++) 

0.5 

(2) 

Nil 

10-foId 

F 

M 

30 

Acromegaly 

96 

82 

— — 

5.0 

Yes (++) 

1.0 

(4) 

Nil 

5-fold 


*F, female; M, male. 

^Serum PRL levels before initiation of 0-BCR therapy (-T) and during IN-vehicle (V) spray period. 

Note that within 3-4 weeks of IN-BCR treatment, the PRL levels reached the normal range. 

*The degree of side effects (nausea, vomiting) is expressed as moderate (++) to severe (++-1-). 

^Excepting in volunteer A, where the dose/lOO p,l, solvent spray was 125 ^ig, in the rest of the volunteers it was 250 p,g/100 ^ll spray. 
The number of sprays received by each volunteer is provided in the parenthesis. 


Study. During the first four weeks of treatment phase, 
all the patients received IN-BCR in increasing, uniform 
split doses (ranging from 125 |ig to 2000|lg/day) twice 
daily after standardized meals. Those patients who did 
not respond to the lower doses were treated with the 
next increment in the dose of IN-BCR and this dose 
was either continued till the end of the study or further 
increased based on weekly review of serum prolactin 
levels. This permitted us to determine the effective dose 
of IN-BCR required to bring down the PRL levels to 
within the normal range in each case, which, as discussed 
later, could differ from one volunteer to the other. From 
the fifth week onwards, each of the volunteers continued 
to receive the respective effective dose of IN-BCR till 
the end of the treatment phase (24 weeks). Serum 
prolactin was determined using the human prolactin 
radioimmunoassay kit kindly provided by the NIAMDD, 
Bethesda, MD, USA, according to the procedure 
described earlier^The range of serum PRL in normal 
male and female determined either by this method or 
using a commercially available kit (Coat-A-Count, Diag¬ 
nostic Products Corporation, CA, USA) were essentially 
similar (5-25 P-g/l). 

All the volunteers were subjected to routine ENT 
examinations before, during and after the IN-BCR treat¬ 
ment period for any local, drug-related allergic or other 
reactions. In addition to monitoring the female volunteers 
for changes in galactorrhea by periodic examination, 
they were critically interviewed by the collaborating 
clinician with regard to the status of side-effects with 
0-BCR vs. IN-BCR and their preference for intranasal 
vs. oral mode of BCR treatment. The details of menstrual 


cyclicity were also recorded during these consultations. 

For the purpose of comparison both within a volunteer 
and among the volunteers, the changes observed in 
serum PRL levels during different phases of this study 
are represented as individual graphs in Figure 1 (a-f). 

At the time of first diagnosis, all the patients had 
serum PRL level in the range of 50-160 |LLg/l. Upon 
0-BCR treatment, the PRL levels were reduced to within 
the normal range (< 25 |ig/l). Following the washout 
period and the two-week vehicle treatment phase the 
serum PRL levels rose to above-normal range (40-100 fXg/1) 
in all the volunteers (Figure 1). Administration of 
IN-BCR in increasing doses during the first four-week 
period of treatment phase brought about a^ significant 
reduction in the elevated PRL levels from an initial 
40-100 |lg/l to 15-30 |ig/l (p<0.05) within this period 
of treatment. The dose of IN-BCR required to bring 
about this decrease in PRL levels, however, varied for 
individual volunteers and this ranged from 125 jig/day 
(volunteer A) to 2000 |Xg/day (volunter B). The effective 
IN-BCR dose did not seem to depend on the resting 
PRL level but appeared to be a function of the respon- 
sivity of the individual. Thus, once this effective concen¬ 
tration of IN-BCR was arrived at for each of the 
volunteers, they continued to receive this effective dose 
till the end of the treatment period (24 weeks) to 
determine further the efficacy of IN-BCR to maintain 
PRL levels well within the normal range. In addition, 
replacement of IN-BCR spray with IN-vehicle spray 
(between weeks 20 and 22) in volunteer A resulted in 
a significant increase in the serum PRL levels (from 
14 pg/1 to 70 |ig/l; p < 0.05) within two weeks. However, 
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Figure 1. Longitudinal serum PRL profile in hyperprolactinaemic 
volunteers treated with IN-BCR. A-F, volunteer ID. Serum prolactin 
levels: -T, before start of 0-BCR regimen; + T, during 0-BCR therapy; 
V, during IN-vehicle therapy. Vindicates initiation of IN-BCR therapy; 
W and RA refer to time of withdrawal and readministration of IN-BCR, 
respectively, in volunteer A (*) only. Shaded area represents normal 
PRL levels (5-20 pg/1). Dose of IN-BCR: A-125|Xg/d; B,C- 
2000 pg/d; D,E - 500 pg/d; F-1000 pg/d. 

readministration of IN-BCR in the same dose as before 
(125 (ig/day) was able to suppress effectively the elevated 
PRL level to within the normal range during the next 
two-week period, thus reiterating the efficacy of this 
mode of drug administration (Figure 1 a). 

Periodic clinical examination of the volunteers and 
their interview by the collaborating clinician/ENT 
specialist revealed that IN-BCR therapy, in addition to 
being well accepted, was preferred over the oral therapy. 
Although the volunteers complained of minor irritation 
at the time of administration of the spray (due perhaps 
to the alcoholic content of the solvent), thorough ENT 
examination before and during the treatment phase did 
not reveal any local, allergic reactions’in any of the 
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volunteers. Four out of the five female patients who 
were in the reproductive age group of 25-30 years 
started regular menses by weeks 6-8 of treatment phase 
and continued to have normal menstrual cycles till the 
end of the 24-week study period. These female volun¬ 
teers, who had mild to moderate galactorrhea during 
the pretreatment phase, were observed to have decreased 
intensity in this state upon IN-BCR treatment, similar 
to that observed with 0-BCR therapy. In the one 
menopausal female volunteer, who had hyperprolac¬ 
tin aemi a due to pituitary macroadenoma (verified by 
CT scan), although IN-BCR spray brought down the 
serum PRL levels to within the normal range, it apparently 
had no effect on the tumour size. Serial CT scans, 
visual field tests and fundoscopy performed once every 
three months in this patient both during 0-BCR 
(retrospective) and during IN-BCR (current) treatment 
to determine any change in the tumour size revealed 
no significant reduction in the tumour size by either mode 
of therapy. This volunteer (A) subsequently underwent 
surgical treatment for removal of the adenoma. The male 
volunteer (F) also showed a significant decrease in serum 
PRL levels following IN-BCR spray (Figure 1 j). None of 
the volunteers complained of any side-effects with IN-BCR 
therapy and this was unlike what most of them had earlier 
experienced with 0-BCR treatment (Table 1). 

For the past few decades BCR has been the most 
widely used dopamine agonist in the treatment of 
hyperprolactinaemia^’ The incidence of side-effects 
following 0-BCR treatment, however, has been an 
unresolved issue, particularly when long-term manage¬ 
ment of these patients is contemplated. Attempts at 
developing alternate, long-term effective modes of BCR 
treatment have, to some extent, been successful^^’ 
Thus, administration of 2.5 mg BCR by the vaginal 
route (V-BCR) has been shown to increase significantly 
the circulating levels of BCR (compared to 0-BCR 
treatment) and has been observed to be equally effective 
in reducing PRL levels, suggesting thereby that V-BCR 
may result in a reduction in the overall dose required, 
thus improving compliance without compromising on 
therapeutic efficiencyLikewise, treatment with long- 
acting 0-BCR (Parlodel SRO) is shown to be an alter¬ 
native for the treatment of hyperprolactinaemia, having 
better tolerance and being equally effective over its 
predecessor, Parlodel^^ A pilot study carried out by us 
with a newer solvent formulation has indicated that it 
should be possible to replace the alcohol-based vehicle 
with an aqueous-based vehicle without loss in efficacy 
of the drug (unpublished observations). 

In the present study, we have clearly demonstrated 
that in hyperprolactinaemic patients IN-BCR treatment 
can be (a) as effective as 0-BCR (at doses l/4th to 
l/20th of 0-BCR) in reducing as well as maintaining 
PRL levels within- the normal range over prolonged 
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periods of treatment, (b) well tolerated with little or no 
side-effects, thus increasing the compliance (acceptance 
and tolerance) of the patients and (c) highly effective, 
in bringing about a significant reduction in clinical 
manifestations like galactorrhea and facilitating reinitia¬ 
tion of normal menses. The IN-BCR therapy as such 
appears to be a potential alternative to 0-BCR in the 
management of hyperprolactinaemia. 

A larger multicentric trial is envisaged to determine 
clearly the benefits of IN-BCR treatment in the manage¬ 
ment of hyperprolactinaemia. Such a study may also 
show if IN-BCR is beneficial in reducing the size of 
prolactinomas following prolonged period of treatment. 
Yet another use to which such kind of therapy can be 
adopted is in the management of long-term Parkinsonism, 
where patients are dependent on BCR in addition to 
l-DOPA throughout their life^ 
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Plasticity of Z-DNA as observed in 
the crystal structures of non-self- 
complementary hexanucleotides 

C. Sadasivan and N. Gautham 

Department of Crystallography and Biophysics, University of Madras, 
Guindy Campus, Madras 600 025, India 

The crystal structures of two non-self-complementary 
hexadeoxyribonucleotides, d(CACGCG) • d(CGCGTG) 
and d(CGCACG) d(CGTGCG), containing a 
single A : T base pair each have been solved. Both 
the sequences are left-handed Z-DNA. The confor¬ 
mation of d{CACGCG) ‘ d(CGCGTG) is very similar 
to Z-DNA conformations reported earlier, while that 
of d(CGCACG) d(CGTGCG) is substantially dif¬ 
ferent. A shift in the position of the A : T base pair 
is probably responsible for inducing a change in the 
structure of the tightly wound Z-DNA helix. This is 
the first time that such large distortions have been 
observed in closely packed crystals of Z-DNA 
sequences. 

Since the discovery, by solution spectroscopic studies^ 
and single crystal X-ray diffraction^, of left-handed 
Z-DNA in d(CG)^ sequences, evidence has accumulated 
to support a possible significant biological role for this 
form of the genetic molecule. Among these is the 
discovery of regions of the eukaryotic chromosome 
which cross-react with antibodies raised against Z-DNA 
sequences^ and the presence of Z helicogenic (CG)„ 
sequences in the DNA of histidine D gene of Salmonella . 
Repetitive (TG/CA)n sequences capable of adopting 
Z-DNA conformation have also been found to occur in 
human and rodent genomes^. Studies of the Z-DNA 
propensities of polynucleotides and short linear DNA 
fragments of different base sequences have indicated 
that large amounts (up to 50%) of A: T base pairs in 
alternating (CG)„ sequences do not prevent Z-DNA 
formation^. A strict alternation of the sequence (i.e. 
pyrimidine-purine) has also been foundneither to be 
necessary^ nor sufficient^* ^ to induce Z-DNA. 

High-resolution Z-DNA structures have been observed 
in crystallographic studies of a variety of sequen- 
ces^^^*^, many of them containing the features indicated 
above. Thus, d(CGATCG) crystallized as Z-DNA 
without an alternating purine-pyrimidine sequence^. 
A : T base pairs in Z-DNA have also been seen in the 
crystals of d(m^CGTAm^CG) d(CGCATGCG)'", 
d(CGTACGTACG)^^ and d(CACGTG)^l Experimental 
studies*^’*^ and theoretical calculations have indicated 
a lower stability for Z-DNA when A: T base pairs 
are present. The high-resolution crystal structures of 
Z-DNA fragments have provided some clues to ration¬ 
alize this Z-DNA phobicity of A : T base pairs. 

All the crystal structure studies on Z-DNA (in fact, 
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Figure 1. Three ways of inserting a single A: T base pair into the 
duplex d(CGCGCG) ■ d(CGCGCG). 

most oligonucleotide crystal structure studies) have been 
made on self-complementary sequences. Natural DNA 
only rarely contains perfectly symmetrical sequences 
and an understanding of the structure of natural DNA 
is probably best achieved through studies on non-self- 
complementary sequences. 

As an approach to this aspect of DNA structural 
studies and in order to make a systematic study of the 
nature and manner of instability that A: T base pairs 
would produce on the structure of Z-DNA, we undertook 
crystallographic studies on the effect of a single A: T 
base pair in the sequence. Such non-self-complementary 
sequences are more difficult to crystallize since this 
requires a' careful annealing of two sequences com¬ 
plementary to each other before attempting to obtain 
crystals. The sequences we chose were based on the 
canonical Z-DNA hexamer^ d(CG) 3 . There are three 
ways (Figure 1) in which one could insert a single 
A: T base pair into the sequence in place of G : C. We 
were successful in obtaining crystals of the sequences 
d(CACGCG) • d(CGCGTG) (henceforth referred to as 
HA2 for hexamer with adenine at the 2nd position from 
5'-end) and d(CGCACG) • d(CGTGCG) (henceforth 
referred to as HA4). This is the first time that crystals 
of non-self-complementary Z-DNA duplexes are being 
reported. In this paper we make a comparison of the 
crystal structures of these two sequences and analyse 
the significant distortions that a change in the position 
of the A: T base pair makes to the structure. 

HA2 was obtained from M/s Microsynth, Switzerland, 
and HA4 was synthesized on an Applied Biosystems 
38IB automatic DNA synthesizer. Crystals of the 
duplexes were grown from sodium cacodylate buffer at 
physiological pH in the presence of MgCU and BaCl, 


for HA2 and HA4, respectively. Table 1 gives the 
crystallographic parameters of the two duplexes. The 
packing of hexanucleotide helices of HA4 is almost the 
same as that of HA2 and of d(CG) 3 . Nevertheless, 
crystals of HA4 belong to the monoclinic space group 
P2j rather than to the orthorhombic space group P2^2^2^ 
seen in the crystals of other Z-DNA hexamers, including 
the present HA2 (ref. 17). 

Refinement of the structures was carried out using 
the constrained Hendrickson-Konnert procedure, 
NUCLSQ^^ interspersed with sessions of fitting the 
model to the 2Fo-Fc and difference Fourier electron 
density maps viewed on a computer graphics system 
displayed using the program FRODO^^. Since the data 
were available only to a resolution of 2.5 A for HA4, 
the constrained molecular dynamics refinement proce¬ 
dure, X-PLOR^^’^\ was also used for this duplex. The 
electron density map improved significantly after the 
molecular dynamics refinement. 

There are no unexplained features in the final electron 
density maps of both the structures. 

Overall, the structures of both HA2 and HA4 duplexes 
are within the Z-DNA family. They possess a dinucleotide 
repeat with an average left-handed twist of -59.5“ and 
-57.2“ per dinucleotide for HA2 and HA4, respectively. 
The average rise per base pair is 3.74 A for HA2, and 
a somewhat lower value of 3.58 A for HA4. The phos¬ 
phate groups follow a zig-zag left-handed spiral. The 
helix axis passes through the deep minor groove, the 
major groove being almost completely flat. The alter¬ 
nating pyrimidine-purine bases along the sequence also 
alternate between the anti and syn conformation about 
the glycosidic bond. All the above are features of 
canonical Z-DNA structures^. 

Figure 2 shows the HA2 duplex superposed on d(CG) 3 . 
Clearly, in the HA2 structure the presence of the 
A : T base pair has little effect on the Z-type confor¬ 
mation. The RMS deviation in the positions of the 
atoms after a least-squares fir^ between the common 
atoms of the HA2 structure and d(CG )3 is 0.49 A. It is 
0.68 A compared to idealized ZI-DNA^^ The bases 
especially show no significant perturbation of the stacking 
pattern. The RMS deviation of the bases alone is 
0.24 A with respect to d(CG) 3 . 

The atoms of the sugar-phosphate backbone are slightly 
more disturbed. The disturbance is particularly noticeable 
on the strand containing the adenine base. The torsion 
angle a about the P-05' bond belonging to C3 residue 
adjacent to the A2 residue is 179° in the present structure 
compared to 216“ in d(CG )3 and 223“ in ZI-DNA. As 
a consequence, this portion of the backbone moves away 
from the ideal ZI conformation. Small changes are also 
noticeable in the backbone torsion angles at G4 and 
C5 residues in the same strand and also at G8 and C9 
residues in the strand containing the thymine base. 
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Table 1. Crystal data, data collection statistics and refinement details for 
d(CGCACG) • d(CGTGCG) and d(CACGCG) ■ d(CGCGTG) 



d(CGCACG) • d(CGTGCG) 

d(CACGCG) ’ d(CGCGTG) 

Crystal data 

Chemical formula 

Cl 15 Hi35 068 N 47 PlO 

Cl 15 Hi35 068 N 47 PlO 

Molecular weight 

3561 

3561 

Crystal size (mm) 

0.5 X 0.2 X 0.2 

0.3 X 0.2 X 0,2 

Crystal system 

Monoclinic 

Orthorhombic 

Space group 

.P2i 

P2i2i2i 

a (A) 

17.75(1) 

17.76(1) 

b(k) 

17.76(1) 

30.96(1) 

c(A) 

42.77(3) 

44.75(1) 

oiC) 

90.0 

90.0 

PC) 

90.0 

90.0 

yn 

120.05(3) 

90.0 

V(A^) 

11676 

24606 

z 

2 

4 

Data collection 

Diffractometer 

CAD4 

CAD4 

Radiation type 

CuKa 

CuKa 

Temperature (K) 

296 

296 

No. of observed 

530 

2625 

reflections 

Observation criterion 

>2o(Fo) 

>2 G(Fo) 

6max ( ) 

18 

30 

No. of standard 

3 

3 

reflections 

Refinement 

Final R factor 

0.161 

0.199 

Resolution range 

10-2.5 

8-1.6 

No. of observed 
reflections used in 

the refinement 

530 

2625 

Refinement method 

Restrained least-squares 
and X-PLOR slow 
cooling protocol 

Restrained least-squares 


Tables 2 and 3 give the values of the local structural 
parameters in HA2, HA4 and d (CG)y It may be seen 
from the table that most of the base-centred parameters 
in HA2 are also close to the values observed in d(CG) 3 . 

The conformations of the sugars, too, do not deviate 
significantly from d(CG) 3 . The average difference in the 
pseudorotation phase angle P is 14.3** between HA2 and 
d(CG) 3 , while the average difference in the amplitude 
of pucker is 6**. 

As in crystals of all Z-DNA hexamers solved^’ 
(indeed, in crystals of Z-DNA sequences, no matter 
what the length^®’the helices in the present structure 
stack on top of each other to form infinite fibre-like 
columns along the crystallographic c axis. Though, for 
hexamers crystallizing in the space group P2j2,2p the 
relative positions of the terminal base pairs of the helices 
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in adjacent columns is a possible variable which would 
not significantly disturb the overall packing^^, a com¬ 
parison of the present HA2 and d(CG )3 crystal structures 
shows identical packing and similar intermolecular 
interactions. There are a few inter-helical short contacts 
in HA2, between the atoms of the sugar-phosphate 
backbones of adjacent molecules. The shortest is 
2.48 A between OIP of A2 residue of the reference 
hexamer and 03' of G12 residue of the hexamer, related 
by a unit cell translation along the a axis. This distance 
is 2.63A in d(CG) 3 . 

The differences between the present structure and the 
standard Z-DNA structures are therefore minor and the 
effect of the single A: T base pair in this non-self- 
complementary hexamer is small and may be insig¬ 
nificant. Where there are some small differences, these 
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Figure 2. Undistorted Z-DNA : d(CACGCG) • d(CGCGTG) (thick lines) superimposed on d(CGCGCG) • d(CGCGCG) (thin lines). (In stereo.) 


are not confined to the vicinity of the A : T base pair. 
This is in accordance with the results obtained for other 
Z-DNA hexamer sequences with A: T base pairs, 
d(m^CGTAm^CG)‘^ d(CGATCG)’ and d(CACGTG)“', 
which have been crystallized under a variety of conditions. 

The molecule HA4 superposed on d(CG )3 is shown 
in Figure 3. The RMS deviation of the atomic positions 
is 1.41 A. In comparison with idealized ZI-DNA, the 
atoms deviate by an RMS value of 1.15 A. In comparison 
with ZII-DNA, the deviation is larger, 1.27 A. The HA4 
helix is therefore significantly perturbed with respect to 
standard Z-DNA helices. 

The sugar-phosphate backbone is more distorted than 
the bases. The RMS deviation of the positions of the 
atoms of the backbone from those of d(CG )3 is 1.76 A. 
This value is 0.84 A for the bases. Some of the backbone 
torsion angles are substantially different as compared 
to Z-DNA values. A comparison of individual strands 
with corresponding strands of idealized ZI-DNA shows 
that the strand containing adenine deviates more than 
the others, with RMS values of 1.21 A and 0.99 A for 
the adenine strand and the thymine strand, respectively. 

The perturbation of the structure of HA4 from regular 
Z-DNA is clear from the differences in the base-centred 


local parameters (Tables 2 and 3). The average value 
of the twist at the two purine-pyrimidine steps in HA4 
is -42.6° as against -50.9° in d(CG) 3 . Of the three 
pyrimidine-purine steps, the deviation in twist angle is 
much larger at the C3-p-A4 : T9-p-G10 and C5-p-G6 
: C7-p-G8 steps. The values are, respectively, -24.1 ° 
and -3.3° compared to an average value of -8.4° in 
d(CG) 3 . The molecule is compressed at the ends as 
indicated by the smaller rise at the first and last 
dinucleotide steps (3.38 A and 3.24 A as against 3.95 
A and 4.06 A for d(CG) 3 ). Tilt values are positive at 
all the dinucleotide steps except at A4-p-C5 : G8-p—T9. 
Likewise, the values of roll are also positive at all the 
steps except at G2-p-C3: GlO-p-Cll. In previously 
reported Z-DNA structures, many of the local structural 
parameters not only remain steady from base pair to 
base pair along the helix, but are also close to zero in 
value. HA4 violates this trend and, as may be seen in 
Tables 2 and 3, the values of tilt and roll are relatively 
large compared to both HA2 and d(CG) 3 . In addition, 
the values fluctuate noticeably along the hexamer. 

The ribose ring conformations in HA4 do not follow 
those of the previously reported Z-DNA structures. A 
major difference is in the conformation of the ribose 
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Table 2. Twist, rise, tilt, roll and slide in d(CG) 3 , d(CACGCG) • d(CGCGTG) [HA2] and 
d(CGCACG) • d(CGTGCG) [HA4] 


Sequence 

Dinucleotide 

step 

Twist 

(’) 

Rise 

(A) 

Tilt 

(“) 

Roll 

O 

Slide 

(A) 

d(CG)3 

C1-G2:C11-G12 

-7.5 

3.95 

-1.6 

-4.1 

5^28 

HA2 

C1-A2:T11-G12 

-8.1 

3.84 

-1.6 

-2.4 

5.15 

HA4 

C1-G2:C11-G12 

-16.3 

3.38 

3.0 

6.5 

5.54 

c1(CG)3 

G2-G3:Gia-Cll 

-49.8 

3.90 

-2.8 

-0.1 

-0.75 

HA2 

A2-C3:G10-T11 

-49.4 

3.75 

0.6 

1.5 

-0.64 

HA4 

G2-C3:G10-C11 

-Uo.4 

3.97 

0.1 

-6.1 

-1.42 

d(CG)3 

C3-G4: C9-G10 

-8.0 

3.57 

0.2 

-4.4 

5.38 

HA2 

C3-G4: C9-G10 

-10.3 

3.65 

-1.0 

-3.7 

5.35 

HA4 

C3-A4: T9-G10 

-24.1 

3.78 

2.7 

0.4 

6.38 

d(CG)3 

G4-C5: G8-C9 

-52.0 

3.65 

0.2 

L7 

-0.59 

HA2 

G4-C5: G8-C9 

-48.1 

3.69 

1.4 

3.5 

-0.75 

HA4 

A4-C5: G8-T9 

-AM 

3.51 

-7.2 

7.4 

-1.50 

d(CG)3 

C5-G6 : C7-G8 

-9.6 

4.06 

2.3 

0.7 

5.07 

HA2 

C5-G6 : C7-G8 

-13.6 

3.75 

-0.2 

-2.7 

5.50 

HA4 

C5-G6 : C7-G8 

-3.3 

3.24 

5.3 

3.1 

3.87 


Table 3. 

Propeller twist, buckle. 

inclination, 

tip, x-displacement and >'-displacement in 

d(CG)3, 


d(CACGCG) 

• d(CGCGTG) [HA2] and d(CGCACG) 

•d(CGTGCG) [HA4] 


Base 

Propeller 

Buckle 

Inclination 

Tip 

;c-dis. 

y-dis. 

Sequence 

pair 

twist (") 

o 

(“) 

(') 

(A). 

(A) 

d(CG)3 

Cl -012 

-0.5 

-0.5 

-8.2 

7.2 

2.83 

-3.92 

HA2 

Cl *012 

-0.1 

-3.2 

-6.0 

2.1 

2.86 

-3.50 

HA4 

Cl-012 

-7.4 

5.8 

2.6 

-8.8 

3.52 

-3.70 

d(CG)3 

G2C11 

-3.4 

6.2 

-6.7 

3.2 

2.26 

0.54 

HAi 

A2-T11 

-1.8 

5.6 

-4.5 

-0.2 

2.49 

0.92 

HA4 

G2 • Cl 1 

-6.3 

0.2 

-0.4 

-2.3 

3.82 

0.87 

d(CG)3 

C3'G10 

-6.0 

-4.3 

-3.9 

3.1 

1.36 

-2.33 

HA2 

C3 • GIO 

-0.5 

-7.4 

-5.1 

1.2 

1.85 

-2.13 

HA4 

C3 • GIO 

-2.6 

11.4 

-0.4 

-8.4 

2.92 

-3.15 

d(CG)3 

G4C9 

-0.1 

8.2 

-4.1 

-1.2 

1.32 

2.64 

HA2 

G4C9 

-2.1 

8.2 

-4.1 

-2.4 

1.85 

2.64 

HA4 

A4T9 

-4.9 

3.3 

-3.1 

-7,9 

2.63 

2.06 

d(CG)3 

C5G8 

0.0 

0.2 

-4.3 

0.4 

2.65 

-0.22 

HA2 

C5G8 

-2.0 

-8.5 

-5.6 

1.0 

3.02 

-0.74 

HA4 

C5G8 

-6.4 

-7.3 

4.1 

-0.5 

1.91 

-1.52 

d(CG)3 

G6C7 

-4.8 

-5.4 

-6.6 

1.1 

2.94 

3.99 

HA2 

C6C7 

-3.1 

3.2 

-5.4 

-1.6 

3.14 

3.74 

HA4 

G6 •C7 

-5.4 

-0.1 

-1.1 

2.5 

2.56 

2.27 


in G6 residue. The value of pseudorotation phase angle 
P is 56“, closer to C3'-endo (0** < P < 36“) rather than 
to C2'-endo conformation (144“ < P < 180“) seen, for 
example, in d(CG) 3 . The ribose ring attached to the 
adenine base has a C2'-exo conformation. This again 
is different from the conformation of sugar attached to 
the corresponding guanine base in d(CG) 3 . It may be 
noted that in ideal Z-DNA, sugars attached to guanine 
bases are in the C3'-endo conformation while those 
attached to cytosine bases are C2'-endo. The average 


difference in pseudorotation phase angles between the 
present structure and the crystal structure of d(CG )3 is 
62.6“, while the average difference in the amplitude of 
pucker is 11.2“. 

As in the HA2 structure, the deviations of the HA4 
helix from the standard Z-DNA structure are not confined 
to the neighbourhood of the A: T base pair. It is, 
however, clear that this sequence, with the single 
A : T base pair closer to the centre, is perturbed quite 
substantially from the standard Z-DNA conformation. 
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Figure 3. Distorted Z-DNA: d(CGCACG) • d(CGTGCG) (thick lines) superimposed on d(CGCGCG) • d(CGCGCG) (thin lines). (In stereo.) 


The packing of the HA4 helices in the crystal gives 
rise to a near degeneracy in the space group assignment 
leading to the possibility of indexing the crystal diffr¬ 
action pattern in any one of the space groups P2j, 
P2i2j2p C2 or P 65 . Intensity statistics dictate the choice 
of P2j as the correct space group^^. While the common 
Z-DNA packing pattern of infinite fibre-like columns 
along the c axis persists, in the present structure the 
adjacent columns are related by unit cell translations 
along the a and b axes unlike in HA2 and d(CG )3 (and 
several other Z-DNA crystals), where the helices in the 
adjacent columns along the b axis are related by 2 j 
screw axes. This leads to contacts between neighbouring 
helices which are different from those observed in other 
Z-DNA hexamer crystals. The shortest contact, 2.58 A, 
is between 04' of A4 and 04' of GIO of the molecule 
related by a unit cell translation along the b axis. 

There is a decrease of about 2 A in the length of the 
unit cell c axis and this leads to a reduction in the 
volume available to each hexamer duplex in the crystal. 
HA4 is thus more tightly packed than the other Z-DNA 
hexamers. The volume per hexamer duplex in HA4 is 
5838 A^, compared to 6151 A^ in HA2 and 6284 A^ in 
d(CG)3. 


The tendency of DNA oligonucleotides to crystallize 
in a few distinct helix-type-dependent packing patterns 
has been noted earlier^^’However, as demonstrated 
in the present two structures as well as in others ^ ’ , 
sequence-dependent deviations from the idealized A, B 
or Z type helices can be detected in the crystal structures 
even where the different sequences pack in the same 
pattern, crystallize in the same or similar unit cell and 
space group, and have the same or similar inter-helical 
interactions. Therefore, the differences observed in the 
present hexamers are not a consequence of crystal 
packing forces but may correspond to differences in 
sequence, i.e. the different position of the single A : T 
base pair. It may be noted that crystals of the sequence 
HA2 were grown in the presence of Mg^"*" whilst those 
of the sequence HA4 had Ba“^ as the cation in the 
crystallization medium. However, this difference in the 
metal ion would probably not suffice to explain the 
differences in the structure, an inference which is sup¬ 
ported by the fact that the crystals of d(CG )3 grown in 
the presence of many different cations such as Mg 
Ba"^ Co"" (refs. 2, 29), [Co(NH 3 ) 6 ]"" (ref. 28), all have 
almost identical stmctures and interhelix interactions. 

Though the effect of different metal ions cannot be 
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entirely ruled out, the significant differences between 
the HA2 and HA4 structures in the present case are 
probably due to the sequence. This implies a subtle but 
well-marked influence of the distance of the A: T base 
pair from the end of the oligonucleotide helix on the 
DNA conformation. At 2.5 A resolution, accurate details 
of the conformational changes in HA4 are not visible. 
Nevertheless, a substantial and significant deviation from 
other Z-DNA hexamer structures indicates an inherent 
plasticity in the DNA molecule which is apparent even 
under the close-packed conditions found in Z-DNA crystals. 
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X-irradiated in the presence of 
chlorpromazine 
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X-irradiation of human epidermoid carcinoma cells 
(Hep-2) in the. presence of the phenothiazine drug 
chlorpromazine (CPZ) enhances X-ray-induced 
cytotoxicity and chromosomal aberrations. The 
cytotoxicity is partly repairable during holding of 
the cells in the liquid before plating. The extent of 
double-strand breaks (DSB) produced in the DNA 
during these treatments was assayed by pulse field 
gel electrophoresis. DSBs produced in the cell X- 
irradiated in the presence of CPZ is the sum of the 
DSBs produced by X-rays and CPZ separately. Repair 
of DSBs after X-irradiation in the presence of CPZ is 
less than that after X-irradiation without CPZ. 

Chlorpromazine (CPZ) is a substituted phenothiazine 
used clinically as an antiemetic antipsychotic agent^ and 
recently it is being considered as an adjuvant to cancer 
chemotherapy for its ability to enhance cytotoxic effects 
of anticancer drugs^ and radiation^. We have shown that 
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CPZ increases cytotoxic and cytogenetic effects of X-rays 
on human cells and the cytotoxic effects may be repaired 
to some extent by holding the cells in the liquid medium 
before plating"^. The mechanism of this CPZ-induced 
enhancement of cytotoxicity is not clear. It is well 
known that CPZ acts on the membrane. It has been 
shown that the intracellular concentration of some anti¬ 
cancer drugs increases in the presence of another CPZ- 
like drug trifluoperazine (TFP), making the cells more 
susceptible to the cytotoxic effect of the drugs^. CPZ 
also enhances genetic effects of radiation like 
chromosome aberration and sister chromatid exchange^. 
CPZ might directly affect the amount and nature of the 
lesions produced in DNA by X-irradiation or it might 
affect other cellular constituents which in turn increase 
the damages in the DNA. 

In this work, cells in culture were treated with different 
combinations of CPZ and X-rays and the state of the 
DNA at each point was determined by pulse field 
electrophoresis, immediately or 4 h after the damage. 
Clonogenic survival of the cells after such a treatment 
was also measured. Human epidermoid carcinoma cell 
line Hep-2 was used in these experiments. Stationary 
phase cells were irradiated by X-rays from a Phillips- 
Muller MG 150 machine (run at 80 kV; dose rate 1 
Gy/min) with or without the presence of CPZ. After 
irradiation the cells were washed and then either plated 
immediately or were kept in complete medium for 4 h 
before plating. As reported earlier^ liquid holding 
allowed the cells to repair part of the damage, so that 
a higher survival was seen for such cells, X-irradiated 
alone or X-irradiated in the presence of 5 |ig/ml CPZ, 
the extent of repair being higher in the former case 
(data not shown). 

To follow the state of the DNA during these treatments, 
the cells were first labelled with ^"^C-thymidine for 48 h. 
They were then washed and chased in a cold medium 
containing 50 jim thymidine for 1 h and then damaged. 
Agarose blocks were prepared immediately or 4 h after 
the damage. Blocks were digested with detergent, 
proteinase K and then incubated with RNase^. DNA thus 
obtained was almost intact. The blocks were 
electrophoresed in a pulsed field with hexagonal 
electrodes using Pharmacia LKB2015 Pulsaphor 
electrophoresis unit applying 5 V/cm with a pulse time 
of 250 s for 72 h. 

At this condition, all intact human DNA remained 
within the groove and only degraded DNA moved out 
into the gel. So, 

amount of degraded DNA = input count in the block 

before run 

- count in the groove after 
run. 

Therefore, the relative amount of degraded DNA or the 


fraction of activity released 

amount of degraded DNA 
total count 

So, each block was prepared in duplicate. One of them 
was preserved and the other was electrophoresed. After 
electrophoresis, these blocks were solubilized in 0.1 N 
HCl and counted to give FAR. Figure 1 shows the 
variation of FAR as the cells were X-irradiated in the 
presence or absence of 10 |Lig/ml CPZ and then the 
plugs were made, immediately following damage or 4 
h later. FAR decreased, indicating repair of double-strand 
breaks (DSB) when the cells were held in liquid before 
assay. The rate of repair in the cells X-irradiated alone 
is, however, much more than in the cells X-irradiated 
in the presence of CPZ. The reactivation factor may be 
defined here as FARq,^ - FAR^j^. If this is plotted against 
FARqj^, we get a much steeper curve for cells X-irradiated 
without CPZ (Figure 2). This indicates that the DSBs 
produced by X-rays CPZ combination are repaired less 
than those induced with X-rays alone. 

Figure 3 shows the values of FAR when the cells 
were incubated with different concentrations of CPZ for 
1 h, some of them being irradiated with 20 Gy X-rays 
halfway through the incubation. Blocks were made either 
immediately or 4 h after damage. We see that there 
was some breakdown of DNA caused by incubation of 
cells with CPZ alone, and this was repaired to a great 
extent during holding in liquid. This is in agreement 
with an earlier observation where Py815 mastocytoma 
cells grown in the presence of CPZ showed a lot of 
DNA breakage, which resealed after removal of the 
drug*. 

DSBs produced by X-rays + CPZ treatment were 
essentially the sum of DSBs produced by X-rays and 



Figure 1. Degradation of DNA (as measured by FAR (%)) in cells 
X-irradiated in the presence of 0 or lOpg/ml CPZ and blocks made 
immediately or 4 h after damage of cells. • No CPZ, 0 h; A no 
CPZ, 4h; O lOpg/ml CPZ, Oh; A lOpg/ml CPZ, 4h. 
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CPZ treatment separately (Figure 3), However, the repair 
of the damage produced by the combined treatment was 
much less than the repair of the damages produced by 
the agents individually. 

A general model has been proposed to explain the 
action of intercalative and non~intercalative drugs, 
postulating their inhibitory effects on DNA nicking and 
closing enzymes^. It seems likely from our data that 
CPZ also inhibits some components of the cellular repair 



Figure 2. FAR {7o) at Oh-FAR (%) at 4 h against FAR (%) at 0 h. 
Data derived from Figure 1. O X-rays, □ X-rays + CPZ for 1 h. 



Figure 3. FAR (%) in cells incubated for 1 h with different doses 
of CPZ with or without X-irradiation (20 Gy). • Blocks made imme¬ 
diately; O 4h after incubation; A cells X-irradiated during CPZ 
incubation and blocks made immediately; A 4h after incubation. 


system. Further, this impairment of repair makes CPZ 
more attractive as a possible adjuvant to radiotherapy. 


1 . Jones, G. R. N., TumorU 71, 563-569. 

2. Lazo, J. S., Chen, D. L., Gallicchio, V. S. and Hait, W. N., 
Cancer Res., 1986, 46, 2236-2240. 

3. George, K. C., Srinivasan, V. T. and Singh, B. B., Int. J. Radial 
Biol, 1980, 38,'^ 661-665. 

4. Karmakar, P., Dasgupta, U. B. and Poddar, R. K., Mutat. Res., 
1994, 32, 159-164. 

5. Ganapathi, R., Grabowski, D., Schmidt, H., Yen, A. and Iliakis, 
d.. Cancer Res., 1986, 46, 5553-5557. 

6 . Kelly-Garvert, F. and Legator, M. S., Mutal Res., 1973, 21, 
101-105. 

7. Stamato, T. D. and Denko, N., Radial Res., 1990, 121, 196-205. 

8 . Darkin, S., McQuillan, J. and Ralph, R. K., Biochem. Biophys. 
Res. Commun., 1984, 125, 184-191. 

9. Filipski, J., FEBS Lett., 1983, 159, 6-12. 

ACKNOWLEDGEMENTS. We thank the Director of the Saha Institute 
of Nuclear Physics for permission to use their X-ray facility. We also 
acknowledge the help of Dr D, J. Chattopadhyay at various stages of 
this work. 

Received 30 December 1994; revised accepted 6 January 1995 
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a-amylase activity of barley seeds 
and their reversal by chlorflurenol 
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a-amylase activity was measured in barley seeds 
soaked in water, gibberellic acid (GA, 10^ and 10“^ 
M) and cWorflnrenol (CFL, and 10"® M) for 

20 h. A high background activity was observed in 
controls. Seeds soaked in GA inhibited the enzyme 
activity, probably due to an endogenous superoptimal 
concentration. The higher concentration of CFL 
(10"^ M) reversed their inhibition. The action of CFL 
is attributed to interference in GA^s action. 

Chlorflurenol, a synthetic growth substance\ inhibits 
seedling growth. In barley, this could be reversed by 
simultaneous application of GA, suggesting a role of 
GA in CFL'induced inhibition^. However, the lack of 
effect of CFL on GA-induced a-amylase activity in 
embryoless half seeds of barley, a specific bioassay for 
gibberellin action, tempted Krelle and Libbert^ to question 
the mechanism of CFL action vis-a-vis GA mediation. 
Our findings (unpublished) also showed that CFL does 
not inhibit the induction of a-amylase activity by ex¬ 
ternally applied GA. Nevertheless, it was observed that 
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the background enzyme activity (in the absence of 
externally applied GA) was considerably reduced by 
CFL. These studies, however, were carried out on 
embryoless half seeds, while the studies on growth 
characteristics were conducted by presoaking treatment 
of whole seeds. The present study was, therefore, un¬ 
dertaken to examine the a-amylase activity in whole 
seeds as affected by CFL application. 

Barley seeds (Hordeum vulgare c.v. 292) were soaked 
in cold ('- 9‘'C). After 20 h the seeds were cut transversely 
and the endosperm halves were used for a-amylase 
assay"^. The half seeds were incubated for 72 h at 28“C 
over moistened sand in Petri dishes. Four half seeds 
per replicate were incubated in a medium consisting of 
CaCl 2 , acetate buffer (pH 4.8) and chloramphenicol (to 
contain microbial growth) with or without GA (10"^ M) 
for 24 h, after which the enzyme activity was determined. 
The GA added at this stage is referred to as external 
GA. Enzyme activity is expressed as units by using 
standard a-amylase (Sigma). One unit hydrolyses 1 mg 
of maltose from starch in 3 min at pH 6.9 and at 20“C. 
The experiments, besides being replicated, were also 
repeated at least thrice. 

The background a-amylase activity (without external 
GA) was 9.8 units in controls compared to 8.8 units 
in GA-treated sets (Table 1). As seen from the table, 
when the seeds were presoaked in GA, the enzyme 
activity was lowered by 25% in 10“^ M and by 50% in 
10"^ M. At this stage external application of GA was 
ineffective. 


Table 1. Effect of GA and CFL on a- 
amylase activity in barley seeds 


T rftBtrnpnt 

External GA 

(soaking) 

0 

10"° M 

DW 

9.76 

8.78 


± 0.323 

±0.589 

GA 10"^ 

7.53** 

7.56** 


±0.336 

±0.119 

GA 10’^ 

4.42** 

5.25** 


± 0.535 

±0.710 

CFL 10"'° 

8.79* 

8.15 


± 0.376 

±0.187 

CFL 10"^ 

10.42 

9.36 


±0.190 

±0.234 

GA 10"^ + 

2.61** 

4.11** 

CFL 10"'° 

±0.356 

±0.110 

GA'10"^ + 

3,68** 

3.79** 

CFL 10"^ 

± 0.527 

±0.196 

GA 10"^ + 

2.65** 

3.52** 

CFL 10"'° 

±0.216 

±0.000 

GA 10'° + 

3.52** 

2.73** 

CFL 10"° 

±0.511 

±0.254 


P values * = <0.05; ** = <0,01. 


When seeds were soaked in CFL (10“^^ M) there was 
10% inhibition compared to control (Table 1). The 
inhibition was slightly more in the presence of applied 
GA. However, at 10"^ M a marginal stimulation (~7%) 
was observed. Here also the addition of GA caused a 
lowering of the enzyme activity. In the case of com¬ 
bination treatments, though there was a synergistic in¬ 
hibition of the enzyme activity, the higher concentration 
of CFL (10'^ M) was less inhibitory (25-30% less) com¬ 
pared to the lower concentration (10"^^^ M) in the treatments 
where there was no application of external GA. This trend 
was reversed with the addition of GA externally. 

Barley seeds, when soaked in GA (10‘^ M and 10”^ M), 
inhibited a-amylase activity. This is probably due to a 
superoptimal level of endogenous GA. Chlorflurenol, 
though an inhibitor of growth, caused much less inhibi¬ 
tion of the enzyme activity at 10"^” M and a slight 
enhancement at the higher concentration of 10"^ M. This 
effect may occur by lowering the endogenous GA level 
from a superoptimal to a normal level, which ultimately 
leads to an enhancement in a-amylase activity. Such 
an effect is supported by the observation that the higher 
CFL concentration is more effective in reversing the 
inhibition caused by a superoptimal level of GA. 

When barley seeds were soaked in water, measurable 
amounts of a-amylase activity was observed (--10 units). 
It has been reported earlier^ that sufficiently active 
gibberellins are present in the aleurone cells at the start 
of the incubation. In the present studies, since the seeds 
could not germinate due to the low temperature, the 
gibberellins produced became superoptimal. At this stage, 
any addition of GA from outside tends to inhibit the 
activity. Gibson and Paleg^ observed in wheat that 
concentration of GA higher and lower than the optimal 
level caused inhibition of a-amylase activity. This point 
is vindicated in the present studies, where the enzyme 
activity was inhibited when seeds were soaked in GA. 
Further, the inhibition was more pronounced at higher 
concentration (10"^ M) of GA than at lower concentration 
(10"^ M). 

Krelle and Libbert^ observed no effect of CFL on 
GA-induced a-amylase activity in embryoless half seeds 
of barley. As evident from the work of Jackson^ and 
Varner and Mense^, this lack of response may be due 
to the presence of significant amounts of gibberellins 
or a-amylase as such in the aleurone cells, at the start 
of the incubation. Some of our findings (unpublished) 
had, however, shown that CFL reduces this background 
activity. An effect of CFL in similar direction is observed 
in the present studies also. The inhibition caused by a 
superoptimal concentration of GA is reversed by CFL. 

It can be concluded from these studies as well as 
from our earlier observations* that the inhibition of 
seedling growth and enzyme activity by CFL and the 
reversal of inhibition of a-amylase activity caused by 
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a superoptimal concentration of GA are all due to a 
unidirectional effect, i.e. the inhibition of GA’s action 
by CFL. 
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Plant regeneration from protoplasts 
of scented indica rice using 
heterologous feeder system 

J. N. Gupta*, G. S, Cheema, Ravinder Kaur and 
H. S. Dhaliwal 

Punjab Agricultural University, Ludhiana 141 004, India 
*Present address: Department of Biotechnology, Directorate of Rice 
Research, Rajendranagar, Hyderabad 500 030, India 

Protoplasts were isolated from 4-5-month»old 
embryogenic calli induced from mature seeds of the 
rice variety Pusa Basmati- 1 . The isolated protoplasts 
were cultured in the well formed by a ring of feeder 
cells of Panicum maximum^ that were maintained as 
suspension cultures by periodic subculturing in R 2 
medium. Six-month-old cell suspensions of P. maxi¬ 
mum were found more suitable as a feeder for cul¬ 
turing of rice protoplasts than Saccharum offtcinarum. 
The microcalli obtained from protoplast culture were 
proliferated on modified N 5 medium and plantlets 
were obtained on MS regeneration medium supple¬ 
mented with Imgl”^ IB A and 4% sucrose. 

Several reports are available on regeneration of plants 
from protoplasts of rice^"^°. These reports also suggested 
that feeder cells are a critical requirement for sustained 
division of protoplasts in the initial stage of culture. In 
most cases suspension cells of japonica rice varieties 
were used as feeder cells. When feeder cells and 
protoplasts of the same species are used together, often 
doubts are expressed with regard to the origin of calli 
and plantlets, whether, they are truly from protoplasts. 


*For correspondence 


In order to ensure that the plants regenerated are from 
protoplasts rather than from suspension cells, we used 
a heterologous system of feeder cell suspensions 
developed from a species distinctly different from cul¬ 
tured rice protoplasts. 

Dehusked scented rice variety Pusa Basmati-1 (Oryza 
sativa ssp. indica) was surface-sterilized in 70% ethanol 
for 1 min and with 0.1% mercuric chloride for 5 min, 
followed by rinsing in sterile distilled water thrice. The 
sterilized seeds were cultured on modified MS medium*^ 
with 2 mg 2,4-D and variable concentration of either 
BAP or kinetin. After four weeks of incubation in the 
dark at 26 ± TC, the scutellar region of the seed embryos 
developed either nodular/globular whitish embryogenic 
calli (E-calli) or unorganized rough-surfaced light yel¬ 
lowish to creamy type of non-embryogenic calli (NE- 
calli). The embryogenic calli were separated under 
stereomicroscope and proliferated on the same callus 
induction medium. For isolation of protoplasts, the 
embryogenic calli were incubated in 15 ml of an enzyme 
mixture consisting of 2% cellulase ‘Onozuka’ RS (Yakult 
Honsha Co. Ltd, Tokyo, Japan) and 0.5% pectolyase 
Y-23 (Seishin Pharmaceutical Ltd. Co., Tokyo, Japan) 
in 5 mM MBS buffer (2(N'-morpholino)ethanesulfonic 
acid) and CPW salts^“ with 13% mannitol. The enzyme 
digestion was carried out in 90 mm Petri dishes for 4 h 
on a gyratory shaker at 50 rpm, followed by 1 h stationary 
period in the dark at 26 ± 1 “C. The released protoplasts 
were sieved through a set of 64, 45 and 30 |im sterile 
nylon mesh and purified by sucrose density gradient^. 
The protoplasts were washed thrice in CPW saltswith 
13% mannitol and pelleted by centrifugation at 1000 
rpm. The viability and cell contamination of protoplasts 
were determined by staining with Trypan blue and 
Calcoflour white, respectively. 

Calli were induced on MS medium^^ supplemented 
with 3.0 mg 2,4-D and 0.2 mg 1"^ BAP from young 
inflorescence of Panicum maximum, leaf spindle of 
Saccharum officinarum, mature seed of Triticum aestivum 
and Oryza barthii. The 2-month-old calli of P. maximum 
and S. officinarum were used to develop a cell suspension 
for preparation of feeder cells. Suspension cultures were 
initiated in liquid R 2 medium^^ for P. maximum and 
AA medium^"^ for S. officinarum and maintained through 


Table 1. Effect of growth regulators on callus induction 
and embryogenic callus formation from seed embryos of 
Pusa Basmati-1 


Basal MS 

2,4-D BAP 

(mg r^) (mg 

medium with 

Kinetin 
') (mgr') 

Frequency of 
callus formation 
(%) 

Growth of 
E-callus 
(%) 

2 0.2 

_ 

87.5 

88.9 

2 0.5 

- 

73.3 

43.8 

2 

0.5 

70.0 

44.0 

2 

1 

66.6 

24.4 

2 

- 

75.0 

62.6 
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Figure 1. Plant regeneration from protoplasts of scented indica rice cv. Pusa Basmati-1. a, Embryogenic calli; b, isolated protoplasts; c, 

nr^nni H ^ \ culturc; d, two-ccll Stage and further dividing protoplast; e, microcalli after 20 days of culture; /, 

protoplast-denved calli on c^lus proliferation medium; g, regenerated plantlet; h, plant in pot. Bar: a, 1cm; b, 10 pm; c, 5 pm; d, 5 pm; e, 
20 pm;/, 2 mm; g, 1 cm and /», 10 cm. , , 


periodic subculturing in the same media. 

For preparation of feeder cells, 1.5 ml of actively 
growing cell suspensions were mixed with 10 ml of N 
medium'^ containing 2.0 mg 1“^ 2,4-D, 0.2 mg 1"^ zeatin! 
500 mg casein acid hydrolysate, 0.5 M glucose and 
0.6% agarose. 1.5 ml of this mixture was poured along 
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the inner periphery of a 35 mm Petri dish in the form 
of a ring with a well at the centre. 

One ml of purified protoplasts at a density of 1 x 10^ 
ml"^ in Ng medium^^ with 1.5 mg 2,4-D, 0.2 mg 1”^ 
zeatin, 500 mgP^ casein acid hydrolysate, . 1.1 M glucose 
and 0.15% sea plaque agarose were plated in the well. 
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The cultured protoplasts were fed with fresh medium^^ 
supplemented with 1.5 mg 1“^ 2,4-D, 0.2 mg 1“^ zeatin, 
500 mg casein acid hydrolysate at day 8 with reduced 
osmoticum (0.8 M glucose) and subsequently every five 
days with further reduction in osmoticum (0.4 M 
glucose). After 30 days, the microcalli formed from 
protoplasts were transferred to Ng medium supplemented 
with 2.0 mg 1"^ 2,4-D, 0.2 mg 1"^ zeatin, 500 mg casein 
acid hydrolysate, 3% sucrose and 0.8% agarose for 
proliferation and embryoid formation. For differentiation, 
these calli were further transferred on MS salts with 1 
mg IBA, 4% sucrose and 0.8% agarose and kept 
initially in the dark for one week and then transferred 
to a 16/8 h light/dark regime. The regenerated plantlets 
at 2-3-leaf stage were transferred to semisolid MS/2 
medium for root development and hardened in liquid 
MS/2 medium (without sucrose) before transfer from 
tube to soil. 

Of all the combinations of growth regulators tested 
for callus induction and embryogenic calli formation, 
MS medium supplemented with 2 mg 1'^ 2,4-D and 0.2 
mg BAP was found to be the best, both in terms of 
frequency of callus induction (87.5%) and in terms of 
growth of embryogenic calli (88.9%) (Table 1). Sub¬ 
stitution of 0.5 mg BAP with kinetin did not show 
any better response. 

The protoplasts isolated from 1-month-old primary 
calli were found to be highly vacuolated. Further, a 
large number of protoplasts were seen budding, whereas 
4-5-month-old embryogenic calli (Figure 1 a) yielded 
only small (8-15 pm), round and densely cytoplasmic 
protoplasts (Figure 1 b) in very large numbers (about 
6.7 X 10^ protoplasts per gram fresh wt of callus). The 
viability of protoplasts was also higher (83%) when 
isolated from 4-5-month-old embryogenic calli compared 
to younger calli. The size of protoplasts showed 18-30% 
increase after 4 days of culture (Figure 1 c). The first 
complete protoplast division was observed after 6 days 
of culture and further divisions led to colony formation 
in 10 days (Figure 1 d) and 20 days of culture (Figure 
1 e). Reduction of osmoticum after 8 days was found 
beneficial for sustained divisions of protoplasts, con=- 
firming our earlier observations^*. Morphologically dis¬ 
tinguishable type of calli, i.e. with respect to colour 
and texture, were considered essential for use as feeder 
cells to ensure that regeneration is only from protocalli 
and not from feeder cells. Calli of P. maximum and 5. 
officinarum were obtained and initiated for establishment 
of cell suspension culture. The calli of P. maximum 
were grey in colour, making them distinguishable from 


rice protocalli, but S, officinarum, O, barthii and 7. 
aestivum did not show such distinction. Further, the cell 
sizes of P. maximum and S. officinarum in suspension 
culture were larger and clearly distinguishable from rice 
cells. Therefore, established cell suspensions of P. maX’ 
imum and S. officinarum were selectively used as feeder 
cells. Collapsing of cultured protoplasts was observed 
within 36 h in feeders prepared from younger (2-3 
months) cell suspension of S. officinarum. With feeder 
cells of P. maximum, collapsing was delayed and notice¬ 
able only after 4 days of culture. Six-month-old cell 
suspension of P. maximum supported the sustained 
divisions of protoplasts. The frequency of dividing 
protoplasts at day 15 was found to be 1.87%. The calli 
were transferred on Ng medium supplemented with 2 
mgl"^ 2,4-D, 0.2 mg zeatin, 500 mg 1'^ casein acid 
hydrolysate, 3% sucrose and 0.8% agarose for prolifera¬ 
tion and embryoid formation. The protocalli showing 
embryoids (Figure 1 f) were transferred to plant regenera¬ 
tion medium. About 66.3% of calli differentiated to 
form plantlets (Figure 1 g). The’ hardened plantlets were 
transferred to pots for further growth and development 
(Figure I h). 
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Influence of light on somatic 
embryogenesis in hypocotyls of 
Albizzia lebbeck 

Kavita Baweja, Jitendra P. Khurana and Paramjit 
Gharyal-Kliurana 

Department of Plant Molecular Biology, University of Delhi, South 
Campus, Benito Juarez Road, New Delhi 110 021, India 

Hypocotyls of Albizzia lebbeck when cultured on 
Gamborg’s basal medium (devoid of any growth 
hormone) give rise to somatic embryos. The induction 
of somatic embryogenesis is influenced by light. Both 
short-duration red and far-red light, like white light, 
considerably enhanced the number of explants dis¬ 
playing embryogenesis over the dark controls. The 
number of embryoids per explant was also higher in 
red-light-irradiated explants but far-red light was not 
as effective and, in fact, reversed the effect of red 
light. The results suggest a possible involvement of 
phytochrome in light-mediated somatic embryo for¬ 
mation in this tree species. 

Light is a major physical factor influencing differentia¬ 
tion and morphogenesis in higher plants. Although 
photoperiod and light intensity have been known to 
influence morphogenesis in cultures, only limited infor¬ 
mation is available on the spectral quality of light' 
regulating morphogenesis^"^. In a few studies, the role 
of phytochrome, a red/far-red reversible pigment system, 
has been investigated during organogenesis. In general, 
red (R) light was found to promote adventitious shoot 
formation in tobacco, lettuce. Convolvulus, Pseudotsuga and 
Brassica oleracea, and far-red (FR) reversed its effect*"'^. 


Albizzia lebbeck hypocotyl is a novel system wherein 
both organogenesis and somatic embryogenesis can be 
induced, either way, from the same explant by controlling 
hormone levels in the nutrient medium^^’ A preliminary 
investigation indicated a marked influence of light on 
differentiation of somatic embryos from the hypocotyl 
explants of A. lebbeck^^. In the present investigation, 
efforts have been made to study the effect of specific 
spectral regions of light to explore the identity of the 
photoreceptor involved in stimulating somatic 
embryogenesis in hypocotyl explants of A. lebbeck. 

Seedlings of A. lebbeck were raised on B5 basal 
medium^^ For induction of embryogenesis, hypocotyls 
from five-day-old seedlings were cut to 1 cm lengths 
and placed on B5 basal medium in Petri dishes, as 
described earlier^"^, and subjected to various light treat¬ 
ments. Custom-built light chambers^^ were used for 
irradiating explants through broad-band filters. For R 
irradiation, light from eight cool white fluorescent tubes 
(Philips, TL 20 W, 6500 K) was filtered through one 
layer of no. 1 yellow Cinemoid and one layer of no. 
14 ruby Cinemoid filter. FR light was obtained from 
eight 150 W tunsgten bulbs (Comptalux, Philips) and 
filtered through a 5 cm layer of running tap water, one 
layer of no. 5 deep orange and one layer of no. 20 
deep blue pumary Cinemoid filters. Cinemoid sheets 
were obtained from Rank Strand Electric Co., UK. The 
output fluence rates were 7.5 |imol m"^ s"^ for R light 
(between 600 and 700 nm) and 100 |imol m"^ s"^ for FR 
light (between 700 and 800 nm), as recorded by a 
portable spectroradiometer (LI-COR, Lincoln, Nebraska). 

The hypocotyl explants cultured on B5 basal medium, 
devoid of any growth regulator, split longitudinally along 
the entire length of the hypocotyl segments under con- 
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Figure 1. Hypocotyl explants of Albizzia lebbeck on B5 basal medium, displaying emergence of numerous globular 
embryoids after two weeks of culture. 
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Figure 2. Quantitative determination of hypocotyl differentiation via somatic 
embryogenesis in cultures kept in total darkness (dark control), darkness interrupted 
(ID) by white light for 15 min every day for various durations (10, 20, 30 and 45 
days), or a daily photoperiodic schedule of 16 h light and 8 h darkness (light control). 
All cultures were scored for embryogenesis employing a binocular after 45 days. The 
values plotted are means of four independent experiments (±S.E.). 


ditions of 16h daily light (Figure 1). This is followed 
by emergence of globular embryoids and various other 
stages of embryoid formation, which eventually gave 
rise to plantlets^^. The response was fairly uniform, with 
about 90% of the explants differentiating 12--14 
embryoids per explant (Figure 2). 

When the hypocotyl explants inoculated on B5 basal 
medium were kept in darkness rather than in the regular 
photocycle of 16h light and 8h darkness, the number 
of explants displaying embryogenesis was reduced con¬ 
siderably and the average number of embryoids produced 
per explant was also reduced by 66% (Figure 2), and 
only rarely was any callus formed from the cut ends. 
Further experiments were conducted to verify whether 
the effect of light was of a catalytic nature or if it was 
obligatorily required for the entire culture duration to 
obtain the optimal response. Hypocotyl explants were 
exposed daily to 15 min white light for 10, 20, 30 or 
45 d followed by incubation in darkness for the remaining 
duration of the experiment. All these cultures were 
analysed after 45 d. In these cultures, compared to results 
obtained with explants kept under 16 h photocycles (for 
45 d), the percentage of explants showing embryogenesis 
was not affected much under any light schedule tried, 
except when kept in complete darkness, although the 
number of embryoids produced per explant decreased 
(Figure 2). It may thus appear that some other factor(s) 
besides light might also influence the intensity of 
embryogenic response in this system. 

To check for the possible involvement of phytochrome 


in somatic embryogenesis, hypocotyl explants cultured 
on B5 basal medium and kept in darkness were irradiated 
with R, FR or R followed by FR light, for 15 min 
every day for 30 d. The average number of explants 
responding (exhibiting differentiation) to short-duration 
R irradiation was fairly comparable (about 75%) to 
controls kept under continuous light. Even with FR light 



Figure 3. Effect of light quality on somatic embryogenesis. The 
cultures were kept in darkness and irradiated with red (R), far-red 
(FR), or R followed by FR light for 15 min each day. Experiments 
were terminated after 30 days of culture period. The values plotted 
are means of four independent experiments (±S.E.). 
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given alone or following R irradiation, nearly 60% 
explants exhibited embryogenesis. Red light also affected 
the intensity of the response and, as is evident from 
Figure 3, the average number of embryoids per explant 
increased by nearly 75% over the dark control. FR light 
given immediately following R light reversed this effect, 
with the level of response being less than that obtained 
in explants irradiated with FR light alone (Figure 3). 
However, R light did not enhance the number of 
embryoids per explant as much as 16 h white light per 
day. The stimulatory effect of both R and FR. light on 
embryogenic response (qualitatively) may appear intrigu¬ 
ing but it is known that in certain very low fluence 
responses FR may mimic the effect of R light (i.e. very 
low levels of Pfr, which can be generated both with short¬ 
term R or FR irradiation, can induce the response*^’ 
Further analysis with regard to phytochrome photo¬ 
equilibrium relationships^^ as established by R and FR 
irradiations, however, needs to be performed to provide 
a more definitive evidence that phytochrome does indeed 
regulate somatic embryogenesis in A. lebbeck hypocotyls. 
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Sachet technique - an efficient 
method for the acclimatization of 
micropropagated grapes 
(yitis vinifera L.) 

M. B. Ravindra and Pious Thomas 

Division of Biotechnology, Indian Institute of Horticultural Research, 
Hessarghatta Lake, Bangalore 560 089, India 

In vitro rooted plantlets of grape cvs. ‘Arka 
Neelamani’, ‘Thompson Seedless’ and ‘Black Champa’ 
were planted in sachets/polythene bags (200 gauge) 
of 12 X 24 cm size filled to 1/3 height with estab¬ 
lishment mixture (sand : loamy soil: soilrite mix TC, 
2 :1:1), misted, closed and incubated under supple¬ 
mented light (30-40 |Tmol m”^ s"^), for 16 h under am¬ 
bient conditions (25-32" C). Ninety to hundred per 
cent plantlet establishment was recorded and the 
plants could be shifted to full sunlight at 4-6 weeks. 
This method, involving a single-step acclimatization 
process, is very simple, labour- and cost-efficient and 
gives better results compared to protray or minipot 
method of acclimatization. 

Acclimatization or hardening of tissue-culture-raised 
plants is a major step in micropropagation which is 
generally not given much emphasis in the literature. In 
grapes there are a number of reports on micropropaga¬ 
tion but often these do not give a proper account of 
the process of acclimatization of the tender plantlets. 
The survival of micropropagated grapes is relatively low 
compared to most other woody crops^ However, some 
success has been obtained in the recent years through 
the use of growth retardants like paclobutrazol in cultures, 
through a reduction in the relative humidity in culture 
vessels^ and through CO^ enrichment in controlled en¬ 
vironmental chambers^’^ The other reports describe cum¬ 
bersome procedures involving different steps and 
extended periods^~^^ 

Conventional propagation of different horticultural 
plants by planting in rooting media within closed 
polythene sachets has been reported^^'^"^. To our 
knowledge, this method has not been exploited for 
acclimatizing tissue-culture-raised plants. Therefore, the 
closed-sachet method was tried with a view to develop 
a single-step process of acclimatization in comparison 
with the other two common methods of hardening 
employed by different laboratories, viz> protray method 
and minipot method. 

/n-v£Yr<3-raised plantlets (4-5 weeks old) of cvs. ‘Arka 
Neelamani’, Thompson Seedless’ and ‘Black Champa’, 
obtained from subculturing of shoot tip or nodal micro¬ 
cuttings on Rugini Olive mediumsupplemented with 
3.0% sucrose and 1.0 |iM lAA, gelled with 0.2% gelrite 
(Schweizerhall Inc., N.J., USA) and incubated at 
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25±2"C at 16h photoperiod (20-30 |Limol m"^ s'^), were 
used for the study. These plantlets were 5-8 cm tall 
with 3-5 leaves and 2-6 vigorous primary roots. All 
the experiments on acclimatization were initially carried 
out on cv. ‘Arka Neelamani’ and the results were later 
confirmed with Thompson Seedless’ and ‘Black 
Champa’. 

The establishment medium (EM) comprised of 2 parts 
of river sand, 1 part of loamy soil, and 1 part of either 
commercial soilrite mix TC (perlite-vermiculite-Irish 
peat moss mixture; KEL Perlite, Bangalore) (EMI) or 
well-decayed farmyard manure (EM2). In the sachet 
method, polythene bags (200 gauge) of 12 x 24 cm size, 
provided with drainage holes (20 in no.) at the bottom, 
were filled with the establishment media to 1/3 height 
and watered to field capacity. The sticking medium and 


callus, if any, were washed off the in vitro plantlets, 
the primary roots pruned to 1.0-1.5 cm and planted 
within the sachets carefully using forceps. The plantlets 
were given a spray of water before closing the sachets 
with a single pin at the top (Figure 1). In the minipot 
method, the plantlets were planted in EMI or EM2 in 
small plastic pots (6 cm diameter x 7 cm height) provided 
with two drainage holes and soon covered with a 
water-sprayed polythene bag (12 x 24 cm). In the protray 
method, the plantlets were placed in the EM in small 
netted pots (32 x 25 mm), and the protrays were enclosed 
in polythene tunnels with a fine mist of water to simulate 
a mist chamber. 

All the experimental materials for acclimatization were 
incubated indoors at ambient temperature (day tempera¬ 
ture ranging from 25 to 32'’C during the months of 



a bed 

Figure 1. Different stages in acclimatization through the sachet method: a, just planted; b, misted 
and closed; c, plantlet established at 3 weeks; d, ready for field planting-8 weeks. 


Table 1. Establishment and growth of grape (cv. Arka Neelamani) plantlets under different 

methods of acclimatization* 


Method 

No. of 
plantlets 
used 

Establishment 
at 3 weeks 

Post¬ 

establishment 

mortality 

(%) 

Growth at 

7 weeks 

Height 

(cm) 

No. of 
leaves 

No. 

(%) 

Sachet 

100 

96 

96.0 

2.0 

33.76 ±14.6 

8.76 ±3.09 

Minipot 

76 

68 

89.5 

5.8 

11.9 ±1.7 

7.63 ± 0.77 

Protray 

60 

48 

80.0 

35.4 

** 

** 


*Established medium EMI (sand, soil, soilrite-2:1:1). 
**Data not presented. 
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October 1993 to March 1994) for 16 h under supple¬ 
mented light (30-40 ixmol m~^ s"^) provided by three cool 
white fluorescent tubes. At 3-weeks stage the plants 
were exposed by opening the top of the polythene bag 
in the sachet method, and by removing the polythene 
cover in the other methods. The percentage establishment 
was recorded at 4-weeks stage and the growth of the 
plants was monitored periodically. 

Among the two establishment media tried in the sachet 
method, the best plant (cv. Arka Neelamani) estab¬ 
lishment was observed with EMI (94%). Considerable 
rotting and mortality was observed with EM2 (47%) 
even while the sachets were closed, mainly due to poor 
drainage. Also, microbial growth was evident on the 
bits of farmyard manure and on the dying plant tissue. 
Therefore, further use of this medium was ruled out. 
Subsequent studies showed satisfactory plant estab¬ 
lishment in EM devoid of soilrite or farmyard manure. 

The present attempt to develop the sachet method for 
the acclimatization of grape plantlets was made as the 
efforts with other methods employing protrays and mini¬ 
pots, commonly practised by different laboratories and 
commercial establishments, proved less productive. The 
sachet method gave 90—100% establishment of ‘Arka 
Neelamani’ rooted plantlets in repeated trials, ‘Thompson 
Seedless’ and ‘Black Champa’ showed 90% and 95% 
establishment, respectively. The closed sachets by them¬ 
selves acted as zero-energy humidity or mist chambers. 
The plants acclimatized by the sachet method were 
always more vigorous than those hardened by protray 
and minipot methods (Table 1). This was contributed 
partly by the better microclimate around the plants. 

Considerable high humidity was maintained around 
the plants even after, the sachets were fully opened. 
When the ambient humidity was 30-35%, the humidity 
inside the open sachets one week after opening was 
58-62%, while in the other two methods this was equal 
to ambient humidity. Further, the sachet acted as a 
barrier to air currents and this reduced the dessication 
effect as well as the water loss from the plant and the 
medium. This advantage was specific to the sachet 
method alone. Further, the plants in minipots and protrays 
required transplanting to secondary nursery, which could 
altogether be avoided in the sachet method. The head 
space in the sachets provided sufficient scope for sup¬ 
plementing additional mixture; this avoided the need for 
a secondary nursery and provided considerable flexibility 
for bulking the hardened plants for field planting. 

Employing the sachet method, the hardening of grape 
plantlets could be completed in 4 weeks and the plants 
could soon be shifted to either partial shade or full 
sunlight. It is suggested that the plants be kept in partial 
shade for sometime (1-2 weeks) before exposing them 
to full sunlight. 

The sachet method has been found to work well for 


acclimatizing other tissue-cultured plants such as citrus 
and musk melon in our studies. This method will have 
far-reaching utility in commercial propagation of many 
horticultural plants through tissue culture. 
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Pathogenic myxosporean infection in 
the early fry of Indian major carp, 
Catla catla 

C. V. Mohan and K. M. Shankar 

Department of Aquaculture, College of Fisheries, Mangalore 575 002, 
India 

Here we present a case of pathogenic gill and kidney 
myxoboliosis in the fry (15-day-old) of Indian major 
carp, Catla catla^ and describe the histopathology and 
elucidate the mechanisms of pathogenesis. We also 
provide evidence to suggest that trophozoites and 
spores of the Myxobolus sp. could occur in the target 
tissue in less than 15 days following ingestion of 
infective spore. 

Indian major carp hatchlings following yolk sac absorp¬ 
tion (3-4 days post-hatch) are normally reared for up 
to one month in well-prepared nursery ponds. Nursery 
ponds with soil base are usually fertilized prior to 
stocking to encourage production of phyto and 
zooplankton, which are the preferred food items of carp 
fry. 
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The information presented here is from a case study 
of mass mortality of 12-15-day-old Catla fry in a fish 
farm in Karnataka. Catla fry (12-day-old) stocked in 
nursery ponds were found to turn dark, become lethargic, 
swim in circles, settle at the bottom and die in large 
numbers. The entire stock of more than 1 million fry 
were dead within 3-5 days of appearance of the first 
clinical sign. Interesting findings from microscopical and 
histological investigations carried on live and moribund 
samples collected during the disease outbreak form the 
basis of this research communication. 

Fresh examination of gill smears made from several 
moribund fry consistently showed the presence of large 
numbers of Myxobolus sp. spores (Figure 1) having the 
typical myxosporean spore features. Histological tissue 
sections of gills and kidney positively confirmed massive 
infection by the histozoic myxosporean, Myxobolus sp. 
Large numbers of both spherical and irregular 
trophozoites and cysts of Myxobolus sp. were found 
in the connective tissue of gill arches (Figure 2) and 
in the respiratory epithelial tissue of primary lamellae 
(Figure 3). The kidney was virtually replaced by the 
developing trophozoites of Myxobolus sp. (Figure 4). 
Longitudinal section of almost the entire length of the 
kidney showed very few kidney tubules and there was 
hardly any interstitial haematopoeitic tissue in the anterior 
and middle kidney (Figure 5). The cysts in both the 
gills and the kidney were in different stages of develop¬ 
ment (Figure 6). Some had fully developed spores in 
the centre of the cyst, while the others were still in 
the developing vegetative phase. 

Large-scale necrosis of the gill and kidney tissue by 
the developing trophozoites of Myxobolus sp. was the 
underlying reason for mass mortality of Catla fry. In 
the gills the developing cysts had destroyed the 
respiratory epithelial tissue and also had blocked 
branchial microcirculation. In the kidney the developing 
cysts had completely damaged and replaced the interstitial 
haematopoeitic tissue and also had significantly reduced 
the number of functional renal tubules. Necrotic cellular 
and tissue damage in the kidney and gills would have 
significantly lowered the osmoregulatory, excretory, 
haematopoeitic and respiratory efficiency and thus con¬ 
tributed to the observed massive mortality. 

Catla fry start feeding immediately after yolk sac 
absorption (3 days post-hatch). The fry probably would 
have ingested the infective spores on day 3 or 4 post¬ 
hatch. Trophozoites and fully aeveloped spores could 
be seen in 12-15-day-old Catla fry that were examined 
microscopically and histologically. The fact that fully 
developed spores could be seen in the gills and kidney 
implies that the Myxobolus sp. in question had completed 
its life cycle in less than 15 days following the ingestion 
of the infective spore by the fish. 

The rapid development through vegetative phases into 



Figure 1. Fresh unstained preparation from gills showing large numbers 
of Myxobolus sp. spores (S). Note the presence of two polar capsules 
(arrowhead) and 1 sporoplasm (arrow), x 1000. 



Figure 2. Photomicrograph showing the presence of large numbers 
of trophozoites of Myxobolus sp. (arrowed) in the gill connective tissue 
along the gill arch. H & E, x 100. 



Figure 3. Photomicrograph showing developing trophozoites in the 
interlamellar region (arrowed) along the primary lamellae. H & E, x 100. 
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Figure 4. Photomicrograph showing trophozoites of Myxobolus sp. 
(arrowed) in the kidney at various stages of development. H & E, x 100. 



Figure 5. Photomicrograph showing developing trophozoites (arrowed) 
along almost the entire length of the kidney. Note the presence of 
few kidney tubules (arrowhead). H&E, x40. BC = body cavity; DM 
= dorsal musculature. 



Figure 6. Photomicrograph showing advanced trophozoites (arrowed) 
in the kidney. The kidney tubules are necrotic (N) and have sloughed 
material inside. H&E, x200. 


trophozoites and spore-containing cysts in less than 15 
days accompanied by massive gill and kidney tissue 
damage could largely explain the high pathogenicity of 
Myxobolus sp. seen in the present case study. The 
presence of cysts in various stages of development may 
also indicate that the fry were being continuously infected 
by the ingestion of infective spores present in the pond 
soil or in suspension. 

The life cycle of myxosporea is largely controversial. 
Most authors suggest that the spores require a time for 
‘maturation’ outside the host, probably in mud, before 
they become infective. Recently, it has been shown that 
Myxobolus cerebmlis\ M. cotti^ and M. pavloskii^ require 
an intermediate host (Tubifex worm) inside which the 
spore develops and undergoes metamorphosis to become 
infective triactinomyxon or hexaactinomyxon spore. 
Experimental infection studies'^ with M. cerebralis in 
trout have shown trophozoites and spores to occur in 
the cartilage 40 and 90 days (respectively) after initial 
exposure to triactinomyxon spore at 16-17“C. Identical 
life cycle has been demonstrated for M. cotti and 
M. pavlosku. In both species, following the ingestion 
of the infective spore, it has taken more than 120 days 
to produce a spore in the target tissue at 16-17''C. 
There is no information regarding the requirement of 
an intermediate host for myxosporideans of Indian fresh¬ 
water fishes. Literature on the time taken by typical 
myxosporeans of Indian freshwater fishes to complete 
their life cycle is not yet clear. Experimental infection 
of Indian major carp hatchings and 10-day-old fry with 
Myxobolus sp. using spore-contaminated soil has been 
partially successful^. Under experimental infection con¬ 
ditions, it was found to take 2 months or more following 
exposure to contaminated mud to produce the typical 
spore-containing cysts in the integument and gills at 
28--30‘’C. 

In view of the current knowledge on the life cycle 
of myxosporeans, the findings of the present study on 
the time taken to produce a spore in the target tissue 
following the ingestion of infective spore is very inter¬ 
esting and deserves further attention. 

It is clear from the present observations that Indian 
major carp hatchlings from the first feeding stage (3-4 
days post-hatch) onwards can ingest spores from con¬ 
taminated soil or those present in suspension and get 
the fatal infection. In addition, the present study has 
evidence to suggest that the infective spore can develop 
very rapidly in the target tissue following ingestion. In 
majority of sporozoans, the spores get released following 
the death of the infected fish or through rupture of 
cysts located at the surface. The spores can remain 
viable for several years in the pond soil. As there is 
no known effective systemic therapy for histozoic 
sporozoans in fish, it is vital to prevent the infection 
in nurseries by resorting to better management like 
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drying and liming of nursery and rearing pond soil to 
kill the myxosporean spores. 
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Anaerobes in the digestive tract of 
wood-eating grub Acanthophorus sp. 

K. Sara Parwin Banu and K. Ramasamy 

Department of Environmental Sciences, Tamil Nadu Agricultural Univer¬ 
sity, Coimbatore 641 003, India 

The presence of cellulolytic anaerobes and 
methanogens (H^ oxidizers and acetate utilizers) in 
the gut of Acanthophorus larvae, which feed on citrus 
root, was observed. The cellulolysers concentrate in 
the midgut and the methanogens were harboured in 
the hindgut. The cellulolysers were mostly Clostridium 
sp. while the methanogens were fluorescent rod¬ 
shaped bacteria. 

The digestive tract of the animal species normally paves 
a suitable niche for a variety of microorganisms to 
inhabit and multiply. Special attention is given to these 
gut microflora due to the fact that they play a major 
role in the host’s digestion, reproduction, excretion, etc.\ 
The conditions prevailing in the gut favour the estab¬ 
lishment of anaerobes which are also reported in insects. 
Substantial literature exists on the gut microflora of 
termites^ and other xylophagous insects like cockroaches^ 
and Oryctes larvae"^. But little is known on anaerobes 
in the gut of wood-feeding grubs like root-feeding 
Acanthophorus sp. or stem-feeding Batocera sp. 

In the present research, the gut microflora of citrus 
root grub (Acanthophorus sp.) were examined. These 
grubs bore holes and feed on cellulose-rich bark and 
trunk. They plug the boreholes with the chewed frass 
material behind and hence reside under a partial 
anoxygenic condition. Due to this reason, the presence 
of anaerobes was suspected and assessed. 

The grubs were collected from infected trees and 
reared under laboratory conditions on moistened saw 
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dust separately up to last instar, which weighed about 
50 g and was 10.5 cm in length. The last instar grub 
was anaesthetized in chloroform and dissected in an 
anaerobic hood under CO 2 stream to prevent the loss 
of anaerobes during dissection. The foregut, midgut and 
hindgut regions were incised separately and transferred 
to vials with modified Hungate’s broth^. The vials were 
sealed and flushed periodically with gas. The total 
anaerobes, cellulolysers and methanogens were 
enumerated by Hungate’s roll tube technique using 
specific media^. The distribution of various anaerobes 
in different regions of the gut is given in Table 1. 
Degradation of the cellulosic substrates was observed 
through clearance in the opaque surrounding medium 
in the roll tubes. Filter paper degradation was also noted 
in the enrichments. Metabolic products of anaerobic 
cellulolytic bacteria were assessed by gas chromatog¬ 
raphy^. Cellulolysers were rod-shaped and mostly 
sporulating. Few of the purified isolates were charac¬ 
terized as Clostridium sp. The cellulolysers converted 
the feed into acetate and propionate (Figure 1). Such 
volatile fatty acids production might support the host’s 
nutrition. Apart from strict anaerobes in the gut, 
microaerophilic cellulose-degrading bacteria were also 
observed in the posterior region of the hindgut. 

Fluorescing methanogenic colonies isolated from the 
gut showed wide variation in their colony characteristics. 

Table 1. Population (xlO^mF^) of anaerobes in the gut 


Predominant 


Anaerobes 

Foregut 

Midgut 

Hindgut 

cell shape 

Total anaerobes 

12.7 

7.0 

2.5 

Rods, cocci 

Cellulolysers 

ND* 

4.2 

1.1 

Rods 

Methanogens 

H 2 oxidizers 

1.0 

3.1 

6.1 

Rods 

Acetate utilizers 

2.5 

2.0 

3.0 

Rods-forming 

filaments 


*Not detected even in direct sample enumeration. 



Figure 1. Growth and product profile of a cellulolytic clostridia 
isolated from the gut of Acanthophorus grub. 
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UV-fluorescing microscopic observation of the purified 
cultures revealed that they were rods forming filaments 
with similarity to the known Methanothrix. They used 
acetate and methanol as a substrate for growth. 

The present report highlights the prevalence and dis¬ 
tribution of anaerobic microflora in Acanthophorus grub 
similar to xylophagous termites^ and cockroaches^. The 
concentration of cellulolysers in the midgut and their 
metabolic products show that these anaerobes play a 
role in the digestion of cellulose. Anaerobic environment 
of the gut was also supported by the presence of 
methanogens. Detailed on the cellulolysers will surely 
help us to identify efficient strains that can be harnessed 
for lignocellulose waste treatment. 
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Possible indicators of neotectonic 
activity near Bhimunipatnam coast, 
Andhra Pradesh 

Srinivas Madabhushi 

F-6, B-4, Prince Apartments, Visakhapatnam 530 017, India 

Archaean meta-sedimentaries, Pleistocene sedimen- 
taries and Holocene sediments characterize the 
‘badlands’ of coarser ferruginated sands in the north¬ 
eastern part of the dune of finer yellow sand near 
Bhimunipatnam coast. The gullies of the badlands 
show preferred orientation in two directions. The 
Pleistocene sedimentaries exposed in one of the gullies 
show variation in dip. One of the tributary gullies 
is aligned in line with an important lineament The 
spring, the double-cone structure and calcrete in the 
unconsolidated aeolian sand, within the lineament 
gully, the change in the dips of the sedimentaries, 
the sub-trellis pattern of the gullies, are all charac¬ 
teristic of possible neotectonic activity around 6000 
years bp. 

Aeolian sands of mean size 1.69-2.54 0 (ref. 1) occur 
in a palaeobay-like configuration south of the east-west 


Bhimunipatnam ridge (Figure 1). The ridge consisting 
of Archaean khondalites is 5 km long and about 1 km 
wide. It has a relief of about 100 m with a wind gap 
disrupting its continuity. The area north of this ridge 
is drained by Gostani River, whose southern distributary 
changes its course suddenly from SSO’^W to S60“E. The 
satellite imagery on 1 : 1,000,000 scale shows a pro¬ 
minent lineament passing through the SSO^W section of 
the distributary and through the wind gap in khondalite 
ridge". South of the ridge is a vast sand dune. It is 
about 4 km long and 2 km wide and is bounded by the 
streams Chittigadda in the northwest and Peddagadda 
in the southwest. The mean size of the sand ranges 
from 2.06-2.54 0. The northeastern part of the sand 
dune is characterized by the aeolian sand of mean size 
1.69-1.99 0. Deep gullying and ferrugination characterize 
these sands. Ferric iron coats the loose sand grains 
of original aeolian origin^ Study of aerial photos on 
1 : 60,000 scale shows two sets of preferred orientations 
to the gullies - N30°W and NSO^E. The southwesternmost 



Figure 1. Geological map showing the location of sands. 
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Figure 2. A part of the double cone structure in the unconsolidated 
aeolian sand with vertically oriented carbonate columnar colicre- 
tions - ‘calcrete’ precipitated under intense evaporative conditions. 


N30^W gully separates the coarser ferruginous sands in 
the northeast from the finer non-ferruginous sands in 
the southwest and west. An important N30“E tributary 
gully of the N30'’W gully is aligned in the line of the 
lineament passing through the wind gap. A swampy 
zone constantly giving out water occurs at about 2 m 
above the bed of the main gully in the tributary gully. 
Near the spring, the unconsolidated ferruginated sands 
are characterized by double-cone structures and calcrete 
(Figure 2). The radiocarbon dating of the calcrete by 
Rao et gave ages of 5840+170 and 58101120 
years bp (ref. 4). The N30‘’W-aligned southwestern gully 
exposes about 30 m thick ferruginated coarser sand 
overlying a sedimentary sequence (Figure 3). The 
sedimentary sequence rests unconformably on the 
metasedimentaries — the Archaean khondalites with folia¬ 
tion dipping about 80“ due north in the northwestern 
part of the area. The sedimentary sequence starts with 
a 0,75 m thick basal pebble bed. The pebbles of this 
bed are sub-rounded to rounded. A fining upward 


sequence of coarse to fine sand is the next unit. This 
unit is about 1.5 m thick near the western margin, where 
it is fully exposed and is exposed partly in the 
downstream of the main gully. The next important 
horizon exposed in the gully is the red and yellow 
siltstone, about 1.5 m thick. The entire sequence from 
the basal pebble to the siltstone could have been deposited 
in a fluvial environment when sediment carried by 
higher-energy fluvial regime was suddenly released into 
a low-energy fluvial regime. This sequence is topped 
by a 0.75 m thick younger bed of elongated pebbles. 
This bed overlaps onto the khondalites in the northwest. 

The sedimentaries between the two pebble beds are 
conformable and show uniform dips. The dip is about 
6 “ due east near the northwestern margin and becomes 
gentler, being 3“ due SSE about 200 m east of the lineament. 
The dips are 26“ due N10“E, about 50 m southeast of 
the lineament, 35“ towards S10“E and 20“ due west, 
about 150 m and 75 m west of the lineament. 

The sediments'^ (unconsolidated material) and ‘sedi- 
mentaries’^ (consolidated rocks) of Bhimunipatnam coast 
have attracted the attention of geologists^ right since 
1886. Mahadevan and Satapathf inferred that the red 
sediments are late Pleistocene and they were formed by 
the cumulative work of both wind and running water, 
Some^’^ considered the red sediments to be aeolian 
deposits derived from the continental shelf during the 
lowered sea level, while others^^’^^ opined these to be 
of fluvial origin. 

Prudhvi Raju and Vaidyanadhan^^ attributed to 
fluviatile agents the transport of mechanically weathered 
products during tectonic quiescence. Pmdhvi Raju et 
attribute to wind action, dune environment, beach deposit 
and definite fluvial agency the formation of the material 
‘red sands’ with stone lines in the landform badlands. 

The apparent conflict in the opinions can be ironed 
out if a clearcut demarcation of the sedimentaries and 
the sediments is made. The total sequence exposed in 
the gullies can be differentiated into (Figures 1, 3): 

1. Metasedimentaries of Archaean age - khondalites. 

2. Sedimentaries of fluvial origin consisting of: 

(a) 0.75 m thick basal pebble bed of rounded pebbles; 

(b) 1.5 m thick fining upward sequence of coarse-grained 
to fine-grained sandstones; 

(c) 1.5 m thick red and yellow siltstones; and 

(d) 0.75 m thick younger bed of elongated pebbles. 

3. ‘Sedimentaries’ of aeolian origin, some of which are 
coated by haematite. The haematite-coated grains are 
coarser, with mean sizes of 1.64-1.99 0, while non- 
ferruginated grains are relatively fine, with mean sizes 
of 2.06-2.54 0. 

In the tributary gully in which the double-cone structure 
with calcrete is present and which is also in line with 
the lineament, stone lines of coarser sand grains with 
more iron coating and ferruginous matrix are observed 
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Figure 3. Meta-sedimentaries, sedimentaries and sediments. The tape covers the fining upward sequence of fine to coarse sandstone. Two 
pebble beds - one in the depression below the tape and the other with elongated pebbles above the white patch. 


at two levels separated by 2 m thick unconsolidated red 
sediment. About 2 m below the lower stone line is a 
swampy zone with well-sorted sand of ferruginated 
grains with iron-rich waters. The water level here is 
about 2 m above the NSO^W main gully bed. Water 
from this swampy zone constantly comes out as a stream 
and joins the main stream. Obviously, the swampy zone 
is a spring and the third stone line is in the making. 
The lower stone line also contains a small depression 
into which the iron-rich waters falling from the upper 
stone line in the form of a chain of drops deposited 
ferruginous clay. 

The double-cone structures in the unconsolidated sedi¬ 
ment, away from any hill, with calcrete in the form of 
vertically oriented carbonate columnar concretions (Fig¬ 
ure 2) precipitated under intense evaporative conditions'^, 
within the aeolian sands, similar to the calcrete skins 
on dissected topographic highs in arid desert conditions'*^, 
indicate uplift after pedogenesis. The N30'’E-S30“W 
lineament passing through the southern distributary of 
Gostani River and the gap in the ridge is aligned along 
the N30“E tributary gully with the spring. Defining the 
western limit of the Amanam hill north of Gostani 
River, the lineament extends up to N60“E lineament in 
the north. South of the Bhimunipatnam ridge, there is 
a marked relief on the satellite imagery, with the western 
side being slightly lower than the eastern side. 

Aerial photos on 1 : 60,000 scale show two sets of 
gullies in a sub-trellis pattern, with the major preferred 
directions being N30“W and 30°E. The sub-trellis pattern 
is more prominent west of the lineament. On the eastern 
side, the gullies are oriented in only one preferred 


direction of N30“W. 

The nature of the change in the dip is suggestive of 
the drag in the dips of the sedimentaries if the block 
on the western side of the lineament undergoes a 
downward movement. The compressive stress in the 
confined downthrown block resulted in the two sets of 
fractures whereas the tensile stress in the eastern 
upthrown block was responsible for the unidirectional 
major preferred orientation of the fractures. Fractures 
and joints were developed during the tectonic episode 
around 5800 bp. The 30 m high sand dune provided the 
needed elevation difference while the fractures and joints 
facilitated the weathering and gullying process^^. When¬ 
ever the precipitation exceeded evaporation, the fluvial 
agency worked out along the fractures leaving 30 m 
high near vertical, gully walls^^. The double-cone struc¬ 
ture, the calcrete, the spring and the swampy zone, the 
relief of the lineament on the imagery, the change in 
the dips of the sedimentaries, are all suggestive of neotec- 
tonic activity within the Holocene unconsolidated aeolian 
sediments. The radiocarbon dating of the calcrete suggests 
the major tectonic event to be around 5800 years bp. The 
two stone lines in the lineament gully indicate the positions 
of the spring in the past. The area to the west of the 
lineament sank, not continuously but in steps, the third 
event being the present-day swampy zone. Each of these 
events was interrelated to gullying and ferrugination, giving 
rise to badlands and red sediments. 
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Pharmacopoeias and Formularies. 
Harkishan Singh. I edn., 1994. Vallabh 
Prakashan, SU-221, Pitampura, Delhi 
110 034. pp. xvi + 159. Price: Rs. 225 
(hardbound) (US $ 35.00). Illustrations 33. 
indexed. 


A ‘pharmacopoeia’ is defined as a com¬ 
pendium of monographs on all medicinal 
substances, with their description and 
standards of quality. Early phar¬ 
macopoeias contained both pure drugs 
and their formulations as also non- 
medicinal agents used in the formulations 
(e.g. solvents, flavours, colourants, emul¬ 
sifying agents, etc.) The present trend is 
to include only active pure medicinal 
agents as part of pharmacopoeia and 
relegate the pharmaceutical necessities 
and formulations to a dispensatory or 
formulary. A pharmacopoeia becomes 
‘official’ when a statutory body is 
authorized to compile and publish it and 
includes only substances of proven effi¬ 
cacy and quality, as recommended by 
expert groups. Thus, the minimum stand¬ 
ards as prescribed in the pharmacopoeia 
become the yardstick of progress of health 
care in a nation. A study of the evolution 
of an official pharmacopoeia would reveal 
the struggle of a nation and the endeavour 
of its government in providing best health 
care in terms of quality of drugs available 
to the patients. 

The book under review is the first of 
a series on ‘History of pharmacy in India 
and Related Aspects’ planned by the 
eminent author Prof. Harkishan Singh. 
Prof. Singh is a scientist of international 
repute and has contributed a great deal 
to research in pharmaceutical chemistry, 
education and the profession. He has been 
associated with various bodies like the 
UGC, AICTE, PCI, NIPER, Phar¬ 
macopoeia of India, etc., and is able to 
add his personal knowledge to his writ¬ 
ings. His scientific approach and meti¬ 
culous detail can be witnessed throughout 
the book. As pharmaceutical historian 
Prof Singh can be compared with 
Kremers and Urdang on the international 
scene and Prof. G. P. Srivastava on the 
Indian scene. 

It may come as a surprise to many 
that the history of modem pharmacopoeia 
of India (IP) started with its publication 
in 1868, because the first British phar¬ 


macopoeia (BP) itself was published in 
1864, followed quickly by a second edi¬ 
tion in 1867. The evolution of IP is 
inevitably linked with that of BP. Prior 
to the publication of the BP, nine editions 
of London pharmacopoeia (LP) since 1618 
and twelve editions of Edinburgh Phar¬ 
macopoeia (EP) since 1699 were known. 
The author has unearthed evidence show¬ 
ing that these Latin versions of LP and 
EP were translated into English, Hindus¬ 
tani (in Nagari and Persian scripts) and 
Bengali for use by medical students in 
India, as early as 1824. The EP might 
have been the model for the Bengal Dis¬ 
pensatory (1841) and the Bengal Phar¬ 
macopoeia (1844), the first exclusive 
publications on the Indian subcontinent, 
prepared by O’Shaughnessy at the Cal¬ 
cutta Medical College. The BP 1867 
seems to have included several drugs of 
Indian origin and the manual was offi¬ 
cially used in some British institutes and 
garrisons in India. The author records in 
great detail the birth of pharmacopoeia 
of India 1868 and the remarkable sup¬ 
plement to it a year later, authored by 
Moodeen Sheriff of Madras. This sup¬ 
plement contained vernacular synonyms 
(including Sinhalese, Burmese, Persian 
etc.) of the drugs in the IP 1868 and 
was possibly responsible for popularizing 
the IP. He further traces the conflicts of 
the colonial rulers and the British Govern¬ 
ment in London, which finally shelved 
all efforts to revise and continue publi¬ 
cation of the IP in India, but made it 
mandatory to adopt the BP. However, 
the Indian and Colonial Addendum to 
the BP 1898 issued in 1900 was sub¬ 
sequently incorporated into the BP 1932. 

The appointment of Dmgs Enquiry 
Committee (Chopra Committee) in 1930 
and its report are summarized in respect 
of the revival of IP. The publication of 
the Indian Pharmacopoeial List in 1946 
and the Indian Pharmaceutical Codex in 
1953 have been well documented as 
forerunners of the first IP (1955) in inde¬ 
pendent India. There is much history asso¬ 
ciated with the Chopra Committee Report, 
which also recommended comprehensive 
enactment governing drugs and phar¬ 
maceuticals in all aspects. Singh will 
possibly narrate these elsewhere in future 
volumes. The three editions of the IP 
(1955, 1966 and 1985) and the two 
Addenda (1989, 1991) have been well 


examined by the author, bringing out 
their strengths and weaknesses. However, 
it is lamentable that in independent India, 
even after three editions of the IP, no 
authorized translations to Indian languages 
or at least vernacular synonym supplement 
have been published, though such a need 
was fulfilled in 1868. 

The appointment of Pharmaceutical 
Enquiry Committee (1953). the National 
Formulary Committee (1956), the publi¬ 
cation of National Formulary of India 
(1960, 1966 and 1979), the establishment 
of Central Indian Pharmacopoeia Labo¬ 
ratory and the Indian Pharmacopoeia 
Committees, have all been touched upon 
with the same detail by the author. Singh 
makes out a strong case for a permanent 
Indian Pharmacopoeia Commission in 
place of the IP Committees for each 
edition, to ensure periodic and prompt 
updating and revision of the IP. He cites 
the example of the British Pharmacopoeia 
Commission, established in 1929, which 
was responsible for the publication of BP 
1932 and regularly every five years since 
1948. 

The book has sixteen chapters, refer¬ 
ences to original documents, an index 
and several illustrations, including 
reproductions of title and sample pages 
of some of the very early editions. Al¬ 
though the author has briefly mentioned 
other early publications in this country 
which have a bearing on the history of 
IP (e.g. Dymock’s Pharmacographia 
indica, Bose’s Pharmacopoeia indica. 
Pharmacopoeias of the Medical College 
Hospital at Calcutta and KEM Hospital 
at Bombay, Assam Pharmacopoeia, Kemp 
& Co.’s Prescriber Pharmacopoeia, etc.), 
the book is essentially a detailed history 
of the official IP and does not cover 
these other works. Also not included are 
the standard Pharmacopoeias of other sys¬ 
tems of medicine. There are, today of¬ 
ficial Pharmacopoeias of Homoeopathy, 
Ayurveda, Siddha, etc., all of which may 
have equally fascinating history and 
evolution. This scholarly book will be an 
excellent addition to any library dealing 
with health sciences and related history 
as also to individuals with a passion for 
history of science. 

P. Gundu Rao 

College of Pharmaceutical Sciences 
Manipal 576 119, Karnataka 
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Tertiary Chronostratigraphic Units and 
Sea Level Changes (Kutch and East 
Coast Basins, India). Ed. D. S. N. Raju 
and K. S. Soodan. Nav Jyoti Scientific 
Publications, 4/212 Gomtinagar, Vivek 
Khaiid-4, Lucknow 226 010. 1993. 140 
pp. Price: Rs 300; (US $52.00) 


'This book is a sequel to the enormous 
surface and subsurface micropaleontologic 
and stratigraphic data on Indian 
Petroliferous basins, accumulated over the 
years by the geologists and paleontologists 
of the Oil and Natural Gas Commission 
(ONGC), Dehradun. Edited by two senior 
paleontologists of ONGC-D. S. N. Raju 
and K. S. Soodan —the book is a com¬ 
pilation of fifteen articles, all of which 
have one author in common, D. S. N. 
Raju, who seems to be the moving spirit 
behind the publication of these articles 
in a book form. 

Since all the hydrocarbon occurrences 
in the country are so far confined to the 
Tertiary sediments, a detailed and com¬ 
prehensive chronostratigraphic framework 
including sea level changes, cyclical 
events, foraminiferal controls and hiatuses 
is considered essential for any oil explo¬ 
ration activity. Similarly, the need to 
standardize and correlate the Indian Ter¬ 
tiary chronostratigraphic units with the 
standard European stages has long been 
felt by geologists in India. This objective, 
however, has posed several problems, par¬ 
ticularly of correlating the shallow marine 
sequences with their rich benthic foramini¬ 
feral, and other assemblages with deep-sea 
sequences with plankontic foraminifera 
and nannoplanktons. It is in these contexts 
that the book will be greatly welcomed 
by oil geologists and other earth scientists 
in India. 

The only available chronostratigraphic 
scheme (applicable so far to the shallow 
marine Tertiary sequences of the Kutch 
basin) is by Biswas (1965, 1971), with 
subsequent refinement and addition of 
foraminiferal controls by Raju (1974). 
The additional inputs for Necgene 
chronostratigraphic units of Western In¬ 
dian shelf, Himalayas and Upper Assam 
were provided by Pandey (1982), and for 
the Paleocene of Assam by Pandey and 
Ravindran (1988). 

The main objective in bringing out this 
volume has been to give a comprehensive 
chronostratigraphic classification of the 


Tertiary basins in Kutch and the East 
Coast of India, and to designate holo- 
stratotypes and, wherever necessary or 
desirable, hypostratotypes in other areas. 
The present book, while recognizing and 
accepting 12 stages as being meaningful 
and useful for the Indian chronostratig¬ 
raphy covering the time interval from the 
base of Paleocene to the top of Miocene, 
deals comprehensively with only 9 stages 
covering the interval of Eocene to 
Miocene. Two stages - Adiyakkaman- 
galamian (corresponding to the 
Lower-Eocene Ypresian Stage of Europe) 
and Thimpundian (corresponding to the 
interval from Langhian to the middle part 
of Seravallian stage)-are new. 

The first article by Raju deals excel¬ 
lently with Oligo-Miocene sequences of 
Kutch, and for the first time, correlates 
the sixteen numerically defined miogyp- 
sinid biostratigraphic zones with the cor¬ 
responding stages/zones of Andaman and 
Nicobar Islands proposed by Srinivasan 
(1988). The calibration, which covers the 
interval from Late Oligocene (Zone N2) 
to Middle Miocene (Zone N12), was made 
possible by the association of Miogypsina 
and planktonic foraminifera in certain 
deep-well sections in the Cauvery and 
Andaman basins. 

Sea level changes and cyclical events 
during Oligocene in the Cauvery basin, 
based on foraminiferal data, are dealt 
with in the next two articles. These sea 
level changes and cyclical events are 
correlatable with global third-order cycles 
of Vail et al. (1977) and Haq et al. 
(1987). The Miocene cyclical sea level 
changes in a deep well on Ravva structure, 
Krishna-Godavari (K-G) basin, are dealt 
with in the subsequent article. Nine third- 
order sea level fluctuations are recognized 
in the Early to Middle Miocene sequences. 

The succeeding nine articles deal com¬ 
prehensively with the stratotypes of 9 
stages covering the interval of Eocene to 
Miocene. Limits of several of these stages 
are redefined and their foraminiferal con¬ 
trols listed. In order to provide a wider 
framework for correlation purposes, 
hypostratotypes are designated in other 
areas. 

The last two articles by Raju summarize 
the diagnostic characteristics of the 12 
chronostratigraphic stages recognized in 
the book, and also deal at length with 
stratigraphic events and boundary pro¬ 
blems in the Cretaceous-Cenozoic sedi¬ 
mentary sequences in the East Coast 


basins. A very useful summary chart 
showing a correlation of the Indian stages 
with the standard stages/zones and their 
approximate duration, and an author index 
form the rear of the book. 

Although the book deals admirably with 
the lithostratigraphy and biostratigraphy 
of several surface and subsurface sections 
of Kutch and East Coast basins, it will 
have a limited scope, as the proposed 
holostratotypes of the two new stages are 
based on bore hole section and samples 
which are not available to most geologists, 
who have to rely on outcropping 
stratotypes. It is desirable that holo¬ 
stratotypes be based, as far as possible, 
on outcrop sections. Thus, it is difficult 
to comprehend the rationale in selecting 
a deep-well section in the Cauvery basin 
as the holostratotype for the Lower 
Eocene (Ypresian) stage, Adiyakkaman- 
galamian, when extremely good and con¬ 
tinuous sections are exposed in Rajasthan 
and the sub-Himalayas. The Subathu For¬ 
mation, for example, ranges in age from 
Middle Ilerdian to Early Lutetian and is 
well defined in terms of larger forami¬ 
nifera (Nummulitidae) (covering Zone 
P5-P10) (Bagi, 1992), and in the upper 
part in terms of nannoplanktons (covering 
NP12-NP13) (Jafar and Singh, 1992). 

This lacuna apart, the book has an 
impressive get-up. The value of the book, 
however, would have gone up even further 
had (a) the various articles been more 
throughly planned and coordinated in 
order to avoid unnecessary repetition of 
illustrations and references, (b) the loca¬ 
tion maps been made more meaningful 
and detailed (showing locations of the 
deep wells and type sections mentioned 
in the text), (c) pertinent references to 
previous works been included, and (d) 
equivalents of the various stages in other 
parts of the country been suggested. For 
example, a small-scale map showing the 
location of Bodian village (holostratotype 
of Taptian stage) could have been given 
instead of the vague location map (p. 
61). A litholog of the succession exposed 
in the type area should also have been 
given. Incidentally, there is no mention 
in this article of the equivalent Taraporian 
stage proposed by Pandey (1980). Figure 1 
(p. 49) is repeated ad nauseum on pp. 
55, 69, 79, 89, 97, 105 and 115 with 
only slight changes in the location of 
holostratotypes and hypostratotype, as the 
case may be. These so-called location 
maps are too generalized and small-scale 
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to be of any use. A reader is kept in 
the dark about the precise location of 
several well sections mentioned in the 
text, e.g. PY-l-D well, Pappanacheri well 
(PHC-A) (p, 61) and Snf PNC-A (p. 81). 
One fails to find the location of these 
wells even in the two maps of the Cauvery 
basin on pp. 15 and 27. In fact, more 
detailed maps of the Cauvery basin have 
been published elsewhere by ONGC 
(Proc. XII Indian Colloquium 
Micropaleontology and Stratigraphy). 
Similarly, one finds that the references 
cited in the various articles are very 
selective and important references have 
been omitted. For example, in article 4, 
there is no mention of the paper by Raju 


et al. (1989), which deals with the 
paleobathy metric trends from upper 
Eocene through Pliocene in the K-G 
basin. In fact, this article deals com¬ 
prehensively with sea level changes 
during Miocene in the entire K-G basin, 
instead of in one particular structure as 
in this book. 

There are several editorial lapses which 
will become apparent to discerning 
readers. The reference to the paper by 
Raju et al. (1989) on p. 65 deals with 
K-G basin, while the article is on Cauvery 
basin. Other instances are the usage of 
Tapti stage (p. 61), Aida stage (pp. 89, 
90, 98) and Vinjhan stage (pp. 97, 98) 
instead of Taptian, Aidaian and Vin- 


jhanian stages, respectively. Omission of 
age in Ma in Tables on pp. 73 and 84 
may also be noted. 

However, these lapses do not in any 
way detract from the merits of the book 
which has great reference value. The 
various authors and the editors are to be 
congratulated for making available a 
wealth of data which active paleon¬ 
tologists, stratigraphers and oil geologists 
cannot afford to miss. 

S. B. Bhatia 

Department of Geology 
Punjab University 
Chandigarh 160 014, India 


MEETINGS/SYMPOSIA/SEMINARS 


ECCOMAS 96: Second ECCOMAS Conference on Numerical 
Methods in Engineering; Third ECCOMAS Computational 
Fluid Dynamics Conference 

Date: 9-13 September 1996 
Place: Paris, France 

Topics include: Mathematical modelling; Adaptive approximation 
techniques; Numerical and intelligent algorithms; Parallel com¬ 
puting; Software environment; Multidisciplinary optimization; 
Inverse problems; Active control; Nonlinear dynamics; Solid 
and stmctural mechanics; Materials science; Computational fluid 
mechanics; Turbulence and combustion; High speed flows; 


Computational electromagnetics; Environment and geosciences; 

Industrial applications. 

Contact: Conference Secretariat, ECCOMAS 96 
Universite de Paris VI 
Laboratoire d’Analyse Numerique 
Tour 55-65, 5 erne etage 
4, Place Jussieu 
75252 Paris Cedex 05, France 
Phone: (33) 1 44 27 44 11 
Fax: (33) 1 44 27 72 00 
email: eccomas96@ann.jussieu.fr 


International Conference on Disasters and Mitigation (INCODIM) 

Date: 19-22 January 1996 
Place: Madras, India 

Topics include: Earthquakes: Earthquake zoning and seismic risk analysis; Geological studies related to earthquakes; Recent 
developments in instrumentation for earthquake studies; Engineering practices for earthquake-resistant constructions and urban 
planning; Remote sensing for earthquake studies; Earthquake and its environmental impact; Prediction, crises and post-disaster 
management. Landslides: Geotechnical aspects and advancement in instruments to landslide studies; Remote sensing in the study 
of landslide; Slope stability, soil dynamics and rock mechanics; Landslide mitigation management. Cyclones: Periodicity of 
cyclones; Meteorological aspects of cyclone; Recent trends in cyclone warning; Engineering structures in cyclone-prone areas-con¬ 
struction of shelters - mitigation. Floods: Remote sensing studies for flood control management; Flood prediction and forecasting; 
Flood mitigation and damage assessment; Flood rating; Floods and engineering structures; Environmental impact assessment of 
floods. Droughts and fires: Drought forecasting and mitigation; Remote sensing techniques in drought studies; Drought hydraulics 
and crop damage assessment; Urban drought management; Computational modelling for drought; Environmental impact assessment 
of drought; Fire during drought. Blasts: Effects of bomb explosion; Underwater, underground and air blasts; Effect of rock 
launches. Epidemics] Medical relief measures and management. 

Contact: Dr A. R. Santhakumar 
Chairman, INCODIM 
Structural Engineering Division 
Anna University 
Madras 600 025, India 

Phone: 91-44-2351723/2351787 extn 3322, 3312 

Fax: 91-44-2350397 

email: annalib@simetni,emet.in 
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Indian Academy of Sciences elects new Fellows—1994 



Ananthakrishna, G., Materials Research 
Centre, Indian Institute of Science, 
Bangalore 

His work has 
centered around 
applying statistical 
and nonlinear dyna¬ 
mical methods to 
problems bordering 
materials science 
and condensed mat¬ 
ter physics. New 
methods of approach 
have been introduced. Examples are 
master equation approach to the problems 
such as clustering of point defects, ex¬ 
tended defects, dislocation dynamics, and 
bifurcation theory for the study of in¬ 
stabilities in plastic flow. He has also 
made substantial contribution to electronic 
properties of quasi-crystals, problems in 
chaos, stochastic processes and more recent¬ 
ly, earthquake dynamics and friction. 


Anil Kumar, Department of Physics, 
Indian Institute of Science, Bangalore 

He has developed a 
number of ex¬ 
perimental techni¬ 
ques to unearth and 
characterize multi- 
critical points in ter¬ 
nary and quaternary 
liquid mixtures. His 
endeavours led to a 
deeper comprehen¬ 
sion of the nature of the following mul- 
ticritical points: a tricritical point, a double 
critical point and a quadruple critical 
point. He was instrumental in uncovering 
the reversible flocculation of colloids in 
re-entrant liquid mixtures. He performed 
the first set of experiments that were 
directed at quantifying the unusually large 
1// noise near a consolute (T^) in binary 
fluid mixtures. 




higher nuclearity 
copper(II) complexes 
are also synthesized 
and structurally characterized. His 
achievements also include the synthesis 
and structural characterization of an air- 


()Ji-oxo)bis(p-carbox- 
ylato) dimetal core. 
The dimthenium 
chemistry of this 
core has been deve¬ 
loped by his group. 
Several dimeric and 


stable and water-soluble chiral organo- 
metallic aqua complex suitable for 
asymmetric induction studies of organic 
substrates. 


Chattopadhyay, K., Department of 

Metallurgy, Indian Institute of Science, 
Bangalore 

He has worked on 
synthesis of new 
materials by non¬ 
equilibrium process¬ 
ing including the 

early reports on alu¬ 
minium-based meta¬ 
llic glass and 

metastable phases, 
discovery of one- 
and two-dimensional quasicrystals as well 
as possibility of ordering and approximant 
phases. He has made experimental studies 
on the phenomenon of immiscibility inclu¬ 
ding the role of critical points in the 
evolution of ordering and clustering in 
solid state, liquid state immiscibility and 
morphology development with increasing 
departure from equilibrium. His current 
studies include synthesis and transforma¬ 
tions in nano-scaled stable and metastable 
materials including the phenomenon of 
superheating, heterogeneous nucleation 
and the problem of evolution of equi¬ 
librium and growth shapes. 



Chakravarty, A. R., Department of In¬ 
organic and Physical Chemistry, Indian 
Institute of Science, Bangalore 
Oxo-hydroxo-carboxylate bridged dime¬ 
tal complexes have drawn considerable 
current interest as models for the active 
sites of several metalloproteins. Com¬ 
plexes containing such structural units 
have generated new classes of inorganic 
complexes. One such class has a tribridged 


Datta, Bhaskar, Indian Institute of 
Astrophysics, Bangalore 
His main research concerns neutron 
stars; the topic includes the formulation 
of the equation of state, the effect of 
quark matter on the cooling of neutron 
stars, general relativistic effects of rotation 
on the structure and radiation charac¬ 
teristics of neutron stars and the evolution 
of their magnetic fields. He derived 


nuclear partition 

function and showed 
the importance of 
Pauli exclusion prin¬ 
ciple of gravitational 
collapse of stars. His 
work in the area of 
astro-particle physics 
involves derivation 
of a lower bound on 
the axion rest mass, the role of QCD 

phase transition on primordial nucleosyn¬ 
thesis and derivation of a lower limit on 
quark compositeness energy scale. He 

also showed that the ratio of photon to 

muon pair productions can serve as an 
efficient signal for formation of quark 
plasma in heavy-ion collisions. 



Ganguly, N. K., Department of Experi¬ 
mental Medicine and Biotechnology, Post 
Graduate Institute of Medical Education 
and Research, Chandigarh 

His main work is in 
pathophysiology of 
diarrhoeal diseases 
and he has proposed 
a common mecha¬ 
nism of secretory 
diarrhoea for a num¬ 
ber of diarrhogenic 
pathogens including 
bacteria and para¬ 
sites. He has proposed central calcium 
control of secretory diarrhoea involving 
protein kinase C and arachidonic acid 
synergism. His other contributions in the 
area describe the adhesions identifying 
the receptors and understanding of the 
gut community. 



Hasnain, S. E., National Institute of 
Immunology, New Delhi 

His contributions 
revealed important 
components in the 
regulation of bacu- 
lovirus-mediated gene 
expression in insect 
cells and live cater¬ 
pillars. He showed 
the existence of a 
secretory load in this 
system for proteins which undergo exten¬ 
sive post-translational modifications and 
further demonstrated that this can be cir¬ 
cumvented by advancing the time of 
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expression using temporally different 
promoters thereby suggesting that it is 
the temporal nature of the promoter, and 
not absolute strength, which determines 
the quantitative and qualitative expression 
of proteins of enhanced biological activity. 
He developed a model for pre-determining 
the expression level of an unknown gene 
in the baculovirus system. His hypothesis 
for explaining genetic hypervariability 
culminated in the development of novel 
DNA fingerprinting probes which con¬ 
tinue to be used in forensic medicine. 



Iqbal, Javed, Department of Chemistry, 
Indian Institute of Technology, Kanpur 
He has made notable 
contributions on the 
cobalt-mediated syn¬ 
thesis of organic 
compounds which 
are otherwise dif¬ 
ficult to obtain by 
conventional routes. 
This aspect is found 
to be versatile in the 
organic synthesis and has already made 
inroads in the preparation of novel organic 
compounds. 


John, P. L, Institute for Plasma Research, 
Gandhinagar 



He ■ has performed 
experiments on labo¬ 
ratory simulation of 
electrojet instabili¬ 
ties, soliton interac¬ 
tion with sheaths, 
injection of pulsed 
electron beams in 
mirrors and toroids 
and physics of 
toroidal non-neutral traps. He provided 
leadership in the design, fabrication and 
commissioning of tokamak ADITYA and 
exploration of a series of plasma tech¬ 
nologies for industrial purposes. 


Kailas, S., Nuclear Physics Division, 
Bhabha Atomic Research Centre, Bombay 



He has made impor¬ 
tant contributions in 
proton-nucleus opti¬ 
cal potentials at sub¬ 
coulomb energies, 
nuclear giant reso¬ 
nances and heavy ion 
reactions. Using the 
van de Graaff 
accelerator he made 


extensive measurements of the (p, n) reac¬ 
tion crosssections- for medium mass 
nuclei. He has recently been pursuing an 
extensive study of heavy ion-induced fis¬ 
sion reactions using the Pelletron acce¬ 
lerator. 

Kartha, C. C,, Division of Cellular and 
Molecular Cardiology, Sree Chitra Tirunal 
Institute for Medical Sciences and Tech¬ 
nology, Thiruvananthapuram 

He has distinguished 
himself by his many 
contributions to the 
highly focused in¬ 
vestigations of endo¬ 
myocardial fibrosis, 
a tropical human 
cardiomyopathy. His 
studies have dis¬ 
engaged the aetio- 
paihogenesis of the disease from a con¬ 
fusing network of hypotheses involving 
hypereosinophilia and autoimmunity and 
placed it in the context of a geochemical 
cause. His original observations also led 
to focus attention on the role of cardiac 
fibroblasts in the pathogenesis and to the 
suggestion that endomyocardial fibrosis 
is an interstitial heart disease. He has 
also succeeded in inducing myocardial 
lesions in rabbits similar to those in 
human disease. 

Mandal, A. B., Chemical Laboratory, 
Central Leather Research Institute, Madras 
He has made sig¬ 
nificant contribu¬ 
tions in the area of 
monolayer assem¬ 
blies and reverse 
micellar systems. 
His work mainly in¬ 
volves collagen, 
peptides, synthetic 
and vegetable tann¬ 
ing materials and polymeric surfactants. 

Nag, Subhashis, The Institute of Math¬ 
ematical Sciences. Madras 

He has done work 
in complex analytic 
geometry and the 
theory of moduli of 
Riemann surfaces, 
especially the dis¬ 
covery of the fun¬ 
damental relationship 
of the universal 
Teichmuller space to 


non-perturbative string theory. He has 
discovered the completely natural con¬ 
nection between the diffeomorphism 
group of the circle and the Teichmuller 
spaces, thereby he deduced a form of the 
Mostow rigidity theorem as a corollary, 
and went on to find the universal version, 
living on the universal Teichmuller space, 
of the classical period mapping of Abel- 
Jacobi (that associates to each Riemann 
surface its period matrix). 


Nakra, B. C., Department of Mechanical 
Engineering, Indian Institute of Technol¬ 
ogy, New Delhi 

He has made sig¬ 
nificant contribution 
in the area of vibra¬ 
tion control using 
viscolastic materials 
and dynamic analysis 
of pneumatic sys¬ 
tems. His work in 
condition monitor¬ 
ing to diagnose im¬ 
pending failures in diverse mechanical 
systems has been widely recognized. 


Naqvi, S. W. A., National Institute of 
Oceanography, Goa 

He has carried out 
extensive research 
on chemical oceano¬ 
graphy of the north¬ 
ern Indian Ocean, 
particularly carbon- 
nitrogen transforma¬ 
tions in suboxic 
waters. He has es¬ 
timated water- 

column denitri¬ 
fication rate in the Arabian Sea following 
novel techniques, and provided evidence 
for large seasonal changes in denitrifica¬ 
tion regime. He has demonstrated rapid 
renewal of oxygen-depleted layer from 
chemical and enzymatic measurements. 
He quantified subsurface respiration rates 
in the northwestern Indian Ocean and 
showed that sinking organic carbon flux 
is severely inadequate to meet the carbon 
demand. He discovered an intermediate 
nepheloid layer associated with 
denitrification in the Arabian Sea and 
proposed a new mechanism for its for¬ 
mation. 







560 


CURRENT SCIENCE, VOL. 68, NO. 5, 10 MARCH 1995 




ACADEMY NEWS 


Panda, S. K., Department of Pathology, 
All-India Institute of Medical Sciences, 
New Delhi 

He cloned the Indian 
strain of the virus, 
expressed all the 
structural and non- 
structural proteins, 
developed diagnos¬ 
tic ELISA. He iden¬ 
tified receptor for 
HBV and an ‘S’ 
transactivator asso¬ 
ciated with majority of hepatocellular car¬ 
cinoma. He cloned and sequenced major 
parts of HCV, and identified a new 
subtype (HI C) from India. He also cloned 
and sequenced Indian strain of duck hepatitis 
B virus. He developed an animal model 
for anti-Hepadna vims dmg testing. 

Patwardhan, V. S., Chemical Engineer¬ 
ing Division, National Chemical Labo- 

His main interest has 
been the application 
of mathematical 
modelling and com¬ 
puter simulation 
techniques to dif¬ 
ferent areas in 
chemical engineer¬ 
ing. He has develo¬ 
ped a new expression 
for the excess free energy of aqueous 
single electrolyte solutions, and developed 
a unified approach for predicting the proper¬ 
ties of mixed electrolyte solutions. He has 
developed a Markov-chain based approach 
for describing the diffusion in zeolites. He 
has developed a procedure for studying the 
sensitivity of heat exchanger networks 
which is computationally very efficient. He 
has developed the concept of apparent 
porosity which explains some unusual 
phenomena in fluidization of mixed particle 
systems. He has evolved a procedure that 
accounts for the stagnant zones in gas 
absorbers in a quantitative manner. 

Prakash, V., Central Food Technological 
Research Institute, Mysore 

He has made sig¬ 
nificant contribu¬ 
tions in the area of 
stmcture-flinction re¬ 
lationship of seed 
proteins. He has 
proposed the stmc- 
tural homology theory 
of seed proteins of 


both high and low molecular weight 
protein fraction from a number of seeds. 
This has contributed to our understanding 
of quaternary structure of seed proteins. 

Prasad, D., Mehta Research Institute for 
Mathematics and Mathematical Physics, 
Allahabad 

His work has mostly 
been related to un¬ 
derstanding decom¬ 
positions of represen¬ 
tations of groups over 
local fields when 
restricted to sub¬ 
groups in terms of 
certain arithmetic 
data. Several results 
obtained or conjectured to exist bring out 
the importance of what are called ‘epsilon 
factors’ for such questions. Recently, he 
has been interested in the Weil repre¬ 
sentations and theta liftings and in one 
of the papers he has interpreted the lifting 
of representations so obtained via 
Langlands’ principle of functionality, and 
in another obtained branching laws using 
the seesaw duality in Weil representations. 

Ranganath, H. A., Department of Zool¬ 
ogy, University of Mysore, Mysore 

He is a researcher 
in population genetics 
and has demonstrated 
the * pattern of 
genetic divergence 
in different groups 
of Drosophila by in¬ 
tegrating the classi¬ 
cal and molecular 
cytogenetics, hybri¬ 
dization, behaviour, ecogenetics, fitness, 
and isozyme studies. These studies have 
the evidence for the genetic transilience 
mode of speciation and for the evolution 
of homosequential species. Also, he has 
established the Drosophila Stock Centre 
at Mysore as a National Resource Facility. 

Ranu, B. C., Department of Organic 
Chemistry, Indian Association for the Cul¬ 
tivation of Science, Calcutta 

He has made sig¬ 
nificant contribu¬ 
tions on diverse 
aspects in organic 
synthesis. Notable 
achievements in¬ 
clude: (a) develop¬ 
ment of efficient and 
general strategy for 


the stereo-controlled constmetion of high¬ 
ly functionalized carbocyclic systems 
towards the synthesis of complex natural 
products involving novel cyclobutane 
rearrangement and cyclobutyl radical frag¬ 
mentation; (b) new applications of zinc 
borohydride for useful chemo-, regio- and 
stereoselective reductions; (c) introduction 
of simple and efficient technologies for 
complex chemical reactions imparting 
high selectivity through surface-mediated 
reactions utilizing cheap and commercial¬ 
ly available materials like silica gel and 
alumina; and (d) novel uses of organozinc 
reagents for the preparation of useful 
synthons. 


Ray, D. S., Department of Physical 
Chemistry, Indian Association for the Cul¬ 
tivation of wSci.ence, Calcutta 

His research acti¬ 
vities are in the area 
§■; of nonlinear dyna- 
^ mics, quantum optics 
^ - and theoretical 
jA spectroscopy. Iso- 
4^; morphism of Lorenz 
equations for tur¬ 
bulence with three- 
wave mixing equa¬ 
tions, stability aspects of Schrodinger- 
Maxwell equations in quantum optics, 
non-equilibrium statistical mechanical 
description of chaos, generalization of 
master equation in quantum optics for 
nonlinear systems and non-Markovian 
processes with application to ultrafast and 
multiphoton processes, localization 
problems in nonlinear optics are some of 
the aspects addressed by him in optics, 
spectroscopy and nonlinear dynamics. 


Rodrigues, V., Molecular Biology Unit, 
Tata Institute of Fundamental Research, 
Bombay 



ratory, Pune 
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Sen, Abhijit, Institute for Plasma Re¬ 
search. Gandhinagar 

His major contribu¬ 
tions have been in 
the theory of in¬ 
stabilities and non¬ 
linear wave inter¬ 
actions in tokamak 
devices. He elucidated 
the role of edge den- 
.sity fluctuations in 
the anomalous scat¬ 
tering of lower hybrid waves, suggested 
a novel scheme for stabilization of 
tokamak ballooning instabilities by RF 
ponderomotive forces and toroidal rotation 
effects and discovered a new class of 
exact nonlinear stationary solutions with 
applications to short intense laser pulses 
and free electron lasers. He also worked 
on relativistic electron beams, dusty plas¬ 
mas and basic aspects of nonlinear 
dynamics which are related to fundamen¬ 
tal questions in turbulence and nonlinear 
coherent states. 


Sivasanker, S., Catalysis Division, Na¬ 
tional Chemical Laboratory, Pune 

He has made con¬ 
tributions in the 
science and practice 
of industrial cata¬ 
lysis. A novel break¬ 
through ‘green’ 
process for linear 
alkyl benzene and 
development of high 
tech catalysis are 
specially noteworthy. * 

Sri Niwas, Department of Geophysics, 
Kurukshetra University, Kurukshetra 

He has made novel 
contributions to the 
difficult task of in¬ 
terpreting geoelectric 
data through a crea¬ 
tive new develop¬ 
ment of the matrix 
method evolved by 
integrating the theory 
of exponential appro¬ 
ximation ot a rational function, the proper¬ 
ties of the Lipschitz integral and the 
theory of minimum norm inversion, that 
enables transformation of apparent resis¬ 
tivity data into resistivity kernel in a most 
elegant way. 


Sridharan, R., Physical Research 
Laboratory, Ahmedabad 

He has made very 
significant contribu¬ 
tions in the field of 
the electrodynamics 
of the earth’s atmos¬ 
phere, particularly 
the structure and 
energetics of the 
equatorial thermo¬ 
sphere and its 
response to dynamical forcings. The 
development of the state- of-art Fabry- 
Perot spectrometer for measurement of 
thermospheric temperatures and winds, 
has given new results on the interaction 
between the ionized and neutral com¬ 
ponents of the earth’s atmosphere. The 
recently developed dayglow photometer 
capable of measuring features of minute 
fraction of the background is a major 
breakthrough in observational techni¬ 
ques, and measurements made have 
helped in understanding the relative im¬ 
portance of different mechanisms for 
emission of dayglow in the atmosphere. 

Subrahmanyam, N. C., School of Life 
Sciences, University of Hyderabad, 
Hyderabad 

He pioneered the 
techniques of chromo¬ 
some elimination in 
barley for the pro¬ 
duction of haploids. 
This method has 
also been adopted 
for other plants. He 
further showed that 
the ratio of the 
parental genomes in the zygote determines 
the chromosome elimination or stability. 
He has done extensive work on the 
cistrons and identification of cryptic satel¬ 
lite DNAs and discovered a ‘hemizygous’ 
ineffective control of chromosomes in 
barley. 

Sunder, R., Bangalore Integrated System 
Solutions (P)' Limited, Bangalore 

He has contributed 
to the development 
of fatigue loading 
standard for lAF 
combat aircraft and 
adaptation of 

electron and optical 
microscopy to char¬ 
acterize fatigue 
crack growth and 


crack closure phenomenon. His work has 
involved discovery of hysteresis in crack 
closure, development of servo hydraulic 
test technology and its automation, adap¬ 
tation to requirements of Indian R&D 
centres and industry in the area of material 
and product evaluation for strength and 
endurance. 

Swarup, Ghanshyam, Centre for Cellular 
and Molecular Biology, Hyderabad 

He is the first to in¬ 
itiate research on 
protein tyrosine 
phosphatase, show¬ 
ing homology to 
transcription factors 
binding to DNA. 
The functional 

diversity of these 
phosphatases arises 
irom their regulation of tyrosine kinases, 
potential for autophosphorylation and 
ability to bind DNA. 

Thiagarajan, P. S., School of Mathe¬ 
matics, SPIC Science Foundation, Madras 
He has done exten¬ 
sive work in the 

theory of Petri nets, 
including the formu¬ 
lation and study of 
the basic system 

model called ele¬ 
mentary net systems, 
investigations on the 
relationship between 
various models of distributed systems 

such as net systems, transition systems, 

Mazurkiewicz trace languages .and event 
stmetures. His main interest and contribu¬ 
tions during the last five years have been 
on temporal and modal logics based on 
partial order executions of distributed sys¬ 
tems. 

Tyagi, A. K., Department of 
Biochemistry, University of Delhi South 
Campus, New Delhi 

His earlier work led 
to the understanding 
of mechanism of ac¬ 
tion of L-alanosine, 
an antibiotic anti can¬ 
cer agent. His work 
on the role of poly¬ 
amines in killer sys¬ 
tems of S. cerevisiae 
demonstrated that 
the requirement of polyamines for the 
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maintenance and replication of double- 
stranded RNA killer plasmids is specific 
in nature. His work on transcriptional 
signals of mycobacteria revealed the 
divergence of mycobacterial transcription¬ 
al machinery from those of other bacteria. 
Several vectors have been generated for 
study of molecular genetics and gene 
expression in mycobacteria. He discovered 
a new gene which has importance in the 
pathogenesis of M. tuberculosis. 


Wadhwa, Shashi, Department of 
Anatomy, All-India Institute of Medical 
Sciences, New Delhi 

Critical time periods 
in the development 
of human retina, 
lateral geniculate 
body and visual cor¬ 
tex in the visual 
pathway have been 
identified by study¬ 


ing the chronology of development of 
proliferation, migration, cell death, dendritic 
growth, syna- ptogenesis and neuro-trans¬ 
mitter profiles. The morphology of cerebel¬ 
lar nuclei in adult monkeys has been studied 
and their sequential ontogenetic develop¬ 
ment elucidated in human fetuses. 
Development of neuropeptidergic inner¬ 
vation of the human urinary bladder and 
rat heart has been analysed immunohis- 
tochemically. 
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Downstream Processing in Biotechno¬ 
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Eastern Limited, 4935/24, Ansari Road, 
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515 pages, Rs 150. 
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Prakash. Ashish Publishing House, 8/81, 
Punjabi Bagh, New Delhi 110 026. 1994, 
217 pages, Rs 300. 

Management of Technology Change: 
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pages, Rs 385. 
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Volume: A. S. Mukherjee et al. (eds). 
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Radiation Protection in the Mineral 
Extraction Industry: NCRP Report 118. 
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Radiation Protection and Measurements, 
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Research for Health: Principles, 
Perspectives and Strategies: World 
Health Organization, Geneva, Switzer¬ 
land, 1993, 69 pages. Price not known. 

Robots and Robotics: M. R. Chidambara. 
National Book Trust, A-5, Green Park, New 
Delhi 110 016. 1994, 74 pages, Rs 24. 


Small-Scale Mining: A Global Over¬ 
view: Ajoy K. Ghose (ed.). Oxford and 
IBH Publishing Company Private Limited, 
66, Jan Path, New Delhi 110 001, 1994, 
372 pages, Rs 550. 

Science and Society: Some Perspectives: 
Yash Pal et al. (eds). Cyan Publishing 
House, 5, Ansari Road, New Delhi 
110 002. 1993, 405 pages, Rs 400. 

Snakes of Medical Importance and 
Snake-Bite Treatment: Indramani Jena 
and Akulananda Sarangi. Ashish Publish¬ 
ing House, 8/81, Punjabi Bagh, New Delhi 
110 026. 1993, 293 pages, Rs 500. 

Text Book of Applied Entomology II: 
K. P. Srivastava. Kalyani Publishers, 1/1, 
Rajinder Nagar, Ludhiana 141 008. 1993, 
424 pages, Rs 80. 

Utilisation of Electric Power Including 
Electric Drives and Electric Traction: 
N. V. Suryanarayana. Wiley Eastern 
Limited, 4835/24, Ansari Road, 
Daryaganj, New Delhi 110 002. 1994, 
340 pages, Rs 95. 

Vector Analysis with Applications: 3rd 
edition. Md. Ali Ashraf and Md. Abdul 
Khaleq Hazra. Wiley Eastern Limited, 
4835/24, Ansari Road, Daryaganj, New 
Delhi 110 002, 1993, 308 pages, Rs 85. 

The Wealth of India: A Dictionary of 
Indian Raw Materials & Industrial 
Products: Raw Materials Vol, 3: Ca~Ci 
(Revised edition). Publications and Infor¬ 
mation Directorate, Council of Scientific and 
Industrial Research, Dr K. S. Krishnan Marg, 
New Delhi 110 012, 1992, 683 + 119 
pages, Price not known. 
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JADAVPUR, CALCUTTA 700 032 

IACS/ADVT/P/2/95 

The Indian Association for the Cultivation of Science is looking 
for a creative scientist for appointment at the Lecturer/Sr. 
Lecturer level having good academic record and capable of 
initiating and guiding research in the frontier areas of Materials 
Science and Condensed Matter Physics. Applicants are requested 
to send their complete Bio-data along with list of publications, 
names of referees, expected minimum salary, etc. (six copies 
each) to the Registrar, Indian Association for the Cultivation 
of Science, Jadavpur, Calcutta 700032 within 24 March 1995. 
Permission of the present employers of the applicants for 
consideration of their applications by the Association, 
wherever necessary, should be furnished. The appointment 
may not be confined to applicants only. 

No. of posts: One. 

Scale of Pay: 

Rs 2200-75-2800-EB-100-4000/RS 3000-100-3500-125-5000. 

The post carries allowances as are admissible to the Central 
Government employees stationed at Calcutta. The total emolu¬ 
ments at the initial of the scale will be Rs 5358.00/7220.00. The 
starting basic will commensurate with the candidate's qualifica¬ 
tions and experience. 
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In this issue 


The search for the building 
blocks of matter 

This issue carries two articles on 
one of the oldest basic themes in 
physics - the effort to unravel 
the nature and behaviour of 
matter at smaller and smaller 
length scales, which implies 
higher and higher energy scales. 
The hope is that the search will 
reveal a reasonably small number 
of basic constituents as well as 
the laws governing their interac¬ 
tions, which include creation and 
destruction. K. V. L. Sarma’s 
article on ‘The ultimate constitu¬ 
ents of matter’ (page 605) is a 
broad overview, tracing the his¬ 
tory all the way up to current 
developments. A. Kshirsagar’s 
article ‘Discovery of top quark at 
Fermilab’ (page 599) focuses on 
a recent experiment which has 
excited particle physicists be¬ 
cause it suggests that one more 
piece can be fitted into the jig¬ 
saw puzzle. Perhaps the last such 
similar occasion occurred a little 


more than twenty years ago, 
when the so-called charmed 
quark made its presence felt 
in experiments, for which Ting 
and Richter later received the 
Nobel prize. It is worth noting 
that groups from Bombay and 
Chandigarh have also played a 
role in the large international 
collaboration at Fermilab. Both 
the articles are particularly 
timely because a confirmation of 
the top quark results with im¬ 
proved statistics was announced 
only weeks ago. 

R.N. 

Probing viral surfaces 

Monoclonal antibodies (Mabs) 
are exquisitely specific reagents 
for mapping the antigenic seg¬ 
ments (epitopes) of macromole¬ 
cules, particularly proteins. Their 
application as probes to the study 
of the surface topography of 
complex structures is best ex¬ 


emplified by work on viruses, 
which provide a remarkable ex¬ 
ample of self-organization in 
biology. Kekuda et al. (page 
611) review the use of Mabs in 
the study of plant viruses. Since 
the protein coat is composed of 
specifically organized subunits, 
the generation of epitopes that 
are characteristic of quaternary 
structure is a real possibility. 
This expectation is indeed borne 
out in studies of tobacco mosaic 
virus, where about half the 
antivirus Mabs are specific for 
quaternary structural features. 
The authors also point to the use 
of strain-specific Mabs in the 
classification of viruses. Clearly, 
the availability of antibodies that 
recognize appropriately struc¬ 
tured segments on the viral coat 
proteins should prove of im¬ 
mense value in dissecting the 
molecular events in the disas¬ 
sembly-assembly process. 


P. B. 
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Science in India: Vision and reality 


Pre-independence India was character¬ 
ized by rank poverty, ill health and so¬ 
cial inequalities; diseases were rampant 
and feudalism was the order of the day 
in almost all parts of the country and the 
arms of science and technology (S<&;T) 
had hardly reached the Indian Society. 
Obviously, the primary task of the 
founding fathers of free India was to 
mitigate all these miseries and to pro¬ 
vide succour to the dowmtrodden and to 
make the benefit of S&T available to the 
lowermost strata of the society. After 
independence, major efforts were made 
to remove poverty, illiteracy and un¬ 
employment, to control diseases, im¬ 
prove health and provide basic needs 
like drinking water, clothing, housing, 
etc. On the other hand, massive thrusts 
were made on industrialization, building 
gigantic dams to provide irrigation fa¬ 
cilities as well as electricity and also to 
control floods, etc. During the past few 
decades there has been a rapid progress 
in the field of atomic energy, space 
exploration, electronics, agriculture and 
medicine. Many things which were 
beyond the imagination of pre¬ 
independence India have become real¬ 
ity. Though India is in the forefront of 
the Third World group and third in. 
terms of S&T manpower in the world, it 
is still classified as a developing coun¬ 
try. Though we have made considerable 
progress since independence, there are 
still miles to go. 

It will be wrong to say that S&T in 
our country has failed, but, at the same 
time, it is also true that we have been 
suffering from complacency. There is 
ample need for introspection. It is true 
that S&T in our country has yet to per¬ 
colate down to a man in the street - a 
farmer in the field or a student in remote 
parts of the country - even after 48 


years of independence. One may ask 
why outstanding scientists like Sir C. V. 
Raman, Sir J. C. Bose, Prof. S. N. Bose, 
M. N. Saha could arise in the preinde¬ 
pendence era when public or govern¬ 
ment support to S&T was nil, while we 
failed to produce their counterparts de¬ 
spite phenomenal support from every 
part of the country. Another may ask 
why we do not have at least some of our 
universities holding their heads as high 
as Oxford or Cambridge. An attempt 
should be made to bring about a change 
in our S&T activities and to introduce a 
proper social work system that would 
carry the benefits of S&T in an equita¬ 
ble way to the lowermost strata of the 
society. So, at this moment we need a 
new tool of thought, a new dynamism 
and a new spirit of creativity. 

The general public is paying directly 
or indirectly for science. They pay taxes 
which go to support the universities, 
research laboratories and so on and so 
forth. So people have a right to know 
what is happening to their money. They 
want to see their basic needs like food, 
clothing, housing, employment, educa¬ 
tion, etc., tackled properly and fulfilled 
adequately as simple remedies are avail¬ 
able for years. At another level, they 
want to see the dependency on foreign 
technologies and the so-called aid 
shaken off and new technologies 
emerging from within the country, and 
our country assuming a leadership role 
in at least some selected areas of tech¬ 
nology. But in reality the gravity of the 
situation is far from being satisfactory 
and no one can say that these expecta¬ 
tions are illegitimate. Scientists should, 
therefore, not avoid their responsibility 
towards the development of the country. 
It is true that most scientists in the 
country are rather guilty of not worrying 


about the role of science in society. Of 
course, most of the scientists by no 
means find it easy, thanks to the bu¬ 
reaucracy and political interference. 
Even so, they have not, as a group, 
bothered about making use of scientific 
knowledge for improving the lot of the 
masses and the society in general. 

Innovations that could help in im¬ 
proving the quality of life of the rural 
poor lie rusting in the laboratories. 
There is so much relevant work already 
done which only needs to be extended 
by the CSIR to the rural areas. Today 
the priorities are being set up by the 
needs and desires of the top scientists of 
the coui\try. It is true that these are be¬ 
ing distorted and projects that would 
give international recognition are pre¬ 
ferred because they lead to personal 
advancement. As a result, great brains in 
scientific institutions in the country are 
spending their time tackling personal 
problems of peons and transferring 
people who they perceive as a threat. As 
a result, scientific work of high calibre 
is going on in extreme isolation. In fact, 
no new S&T is needed for improving 
the economic level of man. Whatever it 
has achieved in the past hundreds of 
years is sufficient to make man comfort¬ 
able, happy and contented. Today S&T 
can help only those who are capable of 
absorbing the fruits of their applications 
and in the case of our country there is a 
large number of poor people who are 
not capable of absorbing the benefits of 
S&T. 

The most unfortunate part of Indian 
S&T has been that during the last 8-9 
years its management has been in the 
hands of those with no idea of the reali¬ 
ties at the grass-roots level, although 
most of them have had a humble begin¬ 
ning. They have forgotten their past and 
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have been floating in air with no idea of 
ground realities. S&T should become a 
part of the life process, making it ever 
broader in outlook and subtle in feeling. 
This is the way the present real men of 
science are thinking. They want to free 
S&T from the domination of ambitious 
politicians and greedy capitalists and 
put them at the service of the poor and 
the needy. So efforts should be made to 
intensify the process of disseminating 
technology to the field and expose the 
scientific community to the rural areas 
so that the learning and unlearning 


processes can begin from both sides and 
should continue on a sustained basis. 
Only then can the scientists and tech¬ 
nologists understand how irrelevant 
their research work is. 

To sum up, it is necessary to change 
this dismal scenario. A new and com¬ 
prehensive science culture has to be 
cultivated - a new science movement 
where science would work for society 
and for the common man. The first step 
is to build a proper work culture where 
everyone, including students, teachers, 
scientists, science lovers, popularizers. 


professors, research scholars, and so on, 
begin to understand the importance of 
hard work. Let us remember that years 
ago Gandhiji said ‘India lives in villa¬ 
ges - if villages perish, India perishes’. 
This is the weakest link in our socio¬ 
economic claim of the country and, by 
and large, we have been oblivious of the 
needs and aspirations of the villagers. 

S. B. Kabiraj 

M G. Vidyalaya 
Japamali 

Bankura 722 143, India 


NEWS 

Jawaharlal Nehru Centre for Advanced Scientific 

Research - A tribute to the architect of modern Indian science 


The Jawaharlal Nehru Centre for Ad¬ 
vanced Scientific Research - JNC for 
short-was established in 1989 by the 
Government of India as part of the cen¬ 
tenary celebrations of Pandit Jawaharlal 
Nehru. Its campus has been created on a 
15 acre plot of land at Jakkur, gifted by 
the Government of Karnataka, on the 
northern outskirts of Bangalore. The 
dedication of the Centre to the nation 
was performed by Shri K. R. Narayanan, 
Vice President of India, on Saturday, 
4th March 1995. 

The objectives of the Centre include 
promotion of scientific research at the 
highest level in frontier and interdisci¬ 
plinary areas of science and engineer¬ 
ing, in a selective manner. It had also 
been planned, at the time of its found¬ 
ing, that the Centre would work in close 
academic cooperation with the Indian 
Institute of Science at Bangalore, a re¬ 
nowned institution of higher learning 
and research with well-established tra¬ 
ditions. Thus, while the two institutions 
are independent and autonomous, they 
have strengthened each others’ activi¬ 
ties, and to a considerable extent 
avoided duplication of efforts. 

Thanks to this link, the academic pro¬ 
grammes of JNC had begun already 
during 1989-90, even as the planning 


and construction of its own campus got 
under way. Aided by the advice and 
guidance of its Honorary Faculty 
(numbering about 50) drawn from the 
Indian Institute of Science and from 
several other leading research and 
teaching institutions all over the coun¬ 
try, a variety of academic activities have 
been launched. Prominent among them 
are a series of Discussion Meetings - 
numbering about 30 a year-where ac¬ 
tive research workers and students in 
specialized areas of science and engi¬ 
neering meet to exchange their results, 
review progress and initiate collabora¬ 
tions; and a Summer Research Fellow¬ 
ship Programme (SRFP). Several of 
these meetings have involved foreign 
participation at the level of international 
conferences, while others have been in 
the nature of extended schools. Already, 
approximately 20 volumes as Proceed¬ 
ings of various Discussion Meetings 
have been published. The SRFP aims at 
providing talented students in the sci¬ 
ences and engineering, at both senior 
undergraduate and postgraduate levels, 
an opportunity to be exposed to a re¬ 
search environment and work on current 
unsolved problems under the guidance 
of a faculty member of JNC or any other 
institution. This programme has become 


exceedingly popular and several thou¬ 
sand students apply for the forty odd 
Fellowships offered each year. In many 
cases, the skills and training received by 
students during the two months spent 
with a guide result in quality scientific 
publications and act as a great motivat¬ 
ing factor determining the students’ 
career and interests. 

The Annual Meetings of the Centre, 
held at Bangalore around November 
each year, provide a forum for all the 
Honorary Faculty and Faculty of the 
Centre to meet and have discussions on 
topics of current interest. A set of in¬ 
vited lectures by the Honorary Faculty 
is also arranged on these occasions and 
they are subsequently published as spe¬ 
cial issues of the Journal of the Indian 
Institute of Science. Four such issues 
have already appeared, and the fifth is 
under publication. To date, about 360 
research papers have been published by 
the Honorary Faculty and others asso¬ 
ciated with the Centre. 

A specialized Library has been cre¬ 
ated at the Centre, with a unique collec¬ 
tion of about 1100 books and reference 
volumes. Some 35 key journals are also 
being obtained. 

In step with building up its own fac¬ 
ulty, the scientific programmes of JNC 
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are getting established around a series 
of units devoted to selected broad areas 
of current interest and importance. Ap¬ 
pointments at the levels of Faculty Fel¬ 
lows and Senior Faculty Fellows in 
various areas have commenced. In addi¬ 
tion, several positions at postdoctoral 
level are also being offered. The units 
already functioning include those de¬ 
voted to biodiversity, chemistry and 
physics of materials, condensed matter 
theory and fluid dynamics, and labora¬ 
tories devoted to gene targetting, gene 
therapy and molecular parasitology, 
human genome, and computers. Re¬ 
search programmes on surface science 
and molecular electronics, nanomateri¬ 
als and carbon structures have also been 
started. The Centre is taking steps to set 
up a group working on the newly 
emerging area of complexity and com¬ 
plex systems. For this purpose, the 
Centre is in touch with the well-known 
Santa Fe Institute in the USA, to iden¬ 
tify suitable faculty for recruitment. 
While the total faculty strength of the 
Centre is intended to be compact, the 
areas of work are chosen with great 
care, keeping in mind current interna¬ 
tional trends and our own ability to 
contribute at the highest level in terms 
of quality. In tune with this, a small 
number of doctoral and masters level 
students are being selected to work for 
research degrees under the guidance of 
the Centre's faculty. For this purpose, 
recognition of the Centre by the Uni¬ 
versities of Poona, Mangalore and My¬ 
sore have been obtained. 

Even a relatively modestly sized aca¬ 
demic institution can contribute a great 
deal to the society in which it functions, 
especially through extension activities, 
and recognizing talent and providing 
timely and critical support. In this spirit 
the JNC runs a Visiting Fellowship Pro¬ 
gramme which enables research scien¬ 
tists in educational institutions and 
R&D laboratories to collaborate with 
the Centre’s faculty. On an average, 
some eight to ten such Fellowships are 
offered each year covering all the major 
areas of science and engineering. 

In cooperation with the Rajiv Gandhi 
Institute for Contemporary Studies, New 
Delhi, JNC administers a programme 
offering research grants to support 
young Ph D’s to try out innovative ideas 
in science and technology. These are 
one-time grants, essentially in the man¬ 
ner of providing seed money to encour¬ 
age those with promise. Around 100 
applications are being received each 


year for the half dozen or so grants 
which are available. 

In an era of shrinking support and re¬ 
sources, efforts to maximize the effect 
of each activity and to spread informa¬ 
tion and knowledge of science are es¬ 
sential. In this spirit, JNC has 
undertaken a programme of short-term 
courses at postgraduate and research 
levels, given at universities by small 
groups of the Centre’s faculty and their 
colleagues. The intention is to bring the 
audience rapidly up to date with current 
trends in specialized subjects, in a man¬ 
ner which saves time and which might 
otherwise never be achieved. There has 
been a good response to this pro¬ 
gramme, with some of the universities 
showing keen interest; the subjects cov¬ 
ered so far include quantum chemistry, 
organic, bio-organic and photochemistry 
and cosmology. Subjects for the future 
include chemical engineering and con¬ 
servation ecology. 

JNC has embarked on a publication 
programme to produce moderately 
priced educational monographs aimed at 
undergraduate as well as more senior 
students of science and engineering. 
These monographs try to introduce the 
reader to important recent areas of in¬ 
terest and activity, giving an overall 
survey and conveying the key concepts 
and facts in an easy manner, so that later 
study in greater depth and detail are 
facilitated. Monographs have already 
been published on superconductivity 
and on supercomputers. In the coming 
months, plans are underway to produce 
new ones devoted to chaotic systems, 
complexity, biodiversity, conservation 
ecology, genetic engineering, develop¬ 
mental biology, earthquakes, stars, at¬ 
mospheric phenomena and the monsoon, 
manufacturing systems, and fluid dy¬ 
namics. It is hoped that in addition to 
students, research workers and teachers 
in one area anxious to learn of other 
subjects distant from their owm will also 
find these monographs useful. At the 
same time, there seems to be a great 
need for literature of this kind, easily 
available to the academic community 
and lay persons alike, produced within 
the country, so that we need not learn of 
important developments almost exclu¬ 
sively from foreign sources. And it is 
indeed encouraging that writing in this 
genre is slowly acquiring quality and 
respect in the country today. 

On the international arena, JNC has 
taken several initiatives already. In co¬ 
operation with the International Centre 


for Theoretical Physics (ICTP) at Tri¬ 
este, Italy, and the Indian Institute of 
Science, Bangalore, a regional Associ- 
ateship Programme has been started at 
Bangalore. This will enable the Associ¬ 
ates of the Trieste Centre belonging to 
this part of the world - India, Pakistan, 
China, Sri Lanka, Nepal and Bangla¬ 
desh-totally around 150 of them, to 
visit Bangalore and initiate collabora¬ 
tive research with the Indian faculty and 
participate in Discussion Meetings, 
Schools and related activity. The Centre 
hosted the first Asia Academic Seminar 
on Molecular Science with the partici¬ 
pation of leading as well as young mo¬ 
lecular scientists of Asia. An Israel- 
India Workshop on Materials is being 
planned. There will be an international 
workshop on transition metal oxides 
with the support of ICTP, Trieste. A 
UNIDO workshop on organic synthesis 
had been arranged earlier with partici¬ 
pants from many countries. 

JNC is endeavouring to strike a bal¬ 
ance between its own scientific pro¬ 
grammes and activity and the various 
extension programmes outlined above. 
Intended to be a relatively small institu¬ 
tion, the areas of research to be pursued 
at the Centre are being chosen after 
much deliberation. In the course of 
time, the standing and reputation of the 
Centre will rest largely upon the quality 
of work carried out by its own faculty. 
As a counterpart to this, the Centre tries 
to act as a wise catalyst and source of 
selective support to the entire scientific 
community from which it ultimately has 
to draw its sustenance. In this role, it is 
essential to show the capacity for dis¬ 
crimination, the ability to discern qual¬ 
ity and the willingness to support it, and 
to strive always for excellence. The 
world of science is far more competitive 
today than ever before in its history, and 
to be in step with others, given the In¬ 
dian conditions, is an almost super¬ 
human struggle. It surely requires the 
cooperative and constructive function¬ 
ing of the gifted, wherever they may be 
in the country, always looking to the 
future and to the training of our best 
young minds. 

Pandit Nehru had a deep understand¬ 
ing of the various facets of human exis¬ 
tence, of history and of political forces, 
of economic problems and the need for 
development. His vision encompassed 
the whole world and viewed India as an 
important part of it, with its own par¬ 
ticular traditions and strengths. His de¬ 
votion to science was unquestioned - H 
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too have worshipped at the shrine of 
science’ - and he was sensitive to the 
character of scientific knowledge both 
as a part of human culture and as the 
base for technological applications. 
Added to ail this was a passion for 


quality in expression and achievement, 
an aesthetic sensibility which mani¬ 
fested itself in diverse ways. 

To become an institution worthy of 
such a splendid personality - that is the 
challenge before the Jawaharlal Nehru 


Centre for Advanced Scientific Re¬ 
search. 


N. Mukunda, Jawaharlal Nehru Centre 
for Advanced Scientific Research, 
Bangalore. 


COMMENTARY 

India 2015: A strategic perspective* 


K. Sundarji 


There are a number of theories that are 
being projected about the type of world 
order that is likely to prevail in the 
2000s. 

The demographic explosion 
model 

This model is based on the prolific 
black, brown and yellow races explod¬ 
ing inexorably, AIDS and other pesti¬ 
lences notwithstanding. The expectation 
is that the demographically high- 
pressure areas of Asia will expand into 
the low-pressure areas of the Americas, 
Australasia and Africa, and that genteel 
actions like amending immigration laws 
cannot control this type of influx, and 
the use of force, including weapons of 
mass destruction (WMD), might be re¬ 
sorted to. This would lead to revolu¬ 
tionary changes in the world order. 

The ecology-based model 

The ecology-based model, among other 
things, assumes that demographic ex¬ 
plosion would compound ecological 
disaster. Following from the aftermath 
of global warming, the ensuing world¬ 
wide drought and the submersion of 
large areas of coastal and island land 
mass would lead to a shortage of food, 
water, etc. These, it is expected, will 
lead to bizarre partnerships among na¬ 
tions and water wars, resulting in a 
drastic rewriting of the rule book. 


*Based on a Lecture delivered at the Dia¬ 
mond Jubilee Meeting of the Indian Acad¬ 
emy of Sciences on 2 December 1994. 


The powershift model 

The powershift model that Alvin Toffler 
describes in his book Powershift^ is 
postulated on the outcome of a totally 
new w'ay in which the world produces 
wealth and the comprehensive reorgani¬ 
zation which would be called for. 
Toffler compares this with the revolu¬ 
tionary changes that accompanied the 
shift from the hunting society to the 
agricultural society, and later to the 
industrial society. 

Model based on a clash of 
civilizations 

The model is based on the clash of civi¬ 
lizations, a theory that Huntington pos¬ 
tulates': He says of future conflict, ‘My 
hypothesis is that it will not be primar¬ 
ily ideological nor primarily economic. 
The great divisions . . . will be cul¬ 
tural ... The clash of civilizations will 
dominate global politics. The fault lines 
between civilizations will be the battle 
lines of the future.’^ He looks at civili¬ 
zations as Western Christianity, Ortho¬ 
dox Christianity, Islam, Confucian and 
Hindu. He anticipates a tactical accom¬ 
modation between the Confucian and 
Islamic civilizations. The Hindu is not 
so drawn to the Confucian-Islamic, and 
may be drawn towards the Western 
Christian. 

What models determine international 
relations during the 21st century is not 
fully relevant for any short-term fore¬ 
cast. We ought to extrapolate from the 
present, bearing in mind that major 
changes may occur later. The conclusion 
drawn by Lind, the Editor of National 


Interest, appears to be the best one to 
follow. He writes^ ‘ ... the world is not 
entering an era of harmonious global 
interdependence and genuinely liberal 
democracy. While the stakes will be 
lower, global competition will increase: 
geo-economic competition between the 
leading economic powers will interact 
in complex ways w’ith geo-political 
competition involving them with less 
prosperous but militarily significant 
great powers .... In the most advanced 
industrial nations, the new' catalytic 
state, by its very nature, will encourage 
the evolution of technocratic elitism, 
while in the newly marketizing great 
powers, such as Russia, China and In¬ 
dia, authoritarian legacies along with 
geo-political and developmental im¬ 
peratives will probably produce variants 
of plebiscitary or dominant party de¬ 
mocracy.’ 

World order 1995-2015 

During the period 1995-2015, the USA 
would be pre-eminent even in a multipo¬ 
lar world. We will have to assess USA’s 
aims and policies. We have to ‘guess¬ 
timate’ the aims and interests of China, 
Pakistan and India during the period. 

US aims and policies 

The ideal strategy would be under the 
leadership of the USA: 

• The USA and Russia, cut back their 
nuclear arsenal to 10% or less of 
their original leyels. 

• Ukraine, Kazakhstan and Belarus are 
denuclearized. 
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• Nuclear arsenals of China, Britain 
and France are capped. 

• All the five legitimates subject them¬ 
selves to a universal fissile material 
cut-off. They accept a non-discri- 
minatory comprehensive test ban 
treaty, and agree to ‘no first use’. 
They place their nuclear forces under 
UN control. 

• It is ensured that the UN Security 
Council is not hijacked by a big 
power or the coterie of a big power 
to subserve its parochial interests 
rather than the interests of inter¬ 
national justice, by stipulating that 
military force can be used under UN 
auspices only if four out of the five 
veto powers actually vote to do so. 
Legislation is needed to prevent any 
single country from commanding any 
UN force set-up to enforce such in¬ 
tervention. The Council should be 
prevented from being held to ransom 
by the unreasonable veto of any sin¬ 
gle country possessing the veto. The 
veto should be effective only if three 
out of the five veto powers use it. 

These steps would be a big forward 
movement towards confidence building 
in the world. It would not place the big 
powers totally at the mercy of small and 
perhaps irresponsible powers, nor would 
it subject totally the powerful minority 
to the Tyranny of the majority’ of weak 
nations. Without such an assurance, no 
agreement would be acceptable to the 
big powers, and we ought to be consid¬ 
ering only the possible and not the uto¬ 
pian for the present. 

Lind^ believes that the world’s lead¬ 
ing industrial democracies are restruc¬ 
turing themselves as catalytic states, 
while developing countries and ex¬ 
socialist states are abandoning com¬ 
mand economics. He writes, ‘World 
politics in the 21st century will be 
complicated not only by the rivalries 
between catalytic states, but by shifting 
combinations between catalytic states 
and those developmental states which 
remain or become great powers. In this 
world environment, the United States 
can attempt to pursue either a ‘neo- 
internationalisf strategy, forestalling 
geo-economic and geo-political rivalries 
among North America, Europe and 
Japan, or a ‘neo-nationalisf strategy, 
which would be more or less openly 
mercantilist and unilateral’. He goes on 
to state that because the US lacks the 
economic resources and political will 
for the former course, it is almost cer¬ 
tain to follow the latter strategy^ 


We cannot be sanguine about the 
USA adopting,a wise and statesman-like 
policy in setting an example with a 
drastic nuclear weapon run-down in the 
short haul, along with a credible prom¬ 
ise of working towards universal nuclear 
disarmament in the future. Though the 
USSR has disappeared, cold war strate¬ 
gic concepts in the USA are likely to 
take considerable time to change. The 
University of New Mexico’s Institute 
for Public Policy carried out a study in 
April 1994. This shows that after the 
end of the cold war among the general 
public, 54% believes that there is now 
an ‘increased likelihood’ of nuclear war, 
compared to only 28% who think that 
this danger has decreased. The per¬ 
ceived risk of nuclear proliferation, as 
seen by 63%, has also grown"*. I will, 
therefore, make the following assump¬ 
tions regarding the aims and policies of 
the USA for the period 1995-2015. 

• Avoid universal nuclear disarmament 
for as long as possible. 

• Keep the US nuclear stockpile level 
comfortably high, not only to reas¬ 
suringly ensure US security, but 
also for obtaining a domestic consen¬ 
sus. 

• Prevent any country other than Rus¬ 
sia from obtaining large-scale missile 
capability of reaching Continental 
United States (CONUS) with land- 
based ballistic missiles. 

• Keep the numbers and sophistication 
of Chinese ICBM as low as possible. 

• Keep the numbers and sophistication 
of Chinese, French and British nu¬ 
clear submarines (SSBN) as low as 
possible. Prevent new entrants to the 
SSBN club. 

• Ensure the maintenance and en¬ 
hancement of USA’s technological 
pre-eminence. 

• Prevent proliferation of WMD, local 
arms races and regional wars. 

• Retain the US freedom to use con¬ 
ventional forces to influence regional 
situations for safeguarding the US 
interests, without any threat to the 
forward-deployed US forces from 
WMD of regional powers. This is to 
be achieved by three means: first, by 
preventing the emergence of new re¬ 
gional nuclear powers; second, by 
nuclear deterrence, reinforced by 
protecting forward-deployed forces 
from regional nuclear attack by the 
deployment of Global Protection 
Against Limited Strikes (GPALS); 
third, by deterring chemical attacks 


from regional powers by retaining 
the right to retaliate with nuclear 
weapons; the last requirement would 
demand that the USA should not 
subscribe to a ‘no first strike’ doc¬ 
trine. 

I am also working on the assumption 

that any strategic planning during the 

next two decades will have to be based 

on the premise that: 

• The UN is unlikely to be strength¬ 
ened to the extent that it can so 
credibly, fairly and effectively police 
the world that nation states can dis¬ 
arm to any appreciable e.xtent. 

• Chemical and biological weapons 
may be banned by all nation states, 
but may be available to so-called 
freedom fighters, subversives and 
terrorists. 

• Space would be successfully kept 
free of deployed weapons. 

• Nuclear proliferation, at least to 
threshold status, would be inevitable 
in the case of states which have per¬ 
ceived threats to their security and 
which have the basic capabilities to 
produce or smuggle the wherewithal. 

• Nationalism w'ould still be strong in 
most parts of the world, with some 
regional groupings to safeguard their 
common economic and security in¬ 
terests. 

• Ethnic subnationalisms would strive 
for the formation of new states. Some 
of these forces, including terrorists, 
may get access to nuclear weapons or 
lethal fissile materials. 

• Forces, such as religious fundamen¬ 
talism, empires of narcotics and tran¬ 
snational mega firms that are 
presently outside the world regula- 

- tory bodies like the UN, etc., w'ill 
need to be brought into the system 
and regulated or otherwise dealt 
with. 

• A New International Economic Order 
(NIEO) is unlikely to come about 
without a good deal of resistance and 
a determined rearguard action from 
the first world. 


China’s aims 

It has been assumed that the following 
would be China’s aims for the period 
1995-2015: 

• As a large, populous country with an 
ancient civilization, China wants to 
be in the major league of world pow- 
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ers, by right and not by being ac¬ 
cepted grudgingly. With the volun¬ 
tary reduction of Russian and US 
nuclear stockpiles and the accelerat¬ 
ing improvement in the Chinese 
economy, becoming near-coequal in 
nuclear arsenals generally, if not yet 
in total military terms, is seen as 
feasible. 

•. Keep the number of nuclear weapon 
powers in the world restricted to the 
present five, but do not make com¬ 
mon cause with the USA in this re¬ 
gard, if it thwarts China’s ambitions 
of becoming gradually coequal. The 
enlargement of the nuclear club 
might serve China’s tactical aims of 
obtaining better leverage vis-a-vis 
the USA. 

• As India has explicitly accepted Chi¬ 
nese sovereignty in Tibet, and now 
that the USSR has disappeared, try 
and enlist India’s support in coping 
with the USA. 

Pakistan’s aims 

It has been assumed that the following 
would be Pakistan’s aims for the period 
1995-2015: 

• Maintain a ‘non-weaponized’ and 
'non-deployed’ minimum nuclear 
deterrent to counter India’s superior 
conventional power potential. 

• Resist all attempts to force it to sign 
the NPT, or accept ‘capping’ and 
‘roll back’ of its nuclear weapon ca¬ 
pability. It may claim that it would 
do so if India also goes along. This 
would be a bargaining ploy. 

• Be anti-India, and work for an early 
pro-Pakistan solution of the Kashmir 
problem by stepped-up sponsored in¬ 
surgency and international pressure. 
Only if after prolonged and frantic 
efforts they fail in this aim, and it 
also results in poor economic per¬ 
formance and domestic political tur¬ 
bulence, would a co-operative 
arrangement with India be consid¬ 
ered. 

India’s aims 

I have to assume certain national aims 
for 1995-2015. What does India want to 
be - a global player, a regional player or 
an inward-looking isolationist country? 
Notwithstanding India’s high expecta¬ 
tions of its future economic perform¬ 


ance, I believe that it neither has the 
wherewithal nor the intention to become 
a world power by 2015. It will not be 
isolationist either. 

What are India’s aims lik&iy to be re¬ 
garding the so-called North-South 
problems? Are these merely a hangover 
from colonialism and the ideological 
battles of the cold war, having no rele¬ 
vance in today’s global village with 
integrated world trade? If India decides 
that the developing countries do need to 
get a better deal from the developed 
ones, how altruistic is it prepared to be 
in struggling for it even if it hurts its 
national self-interest in the process? 
There may be a major threat to the 
country during a certain period or there 
might be none, depending upon how 
India answers these questions. I rather 
suspect that regional interests will reign 
paramount during this period. 

The following are India’s assumed 
aims that would have a direct bearing on 
threat perceptions: 

• India does not intend to liberate the 
areas of its territory that it considers 
wrongly occupied by China; it will 
decide to settle the question by a 
process of ‘give and take’. 

• India does not intend to liberate the 
so-called ‘Azad Kashmir’, currently 
occupied by Pakistan. 

• India does not rule out solutions of 
the Kashmir problem that accept its 
independence as part of a South 
Asian Confederation. 

• India believes that a loose South 
Asian Confederation of at least 
Bangladesh, Bhutan, India, Mal¬ 
dives, Nepal, Pakistan and Sri Lanka 
is a viable entity by 2015. 

• India believes that there is no w'ay by 
which a populous and poor third- 
world country like China, India or 
Pakistan can cope with the first 
world perpetuating the status quo, 
except by co-operating with each 
other. It does not mean that 
co-operation involves ganging up 
against the first world on principle. 

Threats to India 

The internal threats to India are from 
poverty, over-population and centrifugal 
forces. The external threats to India, 
both nuclear and conventional, from 
China and Pakistan; do not need to be 
elaborated upon. However, there is a 
need to take a look at some of the 


potential threats that might arise by 
2015. 

The potential proliferants in West 
Asia are Iraq and Iran. Saudi Arabia has 
nuclear missiles (sold by China) capable 
of reaching India, but as yet no offi¬ 
cially stated nuclear weapon ambitions 
or capabilities. In East Asia, the North 
Korean drive towards nuclear weapons, 
unless halted, would lead to a nu- 
clearized Korean peninsula. This and 
unbridled vertical proliferation by China 
might make Japan re-examine its nu¬ 
clear weapon policy. Any weakening or 
perceived weakening of USA’s extended 
nuclear deterrence in defence of Japan 
will almost certainly push Japan towards 
producing its own nuclear weapons and 
ballistic missiles. A possible proliferani 
is Indonesia; it might be driven by ver¬ 
tical proliferation by China, or horizon¬ 
tal proliferation in the Korean peninsula 
and Japan. If all this were to occur in a 
worst-case scenario, I am sure India 
would be generally uneasy, but is still 
unlikely to feel any big threat geopoliti- 
cally. 

Though looked at clinically, geo¬ 
politics may allay a sense of threat, psy¬ 
chological reasons may supervene and 
colour threat perceptions. Indian allergy 
to fundamental Islam, reinforced by the 
Chinese sale of missiles to Saudi Ara¬ 
bia, Iran, Pakistan, etc. would play a 
part. It would almost appear that Hunt¬ 
ington’s prophecy regarding the ac¬ 
commodation between the Confucian 
and the Islamic worlds is indeed being 
fulfilled. The maximum threat would 
appear to be from rabid fundamental 
regimes, with Iran leading the pack, and 
at the other extreme a non-fundamental 
Indonesia posing no threat at all on this 
count, as of the present. The surfacing 
of fundamentalism in Indonesia in the 
recent past and the rapid gains that it is 
making are certainly worrisome. 

India’s strategy 

India’s internal strategy would best be 
served by a strong dose of decentraliza¬ 
tion of powers from the Centre, not only 
to the states but also from the state 
capitals down to villages. Apart from 
removing a sense of alienation and 
bringing in people’s participation in 
development, it would be a strong check 
against all pervasive corruption. The 
people would feel the ill-effects of it 
directly as a tangible deprivation and 
not as something impersonal and aca- 
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demic, as is the case today. As regards 
poverty elimination, the best route ap¬ 
pears to be economic liberalization with 
a human face, and a socioeconomic 
safety net for the underprivileged. If 
government funding for education is 
concentrated on primary and vocational 
education, it would not only help pov¬ 
erty eradication but also population 
control. The population problem, ac¬ 
cording to some assessments, is no 
longer a major threat. Gowariker’s 
findings^ indicate that demographic 
transition in India has already set in, 
and is moving swiftly to its final stage. 
He predicts that India will reach the 
threshold of the net reproduction rate of 
1, within a decade from now. 

India’s external strategy should be on 
the following lines: 

• Adopt an unambiguous doctrine of 
nuclear minimum deterrence, even if 
unweaponized and undeployed, as 


long as we are capable of executing a 
second strike within a reasonable 
period of time, on any adversary who 
has used nuclear weapons against us. 

• Maintain adequate conventional 
forces, but work towards their mutual 
reduction vis-a-vis both China and 
Pakistan. 

• Even such reduced conventional 
strengths would be adequate to im¬ 
pose an unacceptably high price for 
any US attempt to target India like 
Iraq, provided the Navy is strength¬ 
ened towards this end. Statistical 
doubts continue to exist about a leak- 
proof GPALS in the context of for¬ 
ward-deployed US forces and an In¬ 
dian missile second strike on them. 

• Apply relentless diplomatic pressure 
on the five authorized nuclear 
weapon powers to drastically reduce 
their nuclear stockpiles and place 
their nuclear forces under UN control 


for the time being till universal nu¬ 
clear disarmament becomes a feasible 
proposition. 
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State of Indian R&D in a competitive world 


D. Mukesh and S. Bhaduri 


Scientific activity in the world has ap¬ 
proximately doubled every fifteen years 
for the past three centuries^ The num¬ 
ber of publications emerging from 
the technological community is awe¬ 
inspiring. Every working day, approxi¬ 
mately 5000 scientific papers are 
published and 1000 patents are issued 
throughout the world. The present score 
is 11 million papers and 6.4 million 
patents in the chemical field, as reported 
by Chemical Abstracts from 1967 and 
Derwent World Patent Index from 1963, 
respectively. Papers and patents are 
considered as the tangible output of a 
science and technological institution. 

The ramifications of this avalanche of 
technical knowledge are enormous and 
present themselves at every level of 
research management. At the policy 
level, it is obvious that the ability of 
nations to retain a leading economic 
position is closely tied to their technical 
and scientific capability. Nations should 
work for a large productive research 
enterprise with the potential to continue 
providing the country with unique ad¬ 
vantages in both creation and assimila¬ 
tion of new scientific and technological 


knowledge. This is largely a product of 
decades of generous funding by various 
agencies. 


Similarly, at the corporate level, with 
the present open economy and interna¬ 
tional competition, an Indian company 
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Figure 1. Log-log plot of total patents filed and total papers published by 11 multina¬ 
tional chemical companies. 
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cannot hope to survive today without a 
strong base in science and technology. 
Historically, the practices of Indian 
industries suited the restrictive indus¬ 
trial policies, protectionism and subsi¬ 
dies. Industries generally operated old 
and inefficient processes. Also, lenient 
Indian patent laws and absence of 
proper protection for intellectual prop¬ 
erty rights had meant that clever 
entrepreneurs copied the formulae, 
technologies and products of others 
without paying a patent fee. Access to 
international markets would mean high- 
quality products and operating efficient, 
up-to-date and competitive technolo¬ 
gies. This will involve a considerable 
sum of resources for research and de¬ 
velopment. 

The competitiveness of our Indian in¬ 
dustries in the international market can 
be improved only by strengthening the 
scientific and technological base, and 
also operating with full awareness of all 
the research activities progressing 
around the w'orld. In this paper we dis¬ 
cuss the following: 

1. The interrelation of science and 
technology as seen from papers pub¬ 
lished and patents filed by 11 large 
multinational chemical companies. 

2. The performance of the Indian sci¬ 
entific community in the chemical 
field over the past decade, and how 
they compare with the industrialized 
and emerging countries. 

3. Research and development (R&D) 
expenditure and contribution of the 
Indian industries towards this ex¬ 
penditure. 

4. Lessons we should learn from these 
findings. 

'fhis paper is a detailed investigation of 
the commentary on science and tech¬ 
nology in India, published in Current 
Science'. 

Interrelation of science and 
technology 

A strong science base is essential for 
achieving technological success and 
breakthroughs. The latter cannot be 
accomplished without the former. This 
is also true in industrial R&D. Figure 1 
plots the total number of patents filed as 
against the total number of papers pub¬ 
lished between 1967 and 1993 by 11 
US, UK, German and Japanese multina¬ 
tional companies (Monsanto, Hoechst, 
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Table 1. Papers published in the chemical literature (data from 
Chemical Abstracts) 



Percentage share 
in 1993 

Position 
in 1993 

Percentage increase in 
share from 1983 to 1993 

USA 

28 

1 

1.1 

Japan 

13.3 

2 

2.7 

Germany 

7.5 

3 

0.2 

UK 

5.7 

4 

-0.1 

Russia 

5.4 

5 

- 

France 

4.7 

6 

0.6 

China 

4.3 

7 

2.2 

India 

2.6 

9 

-0.4 


Glaxo, BASF, Ciba-Geigy, Unilever, 
ICI, Dupont, Union Carbide, Nova and 
Sumitomo). The data were collected 
from Chemical Abstracts and Derwent 
World Patent Index. Surprisingly, the 
data fall on a smooth upwardly rising 
curve. An increase in the number of 
papers published leads to an increase in 
the number of patents filed, initially in a 
linear fashion, and beyond a certain 
value, in a sharply rising manner. Also, 
there are no data points on the top left- 
hand side of the plot. ' 

Two very important conclusions can 
be reached from this graph, and they 
are: (1) a strong science base is essential 
for generating inventions with true 
technological potential, hence leading to 
achieving technological success, and (2) 
a big jump in the ratio of patents filed to 
papers published can be achieved only 
after publishing a large number of pa¬ 
pers. These can be achieved only by 
nurturing a science base over a long 
period of time. 

Pharmaceutical companies in India 
which may be affected by intellectual 
property rights (IPR) have suddenly 
started infusing large sums of funds for 
R&D to achieve quick breakthroughs in 
the form of patentable drugs. They have 
to bear in mind that it may not be pos¬ 
sible to compete with multinational drug 
companies, which have been having a 
long history of R&D programmes and 
science bases of substantial capability. 
Pharmaceutical companies in India 
should take a long-term view and 
commit resources to nurture and 
strengthen selected areas of the science 
base if they truly intend to maintain a 
modicum of independence and acquire 
some measure of competitiveness. 

The state of Indian R&D and how it 
compares with other countries must be 
viewed with a clear appreciation of the 
above information, viz. that a strong 


relationship exists between science and 
technology and a strong science base is 
a prerequisite for technological suc¬ 
cesses. 

Chemical literature 

As reported^ in Chemical Abstracts, the 
total number of papers published in the 
chemical literature increased by 20.8% 
from 1983 to 1993. Table 1 gives the 
present position of various countries, 
their percentage share and how' they 
fared over the past decade. USA is at 
the top of the list. India ranks 9th, wnth 
11,700 papers. The percentage share has 
dropped by 0.4% in the past ten years, 
which should be taken very seriously. 
India has the distinction of having the 
fifth largest work-force employed in 
S&T, but still the output in the chemical 
field from the universities and industries 
is poor. China ranks 7th in the list of 
publications, with a growth of 2.2% 
during the same period. 

Based on papers published between 
1988 and 1992 in pure chemistry and 
multidisciplinary journals like Science 
and Nature, USA tops the list for the 
number of citations per paper, with Is¬ 
rael and Japan holding the second and 
sixteenth positions, respectively. India 
does not find a place in the top twenty, 
which does not translate well for the 
quality of the papers published. 

Chemical patents filed in USA 

The total number of patents registered 
in USA from 1983 to 1993 increased by 
5% (Table 2). USA once again tops the 
list. Emerging Asian economies like 
Taiwan and S. Korea occupy the 11th 
and 13th positions, respectively, with an 
increase of 34% and 42% in the past ten 
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Table 2. Patents filed in USA 



Percentage share 
in 1993 

Position 
in 1993 

Percentage increase in 
share from 1983 to 1993 

USA 

52 

1 

4 

Japan 

22 

2 

9 

Germany 

8 

3 

3 

France 

3.3 

4 

5 

UK 

2.9 

5 

2 

Taiwan 

0.48 

13 

34 

S. Korea 

0.53 

11 

42 

Israel 

0.34 

15 

11 

India 

0.01 

>20 

0 


years. Israel holds the 15th position, 
with an increase of 11 % in the same 
period. 

The performance of India is miserable 
and discouraging. Its share of patents 
filed in USA in 1993 is only 0.01%, 
with practically no growth in the past 
decade. The total number of patents of 
Indian origin filed in USA from 1967 to 
1993 is only 62 and, filed internation¬ 
ally is only 290. High cost is given as 
one of the reasons by the Indian R&D 
community for not filing an interna¬ 
tional patent. Filing a patent abroad 
costs from Rs 75,000 for a USA 
patent to Rs 80,000 for a Japanese pat¬ 
ent and Rs 1,70,000 for an European 
patent. 

The total number of patents of Indian 
origin filed in India is 3457. Indian 
patent laws allow filing of patents even 
for process improvements, while the 
industrialized economies allow only 
product patents. Both the approaches 
have several advantages and disadvan¬ 
tages'^. Interestingly, the number of In¬ 
dian patents in force in India has fallen 
to one-third in the past decade, because 
of the absence of protection of IPR and, 
hence, little incentive for doing re- 
searchf 

R&D expenditure 

Table 3 compares the total R&D ex¬ 
penditure as percentage GDP for several 
countries^. Japan heads the list with an 
expenditure of 2.85% and, India, hardly 
0.91%. S. Korea, one of the emerging 
eastern economies, spends 1.63% on 
R&D. India has a very large work-force 
employed in research, which means that 
the limited resources are spread very 
thinly. Also, 50% of this budget is spent 
on R&D related to atomic energy, space 
and defence. 


Contribution by industry 

In USA and Japan, more than 70% of 
the total R&D expenditure is borne by 
the industries and the remainder by the 
government^. In India we see a reverse 
picture (Table 4). In spite of 100% tax 
rebate offered by the government, In¬ 
dian industries hardly contribute 25% of 
the total R&D expenditure (another 
source^ states that the Indian private 
sector contributes only about 13% to the 
total R&D expenditure of the country). 
Also, American chemical companies 
spend 3-5% of their sales on R&D and 
Indian private industries spend less than 
0.8%. The record of Indian private sec¬ 
tor firms in the introduction of new 
products and processes that have come 
out of indigenous research is very poor^. 

Major American chemical industries 
allocate^ their R&D funds for basic and 
applied research, technical services, 
process and product development in the 
ratio of 5:20:20:20:35. Indian indus¬ 
tries, on the other hand, use their R&D 
funds primarily for technical services 
and quality control. 

There are several ways available to 
reduce the R&D budget, such as con¬ 
tracting projects to universities and in¬ 
dependent labs, offshore acquisition of 
technological assets that are cheaper, 
development of ad hoc alliances with 
other companies and with other research 
facilities (especially in the area of envi¬ 
ronment, safety and energy conversion) 
and greater interaction with national 
labs. Indian industries may have to 
adopt some or all of these methods to 
improve their R&D base. 

Another problem which is ailing the 
Indian R&D is poor research manage¬ 
ment. Managing a production or a 
manufacturing site is much easier than 
managing research, since the tasks and 
remits of the former operations are well 


Table 3. Total expenditure on R&D as 
percentage of GDP (1988 data) 


Japan 

2.85 

USA 

2.66 

Germany 

2.79 

France 

2.3 

Netherlands 

2.32 

S. Korea 

1.63 

India 

0.91 


Table 4. Industries’ contribution as per¬ 
centage of the total expenditure on R&D 
(1990-1991 data) 

Japan 

75 

USA 

72 

Canada 

50 

UK 

68 

Italy 

58 

India 

23 


defined. Research management involves 
an appreciation and understanding of 
the company’s short- and long-term 
technical plans and developing the re¬ 
search programme accordingly. Poor 
R&D management does not manifest 
itself immediately, unlike the former, 
but causes, long-term damage. Hence, 
incompetence in R&D management goes 
unpunished. 

Conclusions 

The most important finding from our 
study is that a strong and long-term 
science base is essential for achieving 
technological successes. This is very 
clearly detected from the papers pub¬ 
lished and patents filed by eleven large 
multinational chemical companies. This 
figure also warns the Indian companies 
that they cannot hope to achieve quick 
R&D successes by suddenly injecting 
large sums of money. 

India has been spending far less on 
R&D, and, in addition, with a very large 
work-force, the funds are spread thinly. 
The poor performance of Indian R&D 
work-force is reflected from the number 
of papers published and international 
patents filed in the chemical field over 
the past twenty-five years. The percent¬ 
age share of papers published in the 
chemical literature has dropped by 0.4% 
in the past decade, while the number of 
international patents filed is dismal. The 
latter has arisen because of the lenient 
Indian patent laws and the shelter and 
protection enjoyed by the Indian indus- 
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tries. Also, the lack of protection to 
intellectual property has led to blatant 
copying of processes with impunity, and 
hence failure to nurture research skills. 
Multinationals operating in India are 
also hesitant to bring newer technolo¬ 
gies because of these reasons. 

In spite of the tax concessions, Indian 
industries have so far hot shared the 
burden of the R&.D expenditure. Poor 
R&D management and short-term goals 
have led them to spend less on R&D. 

Although this paper covers only the 
chemical literature, a similar picture 
may emerge if a corresponding study is 
carried out on R&D in other branches of 


science. The watch-dogs of Indian 
R&D, namely, the Department of Sci¬ 
ence and Technology and the Depart¬ 
ment of Scientific and Industrial 
Research should be carrying out regular 
studies on the performance of Indian 
R&D, vis-a-vis the international scene, 
to help the science planners and manag¬ 
ers to give better focus to the efforts of 
the scientific community. 
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Decline of blackbuck (Antilope cervicapra) in an 

insular nature reserve: The Guindy National Park, Madras 


T. R. Shankar Raman, R. K. G. Menon and R. Sukumar 


Based on the equilibrium theory of 
island biogeography', conservation bi¬ 
ologists have predicted that insulariza- 
tion of nature reserves would lead to 
extinction of several species occurring 
within the reserves^""*. Some species are 
more likely to go extinct than others for 
a variety of reasons^. A classic example 
of such extinction in insular habitats is 
that of many bird species on Barro 
Colorado, which became an island in 
1910 during the creation of the Panama 
Canal^. It is generally believed that 
small, insular reserves will need active 
management if specific conservation 
objectives have to be met. 

Along with Selvakumar^, we (RKGM 
and RS) have been making general 
ecological observations in Guindy Na¬ 
tional Park (GNP), Madras, since 1974. 
A more systematic study was begun in 
1991. During this period the park has 
shrunk in size and enclosed by a wall, 
the vegetation has undergone qualitative 
changes, while the population of black- 
buck (Antilope cervicapra), an endan¬ 
gered antelope endemic to the Indian 
sub-continent, has declined considera¬ 
bly. While the detailed results of our 
observations are being reported else- 
where^ here we highlight briefly the 
need to take urgent management action 
if the species is to be saved from its 
precarious position in the park. 


Once covering an area of about 
500 ha of one of the last remnants of the 
tropical dry evergreen forest of the 
Coromandel coast^ (now reclassified as 
the Albizia amara Boiv. Community'°), 
the GNP was established as a Reserve 
Forest in 1910. It now occupies an area 
of only 270 ha, walled off since the late 
1980s from the adjacent Raj Bhavan and 
Indian Institute of Technology (IIT) 
campus. At least 350 species of flower¬ 
ing plants are found here (C. Living¬ 
stone pers. commun. and RS pers. 
observ.) in addition to about 150 spe¬ 
cies of birds" (V. Santharam, pers. 
comm.) and several species of low'er 
plants, invertebrates, fishes, amphibi¬ 
ans, reptiles and mammals. The park has 
been regarded in the past as one of the 
native strongholds of blackbuck, al¬ 
though it is also popular for its sizeable 
population of chital or spotted deer 
(Axis axis) which was introduced into 
the park'" probably less than 50 years 
ago. 

Trends in blackbuck and chital 
populations 

Our studies of the blackbuck and chital 
populations here during the 1970s were 
based on total counts^ and sample 
counts using belt transects'for esti¬ 


mating population sizes, keeping rec¬ 
ords of population structure (age and 
sex class of animals) and, in the case ot 
blackbuck, territoriality in males. Dur¬ 
ing 1991-92 we used the statistically 
more robust line transect sampling'^ to 
obtain estimates of population density 
and size, in addition to information on 
population structure, habitat use and 
territoriality^ Classification of animals 
was based on Schaller'^, Mungall'' and 
Selvakumar^. 

During 1975-80, censuses conducted 
under the auspices of the Forest De¬ 
partment using volunteers and natural¬ 
ists (including two of us, RKGM and 
RS) gave an average population of 295 
blackbuck (unpublished records) for the 
combined GNP and Raj Bhavan areas. 
In 1979, a ‘total count’ gave a figure of 
260 blackbuck^ which can be considered 
as a minimum number as some animals 
would have been missed due to poor 
visibility in denser vegetation. Sample 
counts during 1981-82 by Menon*"' 
gave an average figure of 333 blackbuck 
for this area, which may have been a 
slight overestimate'''. These observa¬ 
tions indicate that at least 250 black¬ 
buck were present in GNP and Raj 
Bhavan during 1975-82. 

In contrast, the line transect estimate 
during 1991-92'was 22.9 (±4.1, 95% 
Confidence Interval) blackbuck/km“ in 
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GNP or a population of 85 (±15; 95% 
Cl) animals in GNP and Raj Bhavan. 
Clearly, the blackbuck population has 
declined by about 75% since 1975-82. 
There have also been other obvious 
demographic changes reinforcing our 
view of a declining population. The 
proportion of sub-adult males in the 
total population was 23.5% during 1979 
(ref 7) but only 4% during 1991-92 
indicating poor recruitment. The pro¬ 
portion of sub-adults and fawns of both 
sexes declined from 13.2% in 1991 to 
6.3% in 1992. 

The chital population, on the other 
hand, has remained relatively stable or 
even increased over this period. An 
estimate^ in 1979 gave a minimum of 
360 animals for GNP and Raj Bhavan, 
while sample counts by Menon (1982) 
during 1981-82 gave an average density 
of 200 individuals/km^ or a total popu¬ 
lation of 540 animals for GNP. By com¬ 
parison, our line transect estimates gave 
mean densities of l85.4/km^ (±29.3, 
95% Cl) during 1991 and 239.2/km^ 
(±37.2, 95% Cl) during 1992 in GNP, 
an increase which is statistically signifi¬ 
cant (z = 2.22, p < 0.05). 

Causes for decline of 
blackbuck 

We believe it is useful to explore some 
causes for the decline of the endangered 
blackbuck in spite of some of these be¬ 
ing indirect or speculative for the pres¬ 
ent. 

Changes in grassland habitat 
and territorial grounds 

The blackbuck is primarily a species of 
open grassland habitat^One such 
major habitat at GNP is the Polo Field^ 
in which daily counts indicated the 
presence of 60-80 blackbuck, along 
with 10-20 males, of which 5 regularly 
held territories, during 1977-79 
(RKGM, unpublished data). Since that 
period, the field was overrun by weedy 
plants (such as Prosopis Jidiflora, Cas¬ 
sia tor a, C. occidental is, Croton bon- 
plandianiis and Sida cordifolia) and tree 
saplings of Cassia fistula and Borassus 
fabellifer. During 1991-92 a maximum 
of only 29 blackbuck was seen on the 
Polo Field. Similarly, in 1991 only 2 
territorial males were observed in this 
field. Such changes also occurred in 


other grassland areas. The deterioration 
of the grassland habitat combined with 
the fact that non-territorial males rarely 
reproducemay have contributed to a 
decline in the fertility of the population. 
Similar changes occurred in other 
grassland areas. 

Other vegetational changes 

In the understorey, shrubs such as 
Clausena dentata and Glycosmis mau- 
ritiana are now denser and grown about 
1-2 m taller than during the 1970s (RS, 
personal observations). One possible 
reason for this is a change in nutrient 
cycling caused by the influx into the 
park of 35 tons (dry weight) .of biomass 
every year or a total of 525 tons (nearly 
200 tons/km^) over a 15-year period, 
provided as fodder for deer by the For¬ 
est Department. Concurrently, wood 
poaching has declined considerably 
after the park was walled off 

Competition from chital 

Blackbuck very rarely feed on the grass 
provided. However, the provision of 
artificial fodder has resulted in lowering 
fawn mortality rates in chital as seen 
from a comparison during 1991 (when 
no fodder was provided) and 1992 
(when fodder was given). This com¬ 
bined with a better adaptability of the 
introduced chitalmay be exerting 
considerable competitive pressure (for 
both space and food) on the blackbuck. 
Chital herds of 50-100 individuals have 
been observed to crowd into the Polo 
Field during the wet season and physi¬ 
cally disrupt feeding of blackbuck herds 
and territorial behaviour of male black¬ 
buck, a phenomenon not seen during the 
1970s. 

Reduction in genetic viability of 
blackbuck population 

Although very speculative at this stage, 
the decline in blackbuck population due 
initially to ecological reasons could 
have accentuated through a reduction in 
the genetic viability of the population. 
Both the small population size and 
breeding by only a few males (the adult 
sex ratio is about 1 male to 5 females) 
would result in a small genetically 
effective population size (we estimate 
this to be only 26 during 1991-92). This 


is much below the minimum believed 
necessary to counter inbreeding depres¬ 
sion even in the short-term^°. 

Management recommendations 

In order to maintain a stable and viable 
population of blackbuck in the park we 
suggest the following management ac¬ 
tion. 

(a) Allow natural mortality of chital by 
stopping or phasing out artificial 
feeding and the shooting of dogs. 
Some chital may also have to be 
removed to zoos or other places. 

(b) Maintain the grasslands such as the 
Polo Field as open areas for black¬ 
buck. Acacia. auriculiformis has to 
be removed from open areas where 
it has been planted. Other invasive 
exotics such as the cactus Cereus 
peruviana and Antigonon leptopus 
can be cleared from the scrub jun¬ 
gle they are invading. 

(c) Sub-adult male blackbuck from the 
adjoining IIT campus (once con¬ 
tiguous with GNP) may be intro¬ 
duced into GNP. At a later stage 
blackbuck from other areas can also 
be introduced (after appropriate 
screening) in order to widen the 
genetic base and prevent inbreed- 

(d) The ecology of the park should be 
closely monitored. 

Our long-term observations suggest that 
active and ‘adaptive’ management of 
small, insular reserves such as GNP, 
rather than a laissez faire approach, may 
be needed to prevent extinctions of vul¬ 
nerable species. 
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Learning lessons from Israel 


We are living at a momentous time in 
human history. Not only is knowledge 
advancing at an unprecedented pace, but 
sworn enemies have learnt to live to¬ 
gether as brothers - the Germans and 
the French, the whites and blacks in 
South Africa, the Israelis and the Pales¬ 
tinians who entered into an agreement 
for mutual recognition on September 13, 
1993. Recently I was in Israel for five 
days - five of the most educative and 
rewarding days of my life. 

Nations and civilizations have per¬ 
ished through affluence; but no nation, 
no civilization, has died of adversity. 
Nations, like individuals, evolve 
through suffering; and are provided to 
do their best by hardship and distress. 
The holocaust killed six million Jews - 
more than the entire present population 
of Israel. 

In 1948 Israel was a barren desert, as 
a large part still is ~ and the inhabitants 
endured for years the trials and tribula¬ 
tions arising from acute scarcity of wa¬ 
ter. But with hard work and highly 
developed technology, the Israelis have 
made the arid wasteland no\v blossom 
like a garden. They have become past 
masters in the modern techniques of 


Reprinted with permission from J. Geol. 
Soc. India, vol. 44, Dec. 1994. 


irrigation of recycling sewage water, 
refurbishing pipelines, desalinating and 
transporting large quantities of water, 
and expanding practical research in 
potential water sources. They are pro¬ 
ducing vegetables and fruits which are 
sold to the less industrious peoples who 
inhabit the far more fertile countries of 
Europe. Israel estimates that in two dec¬ 
ades the population of the Middle East 
will double, and the demand for water 
in the region will increase by approxi¬ 
mately one billion cubic meters per 
year. Israel is well geared to meet the 
challenge. The ‘Rio Declaration’, rati¬ 
fied by the United Nations Conference 
on Environment and Development in 
June 1992, called for a global partner¬ 
ship of governments and nations for the 
common cause of protecting the envi¬ 
ronment. Israel has already started liv¬ 
ing up to the Declaration. As a nation, it 
has reached a stage of evolution which 
holds significant lessons for India. 

Admirably equipped 

President Mitterand said, Tn future a 
nation’s power will depend less on its 
financial wealth than on its grey matter’. 
By this test, Israel is admirably 
equipped to enter the 21st century. The 


tiny country is studded with eight uni¬ 
versities for higher learning, and has 
achieved hundred per cent literacy 
(barring some recent immigrants). 

Israel is to India what quality is to 
quantity. The territory of Israel extends 
to 27,817 sq. km. - less than one hun¬ 
dredth of India’s 3.3 million sq. km; 
while its population is only 5.3 million 
(less than half the population of Bom¬ 
bay), against our 900 million. But its 
exports for last year totalled $23 billion, 
against India’s $22 billion. 

Israel is a truly egalitarian society, 
while India continues to proclaim itself 
to be, and even largely conducts itself as 
a socialist state. The Kibbutz is a laud¬ 
able institution unique to Israel. The 
members of a Kibbutz own and enjoy 
their prbperty jointly and each person 
gets what he needs from the common 
property and income of the Kibbutz. 
There are only 125,000 members in the 
270 Kibbutzim which are in operation 
today. They represent a very small per¬ 
centage of Israel’s population, but they 
are responsible for 35 per cent of the 
agricultural produce and eight per cent 
of the manufactured articles. Commu¬ 
nism, which is based on the same ideol¬ 
ogy, has failed hopelessly because it 
coerces and tyrannizes people into ac¬ 
cepting common ownership. By con- 
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trast, Kibbutzim succeed because work¬ 
ers are free to leave at any time. 

The Hindu undivided family is no 
different, in its concept, from the Kib¬ 
butz. In a joint family the members own 
the family property jointly and the karta 
is expected to satisfy the varying needs 
of the different members. Today, unfor¬ 
tunately, the Hindu undivided family 
has become merely a device for reduc¬ 
ing or avoiding tax; and thus the noble 
concept has been debased. 

The ultimate resource of any state is 
the character of its citizens, and it is in 
this resource that Israel is so rich. No 
other nation has been known to defeat 
so many enemies in just six days against 
overwhelming odds as Israel did in the 
1967 war. 

Family’s donation 

A single Jewish family, the Rothschilds, 
donated to Israel the total cost of the 
magnificent building which houses the 
Supreme Court in Jerusalem. It is one of 
the most imposing structures in that city 
and is kept spotlessly clean. An impar¬ 
tial and well-selected committee 
chooses the Supreme Court judges with 
great care and purely on considerations 
of merit and calibre. No wonder that the 
judges command the respect and admi¬ 
ration of the entire population, Jewish 
and Arab alike. The dignity and deco¬ 
rum with which the legal proceed¬ 
ings are conducted makes you recall, 
nostalgically, the atmosphere which 
used to prevail in our own Supreme 
Court in the first two decades of our 
republic. 


Nine million Jews live outside Israel. 
Quite voluntarily and out of a sense of 
moral duty, a large number of them send 
a percentage of their annual contribu¬ 
tions to Israel. Contrast that with non¬ 
resident Indians. Fifteen million of them 
live outside India, and their accumu¬ 
lated wealth is conservatively estimated 
at $100 billion. Have you heard of any 
of them sending a voluntary contribu¬ 
tion to the Indian exchequer? Perhaps 
the explanation is to be found not in 
their lack of patriotism but their distrust 
of our corrupt and inefficient admini¬ 
stration. 

But the most important lesson which 
Israel has to teach us is in the field of 
foreign relations. We have only one 
State across the border whom we regard 
as our enemy - Pakistan. The politicians 
in each of our two countries have a 
veritable obsession about their neigh¬ 
bour. The relations between the two 
countries are in as decrepit a condition 
as Jinnah’s house in Bombay, which we 
will neither use, nor have the decency to 
keep in a proper state of maintenance 
befitting the founder of a neighbouring 
country. 

Israel has four neighbours who were 
once upon a time its deadly enemies- 
Egypt, Jordan, Syria and Lebanon. But 
wise statesmanship has effected a 
transformation. Old, unhappy, far-off 
things and battles long ago have been 
consigned to the waters of Lethe. The 
Government of Israel and the PLO have 
reached a compromise based on a Dec¬ 
laration of Principles. An agreed proc¬ 
ess of negotiation between Israel and 
Jordan will soon bear fruit. The Jews 
have already started friendly talks with 


Syria and Lebanon and are firmly ad¬ 
vancing towards an era of enduring 
peace in the Middle East. 

Major premise 

The inarticulate major premise on which 
Israel’s foreign policy seems to be based 
is that the superior power would be well 
advised to extend the hand of friendship 
to its neighbours, instead of whining 
complaints or displaying arrogance. 
After all, India and Pakistan are cul¬ 
turally akin, linguistically knit, geo¬ 
graphically close and historically 
related. Are there no statemen in India 
and Pakistan who, instead of misguiding 
and exploiting ‘the mass man’, are keen 
to bring the two benighted countries 
together for their common develop¬ 
ment? Are there no statesmen in our 
region who, taking a leaf out of Israel’s 
book, can initiate the process which will 
translate into reality Sri Aurobindo’s 
vision of India and Pakistan coming 
close together and standing united? 

General Omar Bradley said, ‘Ours is a 
world of nuclear giants and ethical in¬ 
fants. We know more about war than we 
know about peace, more about killing 
than we know about ‘ living. We have 
grasped the mystery of the atom and 
rejected the Sermon on the Mount’. 
It would be the greatest day in the 
history of our republic when India, with 
its priceless cultural heritage, disproves 
this dictum, as Israel has already done. 


Nani A. Palkhivala 
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Should Israel manage Gujarat’s waters? 


S, K Gupta and P, Sharma 

Failure to harness our water resources effectively despite having spent considerably has resulted in some state gov¬ 
ernments opting for the help of Israeli consultants in this vital sector. The main cause of our investment not yielding 
desired results, in contrast to the Israeli success, is the inadequate attention that innovation and research have so 
far received in this field. 

Sustainable solutions can come only by providing appropriate support to our scientists and engineers to search 
for innovative solutions to the various water problems. Conservation, renovation and reuse of water in harmony 
with our socioeconomic and environmental constraints should form the basis of such an approach. 


Since the 1970s, Israel has earned a 
name for its well-managed modern 
technological base in water resource 
development by making the Negev des¬ 
ert and other arid parts to bloom. Ra¬ 
jasthan and Gujarat governments are 
now wooing Israeli expertise in water 
resource management. It has seen it 
prudent to ask the Tel Aviv-based firm, 
Tahal Consulting Engineers Ltd., to 
draw up a comprehensive long-term 
plan for development of water resources 
of this state. The project will comprise 
preparation of irrigation policy for Gu¬ 
jarat, focusing on integrated water man¬ 
agement, conjunctive use of surface and 
groundwater, recycling sewage and per¬ 
haps desalination. 

To us the engaging of Tahal to do all 
that Indian water scientists and engi¬ 
neers had been pleading for more than 
two decades marks the culmination of a 
process that had been in the offing for 
quite some time. This process reflects 
lack of commitment and failure of our 
society to deploy adequate resources on 
research and development (R&D) ac¬ 
tivities in the field of water and related 
sciences. 

The Israeli approach 

Tahal was formed in 1952 and has op¬ 
erated in over 40 countries spread over 
four continents. How did it become a 
successful multinational in just over 4 
decades, propagating the Israeli ap¬ 
proach to water management? Tahal 
epitomizes the essence of the Israeli 
system of water management, which 
comprises of a national water carrier, a 
canal system which transports water 
from the surplus northern and coastal 
regions to the deficit areas. The entire 
transportation of the water is based on 
the principle of minimizing evaporation 
and seepage with covered channels and 


piped water supply. The entire potential 
of water supply has been brought under 
control and utilized. Hydrologic explo¬ 
ration has been perfected adopting the 
most modern technology. Isotopes have 
been used to estimate aquifer storage, 
recharge and mixing rates. Computer- 
based models have been used to simu¬ 
late the dynamic balance of water and 
evaluate the consequences of alternative 
water use scenarios. Wells are moni¬ 
tored continuously so that there is no 
over-exploitation of aquifers. Artificial 
recharge of groundwater is practised 
widely. Groundwater is not considered 
as separate from the surface water. In 
fact, the canal systems depend substan¬ 
tially on groundwater. In addition, mu¬ 
nicipal sewage is renovated and used for 
irrigation and industrial purposes. An 
irrigation efficiency of 80% has been 
claimed. Water application per unit of 
agricultural production has been re¬ 
duced dramatically through use of drip 
and sprinkler irrigation. Israel has thus 
demonstrated that spectacular results 
can be achieved if there is will on the 
part of the society and the Government, 
and problems are tackled on a scientific 
basis. In the case of Israel the will was 
not merely wishful thinking but was 
backed by a national commitment in¬ 
volving adequate financial resources for 
R&D and necessary legal and social 
back-up. 

The Indian approach 

Let us contrast this with the scenario of 
water management in India in general 
and Gujarat in particular. Irrigation 
engineers themselves admit that water, 
in case of major irrigation works, is 
used inefficiently. The craze for big 
dams and long canal systems still con¬ 
tinues unabated despite the fact that 
major projects cost enormous amounts 


of money and take unduly long time to 
complete. Small-scale alternatives like 
smaller dams, lift irrigation schemes 
and water-harvesting tanks, w^hich are 
less costly, easy to manage and more 
flexible, are not given the importance 
they deserve. In a resource-starved so¬ 
ciety like ours, is it not prudent to first 
fully exploit the potential of small-scale 
alternatives, reap the benefits so that the 
economic status of the society as a 
wfiole goes up and then plough back the 
benefits into larger projects when they 
become affordable? In smaller projects, 
where there is a sense of people’s par¬ 
ticipation and management, the returns 
on the investment are usually high. The 
example of groundwater irrigation is 
pertinent. This is nearly hundred per 
cent privately managed but helped by 
subsidies for small and marginal farm¬ 
ers. The farmer invests his own money 
in sinking a well within his field and 
also pays the cost of diesel or electric 
power to run the pump. He, therefore, 
realizes the value of the water and uses 
it efficiently. It is, therefore, no surprise 
that the highest yields are obtained from 
agriculture using groundw'ater irriga¬ 
tion. This brings to fore the wasteful use 
of canal irrigation w'ater, which is 
largely a result of the fact that farmers 
are kept ignorant of the costs involved 
in supplying this water. Therefore, they 
fail to see the reason or the need to 
adopt water conservation practices. 
Further, the entire irrigation system, 
devoid of any regulatory structures and 
measuring devices, is inherently de¬ 
signed for flood irrigation, where as 
much as 60% of the water stored at 
great cost is wasted through evaporation 
and percolation. 

Adequate and reliable data, both on 
the availability of water and the extent 
of its utilization for various purposes 
(agricultural, industrial, domestic) in a 
given region, is a primary requisite for 
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making an efficient management of wa¬ 
ter resources of the region. In our case, 
stream flow information is inadequate; 
the information on size and recharge of 
groundwater aquifers is no more than 
‘guestimates’; the data on optimum 
water requirement of various crops in 
different soil and climatic regions is 
again inadequate and, even when speci¬ 
fied, is not applied in actual practice. It 
must be emphasized that every water 
resource development project will affect 
the environment and modify the hydro- 
logical cycle; the larger the project, the 
greater will be its impact. 

It may sometimes be necessary to 
implement a specific project even with a 
limited database, particularly when the 
considerations of development are 
overriding or there is a crisis situation. 
But here every project appears to meet a 
crisis situation rather than being the 
outcome of a well planned out strategy. 
No systematic efforts are being made 
either to monitor the environmental 
impacts of the various development 
projects and/or to create a sustained, 
database that may be useful for a better 
understanding of the hydrological sys¬ 
tem through a scientific analysis involv¬ 
ing computer-based models to simulate 
the dynamic balance of water and 
evaluate the consequences of alternative 
water management scenarios. Over- 
exploitation of aquifers is common and 
no systematic efforts are being made for 
artificially recharging the aquifers. In¬ 
novation and experimentation that 
brought Israel to the forefront of water 
science is missing in the Indian ap¬ 
proach. While the Central Government 
does spend some money on R&D 
through a few institutions (e.g. NIH, 
CWPRS, PRL, NEERI, universities, 
etc.) and also through sponsored proj¬ 
ects, the states that actually spend a 
very large share of their budget on de¬ 
velopment of water resources support 
little R&D activity. Even the little 
money that is spent by. the state gov¬ 
ernments in the name of R&D is usually 
for routine activities, with no emphasis 
on innovation and experimentation. 

Our recipe 

The maladies afflicting the Indian water 
resources development programme as 
mentioned above are not unknown to 
our scientists, engineers, bureaucrats 
and even politicians. Why then do we 
find that water scarcity keeps aggravat¬ 


ing year after year and the society is 
continuously battling with the water- 
related problems adopting a "fire¬ 
fighting’ approach? For example, hav¬ 
ing to transport drinking water by spe¬ 
cial trains and lorries, emergency 
drilling of tube wells and hand pumps, 
outbreak of water-borne diseases, the 
increasing need for unplanned expendi¬ 
ture in combating floods and droughts 
are some of the more visible instances 
of the fire-fighting approach. In our 
opinion, the problem is an inevitable 
consequence of the lack of a holistic 
approach to managing resources, envi¬ 
ronment and development. 

The holistic approach would no doubt 
include a scientific assessment of the 
resources and natural constraints using 
the most modern methods, innovative 
improvement of the traditional tech¬ 
niques of water conservation and utili¬ 
zation to make them conform to the 
present-day lifestyle and discouraging 
unproductive and unsustainable proj¬ 
ects. Imbibing the philosophy of con¬ 
servation, renovation and reuse should 
form an essential component of the ho¬ 
listic approach. All this implies that we 
have to develop new technologies based 
on innovative ideas that take into ac¬ 
count the socioeconomic conditions of 
different regions. These ideas must then 
be translated into experiments, im¬ 
proved upon to become practical solu¬ 
tions in harmony with the environment 
and needs of long-term development. 
The technologies so developed could 
then be disseminated into the society. 
For this charter to become a reality, a 
higher level of commitment from the 
society/government is required. The 
commitment must be backed not merely 
by higher allocation of financial re¬ 
sources but also through involvement of 
people so that necessary legal and social 
measures can be initiated to mould the 
political will. 

Where such commitment from the 
society has been forthcoming, our sci¬ 
entists and engineers in diverse fields of 
agriculture, dairy development, molecu¬ 
lar biology, radioastronomy, nuclear 
research and space programme have 
shown that they are equal to the best in 
the world. Our success in agriculture is 
highlighted by the green revolution, 
which has transformed our country from 
a begging bowl case to a net exporter in 
less than two decades. Similar success 
has been achieved in dairy technology, 
which has ushered in the so-called 
"white revolution’. Our achievements in 


the field of immunology have benefited 
the society through decreased child 
mortality and increased life expectancy 
in spite of progressive deterioration in 
sanitation. The television is the most 
visible example of the success of our 
space programme, which can also-boast 
of highly successful remote-sensing 
application in the field of forestry, wa¬ 
ter resources, disaster management, etc. 
To an extent the national commitment in 
other fields with significant science and 
technology component manifested itself 
through the launching of the various 
technology missions by the Central 
Government about 7 years ago. As a 
result of the national drinking water 
mission, safe water is now available in 
large parts of rural India, but a lot more 
remains to be done. Capitalizing on the 
limited success, we should enlarge the 
scope of the drinking water mission to a 
more comprehensive water technology 
mission which will encompass all as¬ 
pects of water and develop technologies 
for conservation, renovation and reuse 
and apply the same to solve the various 
water-related problems of the state. 

The time is ripe now for Gujarat to 
take a lead in water resources manage¬ 
ment by making a commitment to utiliz¬ 
ing the locally available talent in the 
most effective manner through support¬ 
ing indigenous research on evolving 
appropriate technology. This approach 
alone will provide a long-term solution 
to the various water-related problems of 
the state in a sustained manner. Any 
consultant can come up with seemingly 
sound schemes but sustainability works 
only with popular participation backed 
by sound technology rooted in tradi¬ 
tional ideas and blending with the so¬ 
cioeconomic environment. This is not to 
say that people-to-people interaction 
between Israeli and Indian technologists 
should not be encouraged, but we 
should learn the principles involved in 
their approach and adapt them to our 
conditions which impose different kinds 
of constraints of geography, climate, social 
and economic backgrounds and resolve 
our problems with a missionary zeal. 

The initiative in our society has obvi¬ 
ously got to come from the state gov¬ 
ernment, but matters cannot and should 
not be left entirely to the government. 
In fact, other organs of the society, 
namely, panchayats, municipalities, the 
big industrial corporations and builders, 
and social groups - all spend consid¬ 
erably on water resource exploitation 
and development. Even a tiny fraction 
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of their expenditure spent on experi¬ 
mentation with innovative ideas and sci¬ 
entific solutions to water-related prob¬ 
lems within their own jurisdiction would 


not only yield sustainable results for long¬ 
term benefits to their constituents but 
would also go a long way towards advanc¬ 
ing the scientific ethos of the society. 


5. K. Gupta and P. Sharma are in 
the Physical Research Laboratory, 
Ahmedabad 380 009, India. 


Application of biotechnology to medicine in India - A concern 


G. Padmanaban 

The applications of biotechnology in the 
fields of health and disease, food and 
agriculture, environment and industry 
are not dreams anymore, but are fast 
becoming a reality. In our country ap¬ 
plication of modern biotechnology has 
required a base in research and it is a 
matter of gratification that the quality of 
research in modern biology has signifi¬ 
cantly improved over the last decade, 
mainly due to the support received from 
DBT and DST. We do have a long way 
to go since we have problems of having 
a critical mass in specific areas of re¬ 
search, lack of indigenous capabilities 
to provide adequate infrastructure and 
the lukewarm attitude of the industry to 
research, although there are some, signs 
of awakening. 

Among all areas of applications, the 
area of health and disease has registered 
the most impressive gains internation¬ 
ally. Apart from the striking advances 
made in understanding the life cycles of 
pathogens at the molecular level, recent 
years have seen dramatic success in 
solving the molecular abnormalities 
underlying several genetic disorders. 
These advances have and will pave the 
way for newer strategies for therapy. 
While development of newer drugs, 
vaccines and newer strategies for ther¬ 
apy are slow processes, the development 
of diagnostic methods to detect diseases 
based on all the molecular information 
obtained has seen a phenomenal prog¬ 
ress and a huge global industry with 
millions of dollars turnover is now 
functional. 

Development of diagnostics for a va¬ 
riety of diseases has been recognized as 
a priority in India as well. This has led 
to the development of diagnostic meth¬ 
ods for at least a dozen infectious dis¬ 
eases in different laboratories in the 
country. Many have been developed 
into kits and MOUs have been signed 
wdth industries for manufacture. A new 
phenomenon is the opening up of small 


or one-man companies to make identi¬ 
fied diagnostic kits, while the estab¬ 
lished ones do a roaring business with 
imported kits. Signing of MOUs with 
industry in this area is no more an excit¬ 
ing proposition for academics, - since 
none of the indigenous kits really reach 
the market. One reason is the mutual 
lack of rapport between the two parties, 
the industry blaming the academia for 
overclaims and release of half-baked 
technology, the academia blaming the 
industry for lack of expertise or help 
other than putting a nice wrapper on the 
final product and cooling of interest 
once the technology is transferred. It is 
obvious that a diagnostic kit to be used 
in the field cannot be developed in to¬ 
tality in the laboratory of any academic 
institution. The problems in the field are 
understood only through hard experi¬ 
ence and these can be overcome only by 
repeated feedbacks by both the parties. 
With at least some of the industries 
having established good laboratories for 
research and development, many of the 
field and scale-up problems can be 
overcome. It is not as if the imported 
kits were developed to perfection over¬ 
night. They have also gone through sev¬ 
eral iterations. Knowledgeable workers 
in the field state that many imported kits, 
do not perform as well under the Indian 
conditions in the field, but by and large 
one can get away with selling such kits 
since there is no one to really check on 
the consequences of wrong diagnosis 
dished out by diagnostic centres. It is 
true that the average public feels that 
the imported kit, costing more, should 
perform better than the indigenous ver¬ 
sion. It is also true that often patients 
approach academic institutions for cor¬ 
rect analysis as a personal favour, since 
two different diagnostic centres give 
two different values even for standard 
biochemical parameters. 

The main question is whether there is 
a real commitment to indigenize. While 


many leaders exhort the scientific com¬ 
munity to develop indigenous technol¬ 
ogy, the field conditions are not exactly 
congenial for this development. A small 
example will illustrate the point. Medi¬ 
cal diagnostic kits consisting of micro- 
titre plates coated with antigens etc. can 
be imported free of duty (life saving!) 
along with other reagents. But if the 
microtitre plate alone has to be im¬ 
ported, so that the kit can be produced 
with biologicals generated with indige¬ 
nous expertise, one has to pay fabulous 
duty! Therefore, the industry does not 
have motivation to make the kit in In- . 
dia, apart from the fact that trading with 
hefty commissions is more lucrative 
than going through all the hassles as an 
entrepreneur. As an aside, the polymer 
chemists in the country should look into 
this business of microtitre plates, since I 
am told that the plastics generated in the 
country are fit only for buckets and not 
for tissue culture or diagnostic plates. 

There is yet another angle to the 
whole issue that can be highlighted 
taking the development of AIDS kit in 
the country as an example. Many coun¬ 
tries are vying with each other to pro¬ 
duce their owh kits, since the market is 
huge. In India, too, government funding 
agencies have supported research proj¬ 
ects for the development of AIDS kit. 
As mentioned earlier, a few individuals 
(mostly former academics) have floated 
companies and with hard-earned money 
have ventured into this field with tech¬ 
nical help from academic institutions. In 
addition, imported kits promoted by 
established companies are doing their 
rounds. Interestingly, there is no easy 
mechanism by which the indigenous 
AIDS kit can be certified for use. It is' 
suggested that one should become a 
bulk supplier to the WHO to gain entry 
into the Indian market. The mechanisms 
involved in becoming a bulk supplier to 
an international agency are beyond the 
reach of a small entrepreneur. In be 
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tween, there would be accusations that 
the indigenous kit has jumped some 
international patent. What is the real 
scenario? Internationally, gene se¬ 
quences including those of the human 
are being obtained by the dozens and 
are being patented, despite the contro¬ 
versy raging on the ethics of patenting 
DNA sequences. There are also argu¬ 
ments based on the difference between 
discovery and invention, only the latter 
and not the former qualifying for patent 
rights. It is not exactly clear as to what 
India has actually agreed to. My own 
recollection is that the recommendations 
made were not to agree for patenting of 
life forms or the genes derived but allow 
for patenting of only microorganisms 
containing engineered genes. Even if a 
gene sequence were to be patented, if 
one were to identify after research a 
small peptide within the gene product, 
as a suitable target for diagnosis or 
vaccine, would it amount to jumping a 
patent? If an innovative process is used 
to make that peptide, should it not 
qualify for a product or process patent? 
If a grace period is available to the 
country for falling in line with the pat¬ 
enting regime, should not the country 
use this time to its best advantage? On 
the other hand, one only sees a total 
vacuum in terms of guidance and a 
'holier than thoif attitude by the bu¬ 
reaucracy. 

Frankly, there is no agency in India 
that has the technical expertise to certify 
and clear biologicals. A national stan¬ 
dards institution for biologicals has 
been on the anvil for a long time. Before 
it gets functional, much damage would 
have been done, with imports flooding 
and submerging the Indian market. In¬ 
ternational companies and agencies 
have a stranglehold on life-saving medi¬ 
cal supplies to the country. There is 
money for everybody in imports and 
poor 'desi’ scientists look foolish with 
all their efforts at indigenization. I have 
highlighted the problems with just one 
example, namely diagnostic kits, since 
these are the easiest to certify and com¬ 
mercialize. 'fhe problems one w'ould 
encounter with biologicals and recom¬ 
binant DNA products to be used as 


therapeutics, vaccines and in gene ther¬ 
apy would be almost insurmountable in 
the present environment, since they are 
all meant for systemic applications. I am 
told that clinical trials carried out in 
India are not easily acceptable even 
within India! 

It is a matter of gratification that at 
least some drug companies are showing 
enthusiasm to support research towards 
discovering new drugs. This is an ex¬ 
tremely important step, since every new 
drug released by the MNCs after the 
GATT agreement would not be within 
the reach of the common man in India. 
The country can produce new drugs or 
those whose patents will expire in the 
next few years, at an affordable cost, if 
serious in-house research is comple¬ 
mented by collaborative research in 
academic institutions. Some initiatives 
have been taken in this regard. But I 
have not completely understood one 
fixation among all drug companies. 
These companies are primarily inter¬ 
ested in diseases of the advanced na¬ 
tions. They are all interested in drugs 
for cardiovascular, hypertensive and 
autoimmune diseases. The only infec¬ 
tious diseases of interest are AIDS and 
tuberculosis, the latter because of its 
emergence as a killer in AIDS patients. 
It is not as if that these diseases are not 
important to India or the developing 
world, but who would worry about poor 
man's diseases such as malaria, leish- 
mania, cholera and other diarrhoeal 
diseases? In addition, the dreadful sce¬ 
nario of drug resistance is looming large 
in all these cases. I do see a business 
sense in looking for international pat¬ 
ents and markets, but is it not possible 
to generate drugs for our own diseases 
at affordable costs and still make a rea¬ 
sonable but not a runaway profit? This 
would mean use of indigenous expertise 
and infrastructure and quick certifica¬ 
tion processes based on a proper as¬ 
sessment of risk-benefit ratio. There is 
no point in insisting on FDA or foreign 
drug certification standards for diseases 
in the country. Incidentally, even inter¬ 
nationally there is no taker for vaccines, 
since they are all essentially meant for 
the teeming millions of the third world! 


I feel that a high-power committee 
aided by a national debate should exam¬ 
ine issues relating to the commercial 
application of biotechnology to medi¬ 
cine in the country and make concrete 
recommendations to the government for 
implementation. Some of the issues to 
be examined would be: (1) What has 
India actually agreed to in the area of 
commercial exploitation of biotechnol¬ 
ogy under to GATT/WTO agreements? 
(2) What are its implications on exploit¬ 
ing gene technology for medicine in the 
country? (3) Flow best to utilize the 
grace period available to implement the 
agreement fully to the country's advan¬ 
tage? (4) What steps are to be taken to 
create infrastructural facilities for drug 
design and clinical trials in the country 
at par with international standards? (5) 
Initiate mechanism for certification of 
biologicals, recombinant DNA products, 
etc., both short-term and long-term 
measures. (6) Reexamine the drug 
licensing regulations (certification pat¬ 
ents, etc.) in the context of develop¬ 
ments in science, global competition 
and demands of the country. 

Above all, there has to be a sincere 
political commitment to indigenize, and 
bureaucracy should help to interpret 
rules to India's advantage. All the ef¬ 
forts which DBT has put in to foster 
research in biotechnology in the country 
will be of no consequence if user agen¬ 
cies do not facilitate commercialization. 
If international pressures of different 
sorts let the powers that be to stitle 
indigenous initiatives at commercializa¬ 
tion, either due to ignorance, indiffer¬ 
ence or design, the country would miss 
the biotech revolution as well. We can 
then all be blaming each other for 
missing the boat, a familiar scenario all 
along! Let us hope that it will be a dif¬ 
ferent story this time and the country 
really means business with a human 
face. 


G. Padmanaban is in the Department 
of Biochemistry, Indian Institute of 
Science, Bangalore 560 012, India 
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Deproteinized leaf juice - A novel medium for 
rhizogenesis in vitro 


In the present studies, it was observed 
that shoot segments taken from pigeon 
pea {Cajaniis cajan L. (Millsp.) var. 
BDN-2), cowpea {Vigna sinensis Savi 
ex Hassk) and green pea [Pisiim sativum 
L.), when cultured on a minimal me¬ 
dium (0.1% dry DPJ, 1% sucrose and 
0.8% agar-agar), showed rooting. The 
rooting was possible only when these 
segments were inserted vertically into 
the medium. Similarly, shoot tips of 
cowpea and green pea cultured on this 
medium transformed into single rooted 
plantlets. The best result was obtained 
in explants from cowpea, where more 
than three roots developed within ten 
days. A profuse growth of these roots 
was seen when they were allowed to 
grow in the same medium for three 
weeks (Figures 1 and 2). The DPJ used 
in these experiments was obtained by 
fractionating the lucerne forage crop or 
by-product leaves of cauliflower, using 
the standard procedure^ 

Rhizogenesis from shoots cultured in 
vitro is believed to be one of the impor¬ 
tant but difficult stages in the micro¬ 
propagation of crop plants. Since the 
success of anytissue culture programme 
depends solely on the ability to form 
roots in vitro^ we believe that our pres¬ 
ent finding with DPJ has good potential 
in the field of plant biotechnology. 

1. Kohler, G. O. and Bickoff, E. M., in Leaf 
Protein: Its Agronomy, Preparat-ion, 
Quality and Use (ed. Pirie, N. W.), IBP 
Hand Book No. 20, Blackwell Publica¬ 
tions, Oxford, 1971, pp. 69-11. 

2. Joshi, R. N., Savangikar, V. A. and 
Patunkar, B. W., Indian Bot. Reptr.^ 
1984,3,136-142. 

3. Pirie, N. W., in Leaf Protein: Its Agron¬ 
omy, Preparation, Quality and Use (ed. 
Pirie, N. W.), IBP Hand Book No. 20, 
Blackwell Publications, Oxford, 1971, 
pp. 53-62. 
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Deproteinized juice (DPJ) is the frac¬ 
tion of the Juice extracted from crops 
that remains after the precipitation of 
leaf protein concentrate (LPC). DPJ is 
rich in non-protein nitrogen, total car¬ 
bohydrates, water-soluble vitamins and 
minerals, and is reported to contain certain 


unidentified growth factors^ The use of 
this by-product affects the economics of 
the LP production process". Studies in 
our laboratory have indicated that low 
concentrations of DPJ can be used to 
replace some of the constituents of the 
conventional tissue culture media. 


Figure 1. Early stage of rooting in cowpea on DPJ-based medium. 


Figure 2. Profuse rooting in cowpea after three weeks on DPJ-based medium. 
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Two simple non-enzymatic procedures to isolate high 
molecular weight DNA from fungi 


Isolation of high molecular weight DNA 
is essential for molecular biology and 
recombinant DNA experiments. Various 
methods have been developed to isolate 
DNAs from yeasts and molds^~^. These 
procedures normally make use of cell 
wall degrading enzymes such as No- 
vozyme, Glusulase, Helicase, Funcilase. 
Zymolase, etc., to degrade the cell wall 
of the fungi and proteases such as pro- 
nase or proteinase K to degrade the 
proteins after the cell lysis. In this 
communication we report two methods 
to isolate high molecular weight DNA 
from fungi without the use of enzymes. 
One of the procedures, CTAB, is based 
on the method used for isolation of 
DNA from plant sources^ with a slight 
modification wherein polyvinyl pyr- 
rolidone (PVP) is omitted from the pro¬ 
cedure as fungi do not have interfering 
amounts of phenolic compounds. In the 
first step CTAB is used to precipitate 
the carbohydrates at high temperatures 
and high salt concentrations, and in the 
subsequent step CTAB is used to pre¬ 
cipitate the nucleic acids at low salt 
concentrations and low temperatures. In 
the second method (TENS), relatively 
high concentrations of EDTA and SDS 
are used to inactivate nucleases after 
grinding the cells with acid-washed 
sand. Though both the methods yielded 
high molecular weight DNA from a 
thermophilic fungus, Thermomyces 
lanuginosus, the TENS method yielded 
10-15 times more DNA per gram than 
the CTAB method (Table 1). Further¬ 
more, a large amount of high molecular 
weight RNA was also observed in the 
TENS procedures (Figure 1). The DNA 
samples isolated using these procedures 
were readily digested with restriction 


enzymes such as Pstl and Sau3Al 
(Figure 2). Moreover, these procedures 
yielded high molecular weight DNA 
from other fungi such as Saccharomyces 
cerevisiae and Aspergillus nidulans as 
well and the DNAs in these cases were 
'd b c d e f M 


Figure 1. Isolation ot fungal DNA by 
CTAB and TENS methods. The DNA was 
isolated from T. lanuginosus as de¬ 
scribed in the text, a, b, by CTAB proce¬ 
dure (2.3 pg and 0.7 pg, respectively); c, 
d, by TENS procedure (9.6 pg and 
1.15 pg, respectively); e, f, by hot TENS 
procedure (16.8 pg and 0.8 pg, respec¬ 
tively); b, d, f, after RNase digestion. 
M - Lambda DNA (crude preparation) 
digested with Hindlll. 



Table 1. The yield and purity of DNA isolated from T. lanuginosus using dif¬ 
ferent procedures 


Method 

Absorption ratio 
(260/280) 

Yield 

(mg/g wet wt.) 

CTAB 

1.72 

0.913 

TENS 

1.65 

14.041 

Hot TENS 

1.60 

6.225 

After RNase treatment 

CTAB 

1.87 

0.134 

TENS 

1.35 

2.288 

Hot TENS 

1.78 

2.801 


also readily digested with the restriction 
enzymes (data not shown). 

Thermomyces lanuginosus was main¬ 
tained on sucrose—asparagine medium^. 
Mycelial inoculum was prepared by 
incubating the spores in Vogel’s me¬ 
dium^ containing 0.2% yeast extract on 
a gyratory shaker at 200 rpm for 15 h at 
50°C. The fungus was grown in 100 ml. 
Vogel’s medium in qi^OO ml Erlenmeyer 
llask for 15 h at using 3% myce¬ 
lial inoculum. Aspergillus nidulans was 
maintained on 2% Vogel’s starch agar^ 
and grown in 2% Vogel’s -sucrose me¬ 
dium at 32°C for about 15 h with shak¬ 
ing. Saccharomyces cerevisiae was 
maintained on YEPD agar and grown in 
YEPD medium for about 12 h with 
shaking and harvested as described by 
Rothstein\ The mycelial cultures 



Figure 2. Restriction enzyme digestions 
of the DNA. The DNA obtained after 
RNase treatment was used for restrict¬ 
ion enzyme digestion, a, d, g, DNA of 
CTAB procedure; b, e, h, DNA of TENS 
procedure; c, f, /, DNA of hot TENS pro¬ 
cedure; d, e, f, after digestion with the 
restriction enzyme Pst1 for 3 h at 37°C; 
g, h, i, after digestion with the restriction 
enzyme Sau3A1 for 15 min at 37°C. 
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were harvested by suction filtration on 
Whatman No. 1 filter paper, washed 
twice with distilled water, pressed be¬ 
tween a few layers of blotting paper, 
weighed and stored at -70°C. 

In the CTAB (cetyltrimethyl ammon¬ 
ium bromide) procedure nucleic acids 
were extracted essentially as described 
by Rogers and Benedich^ with the fol¬ 
lowing modifications: PVP was omitted 
from the buffer and all centrifugations 
were done at room temperature (30 ± 
3°C) except for the last centrifugation, 
which was done at 4°C. 

The TENS procedure is as follows: 

1. Grind the frozen mycelia with twice 
the weight of sand into a fine pow¬ 
der using a pre-chilled pestle and 
mortar and transfer the powder into 
a 50 ml polypropylene tube. 

2. Add 10 volumes of TENS (0.05 M 
Tris (pH 8.0), 0.1 M EDTA (pH 
8.0), 0.1 M NaCi and 1% SDS) 
buffer and mix thoroughly and gen- 
tly. 

3. Add an equal volume of neutral 
phenol, mix gently and place the 
tube at -20°C for 30 min. 

4. Thaw the contents of the tube and 
centrifuge for 10 min at 12,000 g at 
room temperature (30 ± 3°C). 


5. Extract the upper layer with phe¬ 
nol : chloroform: isoamyl alcohol 
(25:24:1). 

6. Centrifuge for 10 min at 12,000 g at 
room temperature (30 ± 3°C). 

7. Transfer the upper layer to a fresh 
tube and add 1/10 volume of 3 M 
potassium acetate (pH 4.8). 

8. Precipitate the nucleic acids with 2 
volumes of distilled, cold ethanol. 

9. Centrifuge for 15 min. 

10. Dry the pellet and dissolve in 
0.1 X TE (10 mM Tris (pH 8.0) and 
1 mM EDTA (pH 8.0)). 

For hot TENS procedure, TENS 
buffer at 65°C was added and incubated 
at 65°C for 10 min and then extracted 
with an equal volume of neutral phenol. 
The upper layer was processed as above 
from steps 5-10. 

A modified procedure for DNA isola¬ 
tion from higher fungi, using hexadecyl- 
trimethyl ammonium bromide has 
been reported after submission of this 
note^. 
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The recent rise of the river bed near Mohand, 
Western Uttar Pradesh 


Himalayan foreland basin between the 
rivers Ganga and Yamuna in the western 
Uttar Pradesh has many strike-slip faults 
cutting across the Siwalik range. One 
such fault, a small en echelon fault as¬ 
sociated with Dhaulkhand fault zone, 
runs along Gajrao in its upper catch¬ 
ment area, A definite right lateral slip 
along this fault brings a northeasterly 
dipping clay band opposite to the sand¬ 
stone bed. A major portion of the dis¬ 
located sandstone hillock rests precari¬ 
ously on the dip-slope provided by the 
underlying moistened clay band. The 
impounding enormous pressure on the 
substratum squeezes and uplifts these 
clays and the overlying recent sediments 
in the river bed abutting against the 
fault. 


It w'as January the 19th, 1994, when 
most of the news dailies in Dehradun 
valley carried a sensational news on the 
front page that a forest land near Mo¬ 
hand in Siwalik foothills is rising up 
abnormally and has gained a height of 
about 8 m above the stream level. This 
news caused panic amongst the popu¬ 
lace sprawling in the nearby region 
(based on the FIR lodged at Mohand 
Police Station and Forest Check Post by 
Mr Mir Ali) as they suspected a catas- 
trophy in the near future in the form of a 
volcano or related activity. 

Mr Mir Ali, a Gujjar, who hails from 
the area of the present activity, has been 
an eyewitness to this whole event 
which, according to him, first started in 
1992 monsoon time (July-August). 


During that period, it attained a height 
of about 1.5 m before being washed out. 
Later, during 1993 monsoon time, the 
process was again reactivated at the 
same place and till October 1993 it kept 
on rising to a considerable height. The 
rise also produced noise, he said. 
Thereafter, he did not notice any sig¬ 
nificant change in height; however, 
fractures started appearing in the ele¬ 
vated rock mass. In 1990, an event of 
such unusual rise of the river bed was 
also reported from Tal valley^ SE of 
Dehradun in Garhwal Lesser Himalaya. 

To have a first-hand account of the 
operating processes in this region, the 
present team carried out geological in¬ 
vestigations. These studies are presented 
in this paper. 
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Figure 1. Geological map of Himalayan foreland basin in Mohand area. 


In the Himalayan foreland basin the 
poorly indurated northeast dipping Si- 
walik sandstone and clays have recently 
changed the geomorphic configuration 
of the upper catchment area of Gajrao. 
This nala (stream) flowing across the 
Siwalik range is located in the Rajaji 
National Park at about 12 km east of 
Mohand on Mohand-Haridwar forest road 
(Figure 1), wherein the area of present 
activity falls on 30°9'N latitude and 
77‘^59'E longitude"’^ The following 
observations have been made in the 
field: 

The dip of the beds on the northern 
limb of the regional anticlinal structure 
is shallow to moderate in the northeast¬ 
erly direction. Along the nala, a N-S 
oriented right-lateral strike-slip fault has 


been observed. This fault is traceable 
for about 300 m, offsetting the beds in 
the vicinity to the extent of about 100 m 
horizontal shift along the fault. The 
uplifted mass together with the material 
on the river bed follows the trend of this 
fault plane. The fault trends approxi¬ 
mately parallel to the Ganga and Ya¬ 
muna tear faults and perhaps represents 
an en echelon fault associated with the 
Dhaulkhand fault zone lying close to 
this location (Figure 1). 

The nala (Gajrao) follows a N-S 
course in the vicinity of the neotectonic 
activity that, well superimposes the 
strike-slip fault described earlier. On the 
southern side, this nala has a small 
NW-SE-trending tributary, while a dis¬ 
sected small NE-SW-trending valley is 


noticed on the northern side. These two 
linear features (small lineaments) to¬ 
gether with the third, the main nala, thus 
encircle a small sandstone hillock rest¬ 
ing on an unstable dip-slope. On the toe 
of this hillock, rock mass consisting of 
variegated clays and loose sediments on 
the river bed has been raised. This 
raised mass attains a height of about 
7.5 m above the stream bed. 

The NE-SW lineament identified in 
the area exposes a zone of permanent 
landslip. Three prominent phases of 
landslip have been identified in this 
zone showing a net slip of 1.5 m, 1.1m 
and 1.5 m, respectively. In the vicinity 
of the slip, a series of extensional frac¬ 
tures trending NE-SW is observed 
(Figure 2 a). These fractures show dif- 
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ferential slip and, therefore, some 
blocks have been uplifted. An extension 
of 21.11% is estimated on a stretch of 
8.5 m. In the northeastern side, the 
fracture dilation increases, while in the 
northwest the separation is compara¬ 
tively small. Thus, it represents a rota¬ 
tional or oblique slip geometry. The 
uplift of the stream bed is observed to 
be of the order of 2.5-7.5 m (from south 
to north, i.e. sloping towards south) in 
an area of 16 x 3 m (Figure 2 b). Two 
sets of extensional fractures are also 
noticed in the uplifted mass trending in 
NE-SW and NW-SE directions. Of 
these two, the NE-SW-trending frac¬ 
tures in the southern side have more 
dilation. 

A major portion of the isolated sand¬ 
stone hillock rests on a thick variegated 
clay band moderately dipping northeast¬ 


erly. The occurrence of slickensides- 
type NE plunging striations (almost 
parallel to the dip direction) on top of 
the clay band suggests sliding of the 
sandstone hillock. Percolation of water 
along the clay band further facilitates 
gliding of the overburdened mass of 
sandstone. 

It is proposed that the movement of 
the sandstone block causes the underly¬ 
ing clay band juxtaposing the sandstone 
to be in a state of compression across 
the N-S strike-slip fault in the nala. The 
sandstone at the fault plane acts as a 
buttress for the impinging east-directed 
squeezed mass of clays, causing rise of 
the bedrock (clay) along with loose 
sediments deposited on the stream bed. 
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A critical appraisal of the type locality of a rare palm from 
Kumaon Himalaya, India 


The Red Data Book of Indian Plants^ 
reports the occurrence of Trachycarpus 
takil from the Thakil mountains in Ku¬ 
maon Himalaya. This interesting palm 
species belonging to the family Are- 
caceae includes tall trees about 15-25 m 
in height with unbranched stems cov¬ 
ered by persistent leaf-bases. The leaves 
are large, fan-shaped with plicately 
lobed margins. The flowers are numer¬ 


ous, aggregated on compound interfoliar 
inflorescence, unisexual, with both male 
and female flowers appearing on the 
same plant (monoecious^ The fruits are 
reniform^"^. Nayar and Sastry^ com¬ 
ment: ‘A distinct palm species closely 
related to the Sino-Japanese species 
Trachycarpus fortunei H. Wdl. The only 
published picture of this palm is of a 
plant in 0. Beccari’s Garden in Flor¬ 


ence, Italy, appeared in Kew Bulletin 
1912; 29 r. It is reported that this spe¬ 
cies grows on mountain slopes at 2000— 
2500 m, in the mixed forest of Quercus, 
where it sustains frost and snow. It pre¬ 
fers cool and narrow valley in the 
northwest Himalaya. 

With a view to evaluate the correct 
status of the species and its type locality 
and also to investigate the reproductive 
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Figure 1. A mature plant of Trachycar- 
pus takil Becc. 


biology of this rare palm, a botanical 
exploration was undertaken to the Ku- 
maon hills. On enquiry from the local 
people it was learnt that there is no such 
locality as Thakil mountains, as men¬ 
tioned in the literature^ According to 
them ‘Thakir referred to all palm-like 
plants, and a part of the hill with an 
abundance of these palms at one time 
was named as ‘Thalkedar hills’. As re¬ 
gards the location of this palm, most of 
the earlier references quote ‘grows in 
great numbers, forming clumps and 
rows, on the Thakil Mountain in Eastern 
Kumaon, India, in the fork between the 
Sarju and Kali rivers, between 6500 ft 
and 7800 ft, where snow generally cov¬ 
ers the ground from November to March 
... in damp shady glens ... chiefly on the 
northwest side’. This particular locality 
lies about 20 km away on the South of 
Pithoragarh town in the subtropical- 
temperate zone of Kumaon Himalaya 
around 2400-2500 m. 

A critical survey of the locality by the 
authors showed no trace of any mature 
palm trees, except for a few palm seed¬ 
lings as undergrowth in dense forests. 


Figure 2. Fibrous leaf sheaths of Trachycarpus takil Becc. forming a compact net of 
fibres. 


chiefly of Quercus sps., Rhododendron 
arboreum^ Alnus nepalensis. Viburnum 
mull aha. Ilex dipyrena, etc. These seed¬ 
lings were later on confirmed to be the 
seedlings of Trachycarpus takil. Prior to 
this survey. Dr Martin Gibbons and his 
group from UK could locate five big 
trees of this palm in a cleared forest area 
on one of the hill tops in the area'^. The 
habitat with a thick mat of humus and a 
closed canopy of trees no doubt forms a 
very ideal habitat for the growth of 
palms. Therefore, it is expected that this 
particular area had at one time an abun¬ 
dance of Trachycarpus Jakil, whose 
population has been reduced to almost a 
couple of juvenile plants. However, in 
Barabay village 5-6 km away from 
Thalkedar, two mature trees were no¬ 
ticed (Figure 1), but as planted in culti¬ 
vated fields. One of these was under¬ 
stood to have been planted by Mr Hira 
Ballabh Joshi about 50 years ago, which 
should roughly establish the age of the 
tree. 

The unique palm has become the vic¬ 
tim of unscrupulous exploitation by the 
local people. The fibrous leaf sheaths 
(Figure 2) have a compact net of fibres 
which form very strong ropes and also 
coarse cloth, for which these trees are 
being killed. The fruits are also said to 
be eaten by the local inhabitants. 
Whether the species has become endan¬ 


gered mainly due to the human factor or 
due to certain anomalies/malfunctioning 
of one or more stages in the reproduc¬ 
tive cycle of the plant is yet to be ascer¬ 
tained. Future studies should also 
clarify certain doubts such as: (a) What 
are the actual causes for the sharp de¬ 
cline in population? (b) Whether any 
relationship exists between the popula¬ 
tion in the habitat (Thalkedar) and the 
other two mature trees in the cultivated 
field at Barabay. (c) Suitability of 
the habitat for the seedling survival 
and establishment, (d) Whether any 
other population exists in the nearby 
areas? 

Doubts have also been raised on the 
taxonomic status of the species. Gib- 
bons'^ and his associates strongly believe 
that the populations of Trachycarpus 
takil (of Kumaon Himalaya) could be a 
population of T. fortunei, but separated 
and isolated, during the geologic past 
when the Himalayan upheaval took 
place. The present authors view that 
these two taxa are quite distinct, by the 
very fact that the population of T. takil, 
though an offshoot of T. fortunei, has 
distinctly adapted to Kumaon Himalaya 
with no intermediate populations any¬ 
where in between. Genetic experiments 
involving these two geographically iso¬ 
lated populations can only decide on the 
correct status of T. takil. 
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The available evidences indicate that 
this palm is on the verge of extinction, 
mainly because of the selective removal 
as well as habitat clearance for cultiva¬ 
tion. Conservation measures, including 
the protection of the habitat, are ur¬ 
gently called for. Ex situ conservation 
and multiplication in botanic gardens 
and. their rehabilitation in the natural 
habitat or other similar localities at a 
later date may bring about an increase in 
the genetic diversity which is so essen¬ 


tial for the species to continue and 
counteract the stochastic effects. Till 
such time the future of this interesting 
palm is uncertain: 
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White tigers need more water 


White tigers have a chalky white coat 
marked with black or chocolate stripes; 
these mutants are not albinos^”^ They 
have pink nose and paw pads, icy blue 
eyes and are generally bigger in size 
than the normal-coloured tigers'*"^. The 
first ever white tigers from normal- 
coloured parents were born in Nandan 
Kanan Biological Park’. 

On observing the white tigers in the 
open-air Zoo of Nandan Kanan, we were 
struck by the fact that they spent 
significantly more time in water in com¬ 
parison to their normal-coloured coun¬ 
terparts. This study was carried out for 
over a period of 7 months (November 
1992 to May 1993). 


Table 1. Mean cooling time in normal- 
and white-coloured tigers. For each set, 
5 observations were taken into account 
and in total 6 sets of observations were 
made (n = 6) 



Mean cooling time 

Tiger type 

(in min) ± S.D. 

White 

58.67 ±21.36* 

Normal 

5.517.2 


*P < 0.001 compared to normal-coloured 
tigers. Studies were made from 9:00 
hours to 16:00 hours. 


It is evident from Table 1 that the 
mean time period spent in water by 
white tigers (58.67 min) is significantly 
higher in comparison to that of normal 
tigers (5.5 min) even though facili¬ 
ties such as water-filled moats are 
equally accessible to normal-coloured 
tigers. 

Of all the members of the cat tribe, 
the tiger and the jaguar are the most 
water-loving. We now note that the 
white tiger prefers to cool itself more 
often or for a longer time as compared 
to the normal-coloured tiger. These ob¬ 
servations have an applied value for the 
zookeeper, for they suggest that plenty 
of shade and bathing facilities should be 
provided for white tigers. 

We can also speculate as to why 
white tigers are more water-loving. The 
amount of heat radiation depends on the 
surface area of the body and the skin 
temperature. In warmer climates animals 
tend to decrease in size because an in¬ 
crease in the evaporation surface per 
unit of mass helps to dissipate heat^. 
White tigers being larger ia size may 
gain more heat and so also require more 
time in dissipating it. It is possible 
that being larger in size, the white tiger 
may be forced to spend more time in 
water in order to maintain thermal bal¬ 
ance. 
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Indigenous commercial R&D in advanced 
ceramics - Retrospect and prospect’*' 

V. C. S. Prasad 

A review of the status of various products developed by indigenous R&D and other commercialization 
attempts in the area of advanced ceramics over the last several years in the country is presented, with 
particular reference to electronic ceramics, because this segment forms the bulk of the advanced ceramic 
markets. Various issues related to commercial R&D are recapitulated, such as the differences between 
terms like invention and innovation and technical and product development, etc. Different types of R&D 
with their stakes and time scales are also discussed. In view of the above ideas and in the context of lib¬ 
eralization, the future prospects for indigenous R&D in the area of advanced ceramics in our country is 


reviewed. 

Although R&D in advanced ceramics 
and related components has been going 
on over the last 20-25 years in the 
country, its requirements to'wards com¬ 
petitive commercial needs have not been 
systematically studied and understood. 
With the dwindling government funding 
for R&D and with the increasing em¬ 
phasis towards product-oriented applied 
R&D, this issue is becoming increas¬ 
ingly significant in recent years. In ad¬ 
dition, the onset of liberalization and 
globalization policies in the country 
adds an additional challenge to the in¬ 
digenous R&D, which has to gear up to 
the exacting global standards. There¬ 
fore, the indigenous R&D is somewhat 
at crossroads of either facing the danger 
of extinction or gearing up substantially 
to the ever-increasing demands on it. It 
is, therefore, relevant to review the dif¬ 
ferent commercial R&D efforts (R&D in 
defence, space and atomic energy are 
excluded) in the country in this area, 
examine critically the factors for success 
or failure of these efforts, understand 
the strengths and weaknesses, identify 
the gaps in our knowledge of product 
development and related commerciali¬ 
zation issues and analyse the future 
scope in this area in the context of the 
fast-changing economic scenario in the 
country. 

Markets for advanced ceramics: 
World and Indian scenario 

The commercial interest in any field 
depends upon its markets. The markets 


*Paper presented at the 81st Session of the 
Indian Science Congress, Jaipur, 1994. 


for advanced ceramics can be divided 
broadly into two areas, viz. electronic 
ceramics and structural/engineering 
ceramics (Table 1). The figures indicate 
that bulk of the markets^ are for elec¬ 
tronic ceramics, a scenario which would 
continue for another 10-15 years. The 
table shows that the Indian markets 
(nearly 75 million dollars) are less than 
1% of the world markets. This is nearly 
7% of the markets for South Korea^ 
(-- 1000 million dollars), which is one 
of the very fast developing economies in 
Asia. (It is interesting to note that the 
population of South Korea is nearly 7% 
of that of India.) The substantially 
larger markets in South Korea are 
mainly due to the boom in the electron¬ 
ics industry, which accounts for nearly 
90% of the above markets. 

The small indigenous markets give a 
caution that the investments in R&D are 
to be made rather discretely keeping the 
global markets also in view to be able to 
derive significant commercial benefits. 
It is also to be understood that consider¬ 
ing the heavy investments already made 
by the advanced countries as well as to 
some extent by the developing countries 
in this area, only a very well thought out 
and highly focused R&D can result in 
economic benefits. As a corollary, the 
poor growth of the R&D in this area in 
our country may also be assumed to be 
due to the paucity of substantial indige¬ 
nous markets so far. It is also to be re¬ 
membered that India spends less than 
1% of its GNP on R&D as against the 
advanced nations, which spend^ in the 
range of 2-3%. Also, government 
spending accounts for most of the R&D 
spending in India, which is not so in the 
advanced countries. 


Retrospect 

Electronic ceramics 

Analogous to the world trend, the In¬ 
dian market’s trend for advanced ceram¬ 
ics is largely dominated by electronic 
ceramics and, therefore, the R&D ef¬ 
forts and investments were also more in 
this area. R&D efforts towards product 
development in this area started at NPL, 
New Delhi, as early as 1960 in the fields 
of ferrites and ceramic capacitors. Both 
products have been commercialized. 
The ferrites were commercialized by 
Central Electronics Ltd. (CEL), Gazia- 
bad, and the ceramic capacitors by 
Bharat Electronics (BE), Bangalore, 
both being public sector companies. 
This experience, particularly the latter, 
only helped to show the deficiencies in 
our product development and commer¬ 
cialization skills and did not seem to 
result in major economic benefits. 
(Bharat Electronics had discontinued 
the process very shortly after the com¬ 
mercial production started and went in 
for an imported technology.) Some of 
these deficiencies (well-known by now) 
are poor skills in mechanization and 
volume production, poor designing for 
quality and robustness into the products 
and failure of tailoring the products to 
customer requirements and making them 
cost-competitive. 

Table 2 shows the typical products of 
indigenous R&D in the area of elec¬ 
tronic ceramics that are currently in the 
market. The table also displays the 
particular organizations which devel¬ 
oped/productionized the product, ap¬ 
proximate period of their development, 
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Table 1. Advanced ceramic markets* (approximate markets in 
millions of dollars) 




South Korea^ 


Type 

World’ 

(1988 

projections) 

India^ 

Electronic 

9000 

-900 

66 

Structural/ 

1200 

-100 

(2000 M Rs) 

10 

engineering 



(300 M Rs) 

ceramics 

~10 200 

-1000 

76 


*1992 figures. 

’Ceramic Industry Magazine, Aug. 1993. 
^Am. Ceram. Soc. Bull., 1988. 

^Author’s estimates. 


Table 2. Typical electronic ceramics products developed Indigen¬ 
ously and currently available in the market 


Product 

Organiz¬ 

ation 

Develop¬ 

ment 

period 

(approx.) 

Approx, 
cost of 
finished 
components' 
(Rs/kg) 

Market status 

Soft 

ferrites 

CEL 

1960-1970 

X 

Okay for some 
indigenous 
markets 

Varistors 

Elpro 

Inti, 

Pune** 

1982-1986 
(4 years) 

~10x 

-do- 

Thermistors 

BE, 

Bangalore 
(PTC/CTV)' 
Thakarsons, 
Pune (NTC)' 
Translektra 
(heater PTC) 

1986-1992 

N.A. 

N.A. 

~100x 

(high-end 

products) 

- do - 

- do - 

Position not 
clear 


*Prior exposure to an Imported disc ceramic capacitor technology. 
**Develop6d by a group who had a substantial exposure in similar 
manufacturing plants abroad. 

N.A. Not available. 


and their current market status. Com¬ 
mercialization of ferrites was started by 
CEL, based on NPL know-how. The 
efforts were started without any prior 
manufacturing base and therefore the 
product development times were rather 
long. Requirements for high-end appli¬ 
cations such as high-frequency ferrites 
for electronics and telecommunication 
markets do not seem to be fully met. 
After this effort, quite a few companies 
in the private sector have gone in for 
foreign collaboration to produce soft 
ferrites in the country. 

The next product which is success¬ 
fully commercialized and currently in 
the market is the varistor from Elpro 
International. The product has been 


developed for the Indian markets largely 
with indigenous machinery, by people 
who had exposure to similar plants 
abroad. Moreover, they had the benefit 
of the manufacturing base of lightning 
arrestors (based on ZnO) which M/s 
Elpro had earlier set up with collabora¬ 
tion from General Electric Company, 
USA. 

' A fair amount of indigenous technol¬ 
ogy was successfully developed for dif¬ 
ferent products in the thermistor family. 
While Thakarsons, Pune, have success¬ 
fully commercialized the NTC thermis¬ 
tor, Bharat Electronics, Bangalore, has 
done so for a relatively more challeng¬ 
ing product, viz. the PTC thermistor for 
the colour picture ^be degaussing. The 


process for the latter involves develop¬ 
ing techniques for doping ppm levels of 
dopants in the ceramic homogeneously, 
reproducibly and inexpensively, design¬ 
ing the compositions for manufac¬ 
turability, designing of the process to 
maintain high purity all . through t^ie 
processing steps, and designing an ap¬ 
propriate and inexpensive sintering 
technology to achieve the required pro¬ 
perties and microstructure on a manu¬ 
facturing scale. More recently, Translek- 
tra Domestic Products, Bombay, has 
announced successful commercial de¬ 
velopment of the PTC device for the 
mosquito-repellent heater market 
(newspaper announcement). The exact 
status of this effort is still not clear. 

The Thakarsons and the BE group had 
a prior exposure to an imported ceramic 
capacitor production line, which was 
helpful in evolving the production tech¬ 
nology for the thermistors. The Tran- 
slektra group also apparently had some 
amount of prior manufacturing experi¬ 
ence. 

From the above case studies, the fac¬ 
tors for commercial success of product 
development are inferred"*, as shown in 
Table 3. The table shows different R&D 
efforts that did and did not result in 
successful commercialization. The case 
studies include the NPL process for 
ceramic capacitors, the BE process for 
piezobuzzer and for PTC, and the fine 
particle technology of TIFR. Iii cases 
where the different criteria for com¬ 
mercial success were not met (Table 3), 
the outcome was poor. It is interesting 
to note that the different drawbacks 
associated with the piezobuzzer process 
of BE were nearly the same as those of 
the NPL process for ceramic capacitors, 
although the former was attempted 
nearly 20 years after the latter. This 
observation clearly indicates that the 
absence of planned effort to fill up the 
gaps or make up for the weaknesses in 
the total process of commercialization 
of R&D over the years has led to fail¬ 
ures. Mostly, the R&D component 
(technical development component) is 
overemphasized and the manufacturing 
and marketing components are not given 
adequate attention in the total product 
development process. 

In addition, all the products which 
could be successfully commercialized 
had a fairly simple fabrication technol¬ 
ogy, viz. the dry pressing process. Some 
involve, additionally, spray drying and 
screen printing processes, which are. 
also relatively simple. Therefore, suc- 
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Table 3. Factors for commercial success of product development 



Ceramic 



Fine 


capacitors 



particle 

Factors for 

(NPL know- 

PZT 

PTCR 

technology 

commercial 

how supplied 

buzzer 

process 

(TIFR, 

success 

to BE) 

(BE) 

(BE) 

NCML) 

Low-cost raw 
materials 

OK 

OK 

OK 

, Not OK 

Cost-effective 
process/product 
with respect to 
market needs 

Not OK 

OK 

OK 

N.A. 

Low capital costs 

OK 

OK 

OK 

N.A. 

SPM capability 

Not OK 

Not OK 

OK 

N.A. 

Implementation 
of quality 

Not OK 

> OK 

OK 

N.A. 

concepts 

Company’s 

Fits 

Does 

Fits 

No 

business 


not fit 


commercial 

objectives 




tie-up 

Commercial 

Not OK 

Not. OK 

Appears 

Not OK 

outcome 



OK 



N.A. Not applicable. 

NPL, National Physical Laboratory. 

TIFR, Tata Institute of Fundamental Research. 

NCML, National Chemical & Metallurgical Laboratory. 
SPM, Special-Purpose Machines. 

PZT, Lead Zirconate Titanate. 

PTCR, Positive Temperature Coefficient Register. 


EARLY FULL 

CONCEPT LAB PILOT COMMERCIAL COMMERCIAL 



Figure 1. The work continuum from basic research to production (ref. 5). 


cessful commercialization of indigenous 
R&D has been possible so far only in 
the case of fairly simple fabrication 
technologies. Secondly, success rate 
was high only when there was some 
prior exposure to some well-developed 
imported manufacturing processes exist¬ 
ing abroad. 

Thus, successful product development 
involves a number of issues in addition 


to mere scientific activity. This aspect is 
well brought out in Table 4, in which 
R&D efforts by different institutions in 
the country on PTC ceramics are indi¬ 
cated"^. It is clear from this table that in 
addition to the scientific R&D activity, 
a number of steps, such as process de¬ 
velopment, product development, vol¬ 
ume production, quality, cost and 
marketing issues, are required for suc¬ 


cessful product development. The work 
continuum from basic research to pro¬ 
duction is clearly exemplified^ in 
Figure 1, which shows the varied efforts 
put in by the respective organizations 
involved during the course of commer¬ 
cialization of a product, starting from 
basic research. 

In addition to the above major efforts, 
commercialization efforts were done on 
some other PTCs and PZT ceramics 
with varying degrees of success. For 
example, the PTCs for motor applica¬ 
tion were commercialized by a small- 
scale unit in Pune (although the product 
needs further substantial R&D for im¬ 
proving its quality and reliability). 
Likewise, BE, Bangalore, is at an ad¬ 
vanced stage of development of the PZT 
ceramics for sonar applications and 
dielectric resonators for microwave 
communication applications. Central 
Glass and Ceramics Research Institute 
(CGCRI), Calcutta, appears to be in a 
similar position for some PTC-based 
sensors. TRDDC, Pune, is on the 
threshold of commercialization of Zr 02 
sensors for heat treatment furnaces. The 
Department of Electronics has invested 
some money on product-oriented R&D 
work in electronic ceramics in some of 
its R&D centres (C-MET). From the 
above, it is clear that, of late, a fair 
amount of attention is being bestowed 
for enhancing commercialization pros¬ 
pects of the respective products in the 
area of electronic ceramics with occa¬ 
sional successes. 

Other advanced ceramics 

Apart from electronic ceramics, some 
R&D efforts were made in other areas of 
ceramics. For example, a novel fabrica¬ 
tion route for fabrication of ceramic 
foam filter was commercialized by M/s 
Carborundum Universal, Madras, from a 
process developed by Tata Research 
Development and Design Centre 
(TRDDC), Pune. It is .used for filtering 
of molten metals. The process was pat¬ 
ented by TRDDC in India. CGCRI, Cal¬ 
cutta, has done a fair amount of work on 
SiC- and Si 3 N 4 -based ceramics, particu¬ 
larly by pressureless sintering. But there 
does not seem to exist significant com¬ 
mercialization attempt of this work. 

Ceramic powders 

More recently. Associated Cement Co. 
(ACC) R&D Centre at Thane has suc- 
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Table 4. Status of R&D and commercialization of PTCR ceramics in different institutions in the country 

Institution and periods 


lISc Bangalore 1 IT Madras NT Kharagpur CGCRl Calcutta BE Bangalore 


Activity 1977-1982 1976-1981 1982-1987 1988 onwards 1986 onwards 


Scientific activity Understanding of 

BHEL/CSlR-sponsored 

Microstructural 

PTC thermistor 

Microstructural 

PTC behaviour, 

PTC thermistor 

effects and complex 

process development. 

engineering of 

chemical route of 

process development, 

plane impedance 

chemical/traditiona! 

PTC ceramic. 

powder preparation 

chemical route of 

analysis, traditional 

route 

traditional 



powder preparation 

route of powder 


route of powder 




preparation 


processing 

Technological activity 






Process 

No 

Yes 

No 

Yes 

Yes 

Product 

No 

No 

No 

Not sure 

Yes 

Commercial activity 






Volume production 

No 

No 

No 

No 

Yes 

Quality 

No 

No 

No 

No 

Yes 

Cost 

No 

No 

No 

No 

Yes 


Table 5. SWOT analysis of indigenous R&D for advanced ceramics 
Strengths 

• Excellent raw material base 

• Relatively inexpensive R&D manpower 
Weaknesses 

• Too diffuse and not largely market-driven 

• Too small markets 

• Too long development times 

• Poor commercialization skills 

• Hardly any experience in putting winning products into the market 
Opportunity 

• Changing government policies 

• Advanced engineering ceramics is still an evolving area even abroad 
Threats 

• Competition 


cessfully set up pilot production facili¬ 
ties for the production of high-quality 
powders of AI 2 O 3 , Zr 02 , PSZ, BaTi 03 , 
etc. This effort is completely from in¬ 
digenous R&D and the powders are 
under evaluation by different prospec¬ 
tive customers. Laboratory processes for 
the development of AI 2 O 3 and Zr 02 
powders are also under development at 
the Ceramic Technological Institute of 
BHEL, Bangalore. Sol-gel-derived 
powders were developed by CGCRl and 
Bhabha Atomic Research Centre 
(BARC). Naval Chemical & Metallurgi¬ 
cal Laboratory (NCML) and Tata Insti¬ 
tute of Fundamental Research (TIFR) 
also have R&D programmes on ceramic 
powders. 

In retrospect then, the indigenous 
R&D and commercialization in ad¬ 
vanced ceramics have so far taken place 
largeK in the area of electronic ceram¬ 
ics. This is entirely due to the prevailing 
markets, a trend which is similar to that 


in other advanced and developing 
countries. Some successes were 
achieved, particularly when the ceramic 
fabrication processes involved were 
relatively simple and when there was 
prior exposure to some related imported 
ceramic technologies. 

SWOT analysis 

However, with the increasing liberali¬ 
zation and globalization policies of the 
government, the future R&D has to be 
increasingly competitive to be of any 
relevance and use. Table 5 gives the 
SWOT analysis of the current indige¬ 
nous R&D in advanced ceramics. From 
the table it is clear that the only strength 
we have, in addition to the basic raw 
material strength is the relatively inex¬ 
pensive manpower. The weaknesses are 
quite a few and the most conspicuous of 
them all is the lack of adequate skills in 


process escalation and development of 
competitive manufacturing technolo¬ 
gies. 

Different commercial R&D 
issues 

Invention and innovation 

When dealing with the subject of com¬ 
mercial R&D, it is useful to recapitulate 
the difference between the above two 
terms. While invention can be regarded 
as a discovery which has hitherto not 
been existing, innovation is the whole 
process of moving new ideas, products 
or services successfully into the econ¬ 
omy^. Thus, invention is only a part of 
innovation and it is the latter which 
results in commercial gains and not 
necessarily the former. 

Technical development and 
product development 

These two terms are rather synony¬ 
mously used. But it is useful to under¬ 
stand the difference as indicated by 
Fine^. Technical development is purely 
internal for an organization. For exam¬ 
ple, in the case of advanced ceramics, it 
involves development of compositions, 
relationships between compositions and 
properties, process design, product de¬ 
sign and fabrication, serviceability, 
product testing under service condi¬ 
tions, safety, appearance, etc. On the 
other hand, product development in¬ 
volves activities like development of 
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BASIC 

RESEARCH 


APPLIED ENGINEERING COMPANY 

RESEARCH DEVELOPMENT PRODUCTION MANAGEMENT 



-► INCREASING DEPENDENCE ON EXPERIENCE 

-- INCREASING DEPENDENCE ON CREATIVITY 

Figure 2. Typical advanced materials learning curve (ref. 9). 


Table 6. Success probability of R&D at different stages’® 


Technical feasibility 

Marketing decision 

Market response 

Success 

Launch 

Success 

0.6 

0.55 

0.4 

Failure 

Drop 

Failure 

0.4 

0.45 

‘ 0.6 


The final probability of success is 0.6 x 0.55 x 0.44 = 0.132. 


ongoing communication between mar¬ 
keting, manufacturing and technology 
people; it also encompasses other re¬ 
quirements like helping to verify prod¬ 
uct requirements and assumptions with 
the customers, helping to assess com¬ 
petitive threats and responses about the 
product, helping in the design of com¬ 
petitive manufacture and sustainable 
differential product advantage, etc. 
Therefore, total product develop¬ 
ment involves a number of commercial 
issues in addition to. many technical 
issues. 

Customer's priority vs 
scientists ' priority 

The customer’s priorities^ are generally 
cost, size, geometry, delivery and ap¬ 
pearance, whereas the scientist’s prior¬ 
ity is achieving technical excellence in 
the job he does, for example, imparting 
as good properties to the ceramic as 
possible. 


Costs, time scales, stakes and 
types of R&D 

It is generally acknowledged^ by com¬ 
panies involved in materials technolo¬ 
gies that for every $1 spent on research 
it will cost $10 to develop a specific 
product and $100 to even $1000 to take 
the resulting product to market. The 
typical time scales involved for convert¬ 
ing a concept into full-scale production 
and the cost of the product at different 
stages of the R&D and productioniza- 
tion process for a typical advanced ma¬ 
terial are indicated^ in Figure 2. The 
process of concept to pilot production 
takes nearly 5-8 years and almost be¬ 
yond 10 years to full commercialization. 
The product cost keeps reducing 
gradually over this period. 

The commercial success probability 
of a general R&D effort at different ^ 
stages of commercialization is indicated 
in Table 6. It could be'^’^^ as low as 
13%. However, the product success 
probability in a well-managed product 


development effort in a typical company 
in the field for some time could be as 
high as 65% according to American 
Manufacturers’ Association^^. 

High-tech R&D innovations could be 
categorized^ into two types. The heavy 
high-tech innovations (type I) involving 
high investments and long pay-off peri¬ 
ods, and light high-tech innovations 
(type II) featuring low investments and 
short development cycles. According to 
Akio Morito^^, the famous Chairman of 
the Sony Corporation (Japan), success 
in type II innovations results from a 
high degree of creativity not only in 
R&D but also in manufacturing and 
marketing. The success is all the more 
striking if all these three functional 
groups work simultaneously towards the 
product development goal. This ap¬ 
proach is called concurrent engineering, 
well exemplified by Fine^ in describing 
the successful product development 
efforts of two important products of 
Corning, viz. the glass laminate system 
(Corelle) and the K-richeterite glass 
ceramics (Pyroceram). 


The case for profit-making R&D 

In India, essentially two types of R&D 
are being carried out. One is R&D 
leading to imitative products, largely 
carried out in the industry for the pro¬ 
tected indigenous markets, and the sec¬ 
ond is the basic R&D in the academic 
and scientific organizations for generat¬ 
ing knowledge and sustaining the coun¬ 
try’s long-range R&D culture with a 
somewhat tentative aim of achieving 
major breakthroughs, although the 
mechanism of generating income from 
such breakthroughs is not very much 
understood. The most profitable R&D, 
however, as proved repeatedly by the 
Japanese, is the R&D leading to inno¬ 
vative products from the already exist¬ 
ing inventions designed with low 
investments and short development cy¬ 
cle times (type II). In a globalized econ¬ 
omy, one has to learn to do this type of 
R&D to derive fast economic benefits 
from the resources spent. 

Prospects 

Indigenous R&D in advanced 
ceramics ~ motivation and scope 

In the global scenario, the main motiva¬ 
tion for commercial R&D is to establish 
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newer and more lucrative markets. 
While this is the main motivation for 
countries like USA, Japan and Germany, 
who have already invested heavily in 
this area, the motivation for R&D in our 
country so far appears to be largely not 
to lag behind in the international scene 
and to prepare for the future. Right now 
the Indian markets for advanced ceram¬ 
ics are only too modest and so far we 
have not achieved substantial success 
even in electronic ceramics to build 
further on it for delivering winning 
structural ceramic products to the mar¬ 
ket-place. But if an R&D base is devel¬ 
oped, it could help in realizing, in due 
course, the potential of the structural 
ceramic products as enabling products 
to gain overall performance and cost 
advantage in different systems (e.g. as 
possible replacement of metal parts) 
Indigenous R&D is, therefore, expected 
to address itself to such a challenge. The 
different segments of the markets ii 
advanced ceramics in India are expected 
to grow in the following order, viz. ce¬ 
ramics for electronic and telecommuni¬ 
cation applications, ceramics for the 
engineering industry, ceramics for use 
in pollution control (for example, cata¬ 
lytic converters, etc.) and finally ceram¬ 
ics for automotive applications and 
energy conservation needs. 

Considering the overall scenario, the 
future scope (perhaps for the next five 
years) for indigenous commercial R&D 
in advanced ceramics appears to be in 
the following directions. Development 
of imitative products with innovative 
processes, use of relatively inexpensive 
raw materials, use of inexpensive ma¬ 
chinery, development of methodologies 
for faster R&D development times, and 
R&D for quality improvements of the 
currently manufactured products in the 
country. 

Profit-making product development 
efforts will be the name of the game in 
th.c future, requiring a thorough mastery 
ol ihe complete process of innovation 
starling from R&D to marketing. In 
addition to improved processes for the 
existing products, new products may 
have to be created (in view of the GATT 


agreement) to gain substantial commer¬ 
cial benefits of R&D. This means 
'technical supremacy’ and ‘innovative¬ 
ness’ over the competing products from 
around the., world and well-balanced 
products of high ‘reliability’ brought as 
quickly as possible into the market. In 
addition, this also means good entrepre¬ 
neurial management for the companies 
in this business and innovative manu¬ 
facturing and marketing ideas for the 
laboratories engaged in this work. In 
addition, it has also to be kept in mind 
that competitive advantage is not 
achieved by technology alone but also 
by how well it is related to the needs of 
the customer. 


Summary and concluding 
remarks 

Although product-oriented indigenous 
R&D in advanced ceramics started as 
early as 1960 (at NPL, New Delhi, for 
development of ferrites), there have so 
far been no significant commercial gains 
from the indigenous R&D efforts. A 
critical look indicates that there does 
not exist much planned and compre¬ 
hensive effort towards this goal keeping 
in view all the relevant issues in mind 
for a successful product development 
effort, viz. R&D, manufacturing and 
marketing. There appears to be an over¬ 
emphasis on R&D or technical devel¬ 
opment issues, neglecting the 
manufacturing and marketing issues. 
Secondly, there appears to be more of a 
tendency to commit to long-range high- 
tech innovations (involving high stakes 
and risks), neglecting the methodology 
of mastering and thereby deriving the 
economic benefits from short-range 
light high-tech innovations. R&D in 
commercial organizations has so far 
been geared mostly towards imilalivc 
products. But., with increased liberali¬ 
zation and globalization of the econ¬ 
omy, substantial innovative skills in 
R&D, manufacturing as well as market¬ 
ing are required to derive significant 
commercial benefits from the indige¬ 


nous R&D efforts. Since advanced ce¬ 
ramics (particularly, structural ceramics) 
is still an evolving area in the developed 
countries, there is still hope for indige¬ 
nous R&D to make a mark in our coun¬ 
try. Finally, when we are in the process 
of getting hooked on to the global mar¬ 
kets, it is important to be vigilant about 
the fact^ that ‘the global game is con¬ 
stantly changing in ways that can land 
even the largest and ablest practitioners 
gasping on the shore’. 
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Discovery of top quark at Fertnilab 

Abhijit Kshirsugar 

The CDF collaboration at Fermi National Accelerator Laboratory has recently announced evi¬ 
dence for the existence of a top quark with a mass of 174 GeV/c^. This discovery provides us now 
with a completed picture of the matter content of the standard model of elementary particle phys¬ 
ics. This article is aimed at providing a self-contained introduction to this report from a non- 
specialist ’s point of view. 


Recently, there have appeared some reports including 
a newspaper item, announcing the observation of the top 
quark, with its mass quoted as 174 GeV/c“. This has 
caused some excitement in the particle physics com¬ 
munity. These reports are based on the experimental 
data gathered by the CDF (collider detector at Fermilab) 
collaboration working at the Fermi National Accelerator 
Laboratory (FNAL) in Batavia, Illinois, in the United 
States. 

Even though no practising experimental or theoretical 
particle physicist questioned in her heart the existence 
of top quark prior to this reported discovery, it is none¬ 
theless very satisfying to have an experimental confir¬ 
mation of this belief. This is because the detection offers 
now a completed picture of the matter content of the so- 
called standard model of particle physics. What delayed 
the detection of the top quark so far was the very high- 
mass of it, quoted above. No experimental facility avail¬ 
able before the Tevatron accelerator at FNAL could 
boast of the initial energy and luminosity required for 
observing the signatures of top quark production with a 
reasonable rate of detection. Even the presently reported 
detection by CDF is based on comparatively not a very 
large statistics of events. The confidence of the collabo¬ 
ration in the truthfulness of this detection is based on 
their experimental skills with the detectors and very de¬ 
tailed statistical analyses performed on the data. 

In this article we shall first take a cursory look at the 
standard model of particle physics and the place of top 
quark in it. This will include some justification, from the 
point of view of a theorist, of its existence. We will then 
turn to a brief survey of the methods of experimental 
particle physics along with a list of existing facilities. 
This will be followed by a non-specialist’s discussion of 
the Fermilab experiment and its subsequent analysis 
which has led to the announced discovery. 

The standard model 

Though called a model, it actually represents a system¬ 
atic organization of, by now, fairly universally accepted 
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theoretical ideas and experimental facts about the ele¬ 
mentary particles and their dynamics. It enjoys the status 
of a theory with the exception that there are several pa¬ 
rameters in it which cannot be explained in a fundamen¬ 
tal way. From a mathematical viewpoint, the standard 
model is a relativistic quantum field theory based on the 
gauge symmetry of SU(3)c x SU(2)l x U(l)y group. The 
principle of special relativity is incorporated in it by 
demanding Lorentz invariance of this field theory. The 
gauge symmetry (also called gauge invariance princi¬ 
ple) serves a threefold purpose. It provides, firstly, a 
unique set of labels to each of the particles for identifi¬ 
cation purpose, protects some of them from acquiring a 
mass until the symmetry is broken by the Higgs sector 
and, thirdly, determines the dynamics of the particles in 
the standard model by dictating the structure of allowed 
interactions amongst them, it is worthwhile to note here 
that the physical reality in terms of the masses, charges 
of the particles, etc., and their behaviour emerges only upon 
breaking of gauge symmetry io a lower residual one. 

The particle content of the standard model, from a 
book-keeping angle, can be divided into three main 
parts: matter, gauge and Higgs sectors. The matter sec¬ 
tor consists of quarks and leptons, which are the elemen¬ 
tary constituents of the matter we are made up of. They 
are elementary in the sense that they do not have any 
further substructure. Some candidate theories have been 
proposed in which they are treated as composites, but 
they represent deviations from the standard model and 
we sh^l not indulge in these. The particle content of the 
matter sector is displayed below: 


Leptons 
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The labels L and R refer to the left- or right-handedness 
of the various particles, and it is apparent from the way 
the particle content is displayed above that there is an 
inherent asymmetry in Nature about handedness. This is 
an observed fact and a lot of effort has gone in to cor¬ 
rectly take account of it in the formulation of the model. 
The left-handed species occur naturally in doublet rep¬ 
resentation of the weak-isospin symmetry described by 
the SU(2) labels, which governs the weak interactions 
amongst particles. This property is shared by both kinds 
of fermions, i.e. leptons and quarks. In the leptonic 
sector, the lower member of an individual doublet is 
either the familiar electron (e") or its siblings, i.e. a 
muon (|u“) or a tau (t" ) lepton. The superscripted minus 
sign indicates the electric charge of a given lepton. 
Their doublet partners are the neutrinos (v) carrying a 
subscript which identifies them by their charged part¬ 
ners. The neutrinos are chargeless and are considered to 
be extremely light. The notion of massive neutrinos, e.g. 
of the Majorana kind, is very interesting from the point 
of view of particle physics phenomenology, but it repre¬ 
sents deviations from the standard model and so we 
shall refrain from considering it. The right-handed lep¬ 
tonic sector contains only the charged leptons; there are 
no right-handed neutrinos. This clearly indicates the 
left-right asymmetry. 

The quarks also occur as left-handed doublets of the 
SU(2) gauge symmetry, and so experience the weak in¬ 
teractions. One difference with the leptons is that both 
the members of a left-handed quark doublet have their 
right-handed counterparts. They, however, occur as 
singlets of the SU(2) group, i.e. do not feel the weak 
interactions. In addition to the weak interactions, the 
quarks also experience the force of strong interactions. 
This is encoded in the theory by assigning them labels 
under the SU(3)coioui symmetry denoted by the super¬ 
script a. This index takes values from one to three. The 
strong force is felt by quarks of both handedness. The 
interaction is called strong for the reason that it even¬ 
tually leads to the binding of various quarks together to 
.form the observed nucleons: e.g. a proton is composed 
of two up (u) and one down (d) quarks, whereas a neu¬ 
tron has two d’s and one u. This composition ratio, 
along with the fact that the corresponding electric 
charges are +1 and 0, respectively, is sufficient to de¬ 
duce that the electric charges of a u-quark is +2/3 and 
that of a d-quark is -1/3. In order to save the cluttering 
up of notation, these are usually not displayed. Addi¬ 
tionally, both the quarks and leptons carry a weak hy¬ 
percharge (7), which is also not displayed usually. It is 
known to contribute partially to the net electric charge 
of a particle and thus participates to a known extent in 
the electromagnetic interactions of them. It is due to this 
^mixing’ of the weak and electromagnetic interactions 
that they are sometimes referred to as electroweak inter¬ 
actions. 


The totality of the left-handed electron-neutrino dou¬ 
blet, the up-down quark doublet and their right-handed 
counterparts, e^, ug and df, represent one family or a 
generation of fermions. It contains in all fifteen states. It 
remains an outstanding puzzle of particle physics as to 
why Nature has chosen to replicate these generations 
thrice, with identical charges under the symmetry group 
of the standard model. These three generations are 
known to mix to a small extent and this mixing is be¬ 
lieved to have a very deep connection with the observed 
violation of two discrete symmetries of Nature, viz. 
charge conjugation and parity, taken together. 

The gauge sector includes the part of the standard 
model responsible for mediation of various forces. All 
the species of particles, according to the rules of under¬ 
lying quantum field theory, are supposed to interact via 
an exchange of the so-called gauge bosons. This idea is 
just an extension of the familiar notion of two electri¬ 
cally charged particles interacting via an exchange of 
photons. There is, however, one little complication: the 
weak and strong interactions are nonlinear, i.e. they 
permit self-interactions amongst the gauge bosons which 
transmit the corresponding forces. This is a property not 
shared by photons; they do not interact amongst them¬ 
selves in the absence of matter whereas the gauge bos¬ 
ons of the other two kinds most certainly do. 

If a gauge symmetry is described by a SU(«) group 
structure then the simple rule is that it correspondingly 
has - 1 kinds of gauge bosons: e.g. the SU(2 )l sym¬ 
metry of weak interactions manifests itself in the exis¬ 
tence of three gauge bosons: W^, W~ and Z^. Here the 
superscript denotes the electric charge of a species. 
These are collectively referred to as weak bosons. It is a 
triumph of technology of experimental particle physics 
that they have actually been produced and detected in 
the laboratory. Their masses and decay widths have been 
measured to a great accuracy and show excellent agree¬ 
ment with theory, almost to the extent of embarrassing 
the proponents of possible deviations from the standard 
model. 

Similarly, the SU(3)c symmetry of strong interactions, 
correspondingly, has eight gauge bosons called gluons. 
They are in turn responsible for binding the quarks to¬ 
gether to form nucleons and the residual interaction 
leftover manifests itself as the nuclear force. The gluons 
are themselves charged under the force of strong inter¬ 
actions and carry SU(3)c labels appropriate to the fact 
that they mediate the force between a quark (q) and an 
antiquark (^). An interesting feature, not shared by the 
electroweak bosons, is the formation of ‘glueballs’ as a 
result of self-interactions of gluons. These bound states 
do not require the presence of any matter, just the strong 
nature of the force energetically favours binding. The 
SU(3)c symmetry remains unbroken in Nature, and a 
profound theorem in quantum field theory implies that 
the gluons remain exactly massless, as a result. This is 
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in contrast with the electroweak gauge bosons, which 
acquire masses as a result of symmetry breaking due to 
the Higgs sector. 

The Higgs sector consists of a left-handed doublet of 
scalar particles, with the upper member (j)"^ carrying a 
positive charge whereas the lower member (j)^ is neutral. 
According to the Higgs mechanism, the ground state of 
the standard model prefers to be less symmetric com¬ 
pared to the allowed symmetry corresponding to the 
gauge group SU(3)c x SU(2 )l x U(l) 7 . This fact is sig¬ 
nalled by the lower member of the Higgs doublet (j)® ac¬ 
quiring a nonzero vacuum expectation value (VEV) of 
about 246 GeV. The masses of the electroweak gauge 
bosons and fermions are directly related to this VEV. 
Although the Higgs mechanism is a technically satisfac¬ 
tory way of generating the observed masses in the stan¬ 
dard model, it is the most poorly understood part of the 
whole theory, in a fundamental way. The Higgs mass is 
a completely free parameter and the origin of it is an¬ 
other outstanding problem of particle physics. Since we 
have no a priori clue about it, direct detection of the 
Higgs particle is very difficult. The on-going searches 
for it are based on the upper and lower bounds on the 
Higgs mass obtained from dynamical considerations. In 
fact, the top quark discovery announced by Fermilab is 
an outcome of the experimental setup whose ultimate 
aim is to look for the Higgs particle. 

Dynamics of the standard model 

So far, we had restricted our discussion to the descrip¬ 
tion of the table of elementary particles, i.e. their no¬ 
menclature and the labels associated with them for 
identification purpose. The dynamics of these particles, 
viz. how these particles interact with themselves and 
others, what decides whether a particular interaction is 
allowed in the standard model, what would be the out¬ 
come of a typical scattering experiment involving these 
particles, etc., are the kind of questions that are an¬ 
swered by the underlying mathematical structure. This 
structure is specified by the lagrangian of the relativistic 
quantum field theory with the gauge symmetry of the 
standard model. 

The lagrangian incorporates a quantum field (which 
depends on the spacetime coordinates as a function) for 
each degree of freedom associated with the elementary 
particles. In the corresponding mathematical expression, 
there are basically two kinds of terms. The first term 
represents the sum of kinetic energy terms for individual 
species while the latter is the total potential energy of 
various particle interactions. In general, the allowed 
terms are computed by explicitly incorporating invari¬ 
ance of the lagrangian under Lorentz and gauge symme¬ 
tries. All the possible terms satisfying these 
requirements constitute the final lagrangian and fix the 
dynamics. From the lagrangian, one can derive the 
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Feynman rules (as originally suggested by Richard 
Feynman in the context of quantum electrodynamics). 
These can be used to compute scattering cross-sections, 
probabilities, etc., corresponding to an experimental 
situation involving interactions of various particles, as a 
function of their charges, masses, momenta and ener¬ 
gies. One can also compute the rates of production and 
decay of any particle. This theoretical technology is at 
the heart of designing of actual laboratory experiments 
set up to produce various elementary particles and ob¬ 
serve their properties. 

Collider physics 

As remarked previously, stable matter consists of the 
first-generation fermions alone. The members of the 
second or third families of quarks and leptons do not 
occur naturally since they have reasonably short times to 
live before decaying eventually to the first-generation 
products. However, nothing prohibits their existence for 
these periods. They can be produced by colliding ex¬ 
tremely energetic stable particles and thereby creating a 
very small region in space with very high energy den¬ 
sity. This artificially created fireball then subsequently 
relaxes by producing a variety of particles, including 
those belonging to the higher generations. These parti¬ 
cles can travel nontrivial distances, determined by their 
masses, energies and lifetimes, before they decay fur¬ 
ther, producing a cascade. The final products are typi¬ 
cally first-generation particles, and/or stable nuclear 
matter and photons. The relative chances of production 
of various particles are specified by the branching ratios 
and are calculable from the Feynman diagram technol¬ 
ogy. The leptonic final product states are usually ‘clean’ 
in the sense that they consist of the leptons themselves, 
whereas the situation with final states involving quarks 
is quite murky. This again is an artefact of the strong 
nature of the force of quantum chromodynamics and 
what is called confinement of colour. Loosely speaking, 
the latter means that the only observable quark compos¬ 
ites are the combinations which are neutral under the 
SU(3) colour symmetry. This causes hadronization of 
the constituent quarks into mesons and baryons, i.e. nucle¬ 
ons in general, rapidly after they are produced in a colli¬ 
sion. The process of hadronization is a very complicated 
one since it involves many particles forming a quantum- 
mechanical bound state. It also includes gobbling up of 
gluons. The final picture which emerges is that the 
quarks produced at the interaction point (also called a 
vertex) in a collision experiment travel a short distance 
and hadronize thereafter. For a detector placed suffi¬ 
ciently away from the collision site, they therefore appear as 
streams of nucleons, and are usually referred to as jets. 

Einstein’s mass-energy relation tells us that there is a 
threshold which must be exceeded by the total energy- 
momentum of the initial colliding particles, in order to 
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produce particles of other kinds in a collision, viz. the 
rest mass of the produced unstable particle. If the initial 
total energy (conveniently parametrized by a variable 
^^s) h continuously increased, we would meet succes¬ 
sively the mass thresholds corresponding to more and 
more massive particles. This way the entire hierarchy of 
elementary particles can be probed, since the known 
branching ratios and the information from observed final 
states can be used to invert the experimental situation 
and infer the production of a massive particle as an in¬ 
termediate state. This is precisely the manner in which 
existence of particles from our table is established. It is 
now clear that the heavier the particle, the higher is the 
initial energy needed to produce it. The top quark being 
a member of the third generation and the heaviest of the 
lot, we now understand why it was not detected in ear¬ 
lier collider experiments, i.e. until the collider energy 
was cranked up sufficiently at Fermilab. 

In practice, a collider experimental set-up consists of 
a particle accelerator, a collision chamber to which 
various detectors are attached and computers for gather¬ 
ing the data output from the electronics of detectors as 
well as for performing the subsequent analysis. The ac¬ 
celerators are usually linear or circular in shape. The 
collisions are produced in either a fixed target manner 
or in a head-on way, commonly referred to as ‘in the 
centre of mass’. Typical parameters of an accelerator 
are: the type of particles accelerated, the beam energy, 
and the luminosity, i.e. the number of particles in a 
beam per unit area of cross-section per unit time. Col¬ 
liders have been conceived and operated with all the 
three possible combinations: electron-positron (e'^e"), 
electron-proton (ep) and proton-(anti)proton (pp). The 
major facilities around the world are DESY in Germany, 
KEK in Japan, CESR and SLAC in USA for the elec¬ 
tron-positron type, DESY for the electron-proton kind 
and CERN in Europe and Fermilab in USA for the had¬ 
ronic colliders. The electron-positron machines are the 
cleanest in terms of analysis of the data produced but 
they have inherent limitations on the highest energy they 
can reach. Presently, efforts are being made to push this 
upper limit using innovative technologies. The hadronic 
colliders do not have this problem but they are more 
expensive to build and operate since they are less effi¬ 
cient in the sense that much higher beam energies are 
required compared to the leptonic colliders for produc¬ 
ing particles of a given rest mass. The reason underly¬ 
ing this is again the strong nature of the force; a lot of 
energy is wasted in dehadronizing the nucleons to pro¬ 
duce reasonably energetic quarks which actually partici¬ 
pate in the collisions. All the quarks and leptons as well 
as the electroweak gauge bosons have been produced 
anc i^Uidied in some variant or the other of a collider 
experiment by one of the facilities cited above. 

In the remainder of this article, we shall see from 
a non-specialisf s point of view how the recently an¬ 


nounced discovery of the top quark was made at the Te- 
vatron in Fermilab. Before proceeding with that, it is 
worthwhile to pause and wonder as to why physicists 
believed in the existence of a top, prior to its discovery. 
The motivation arose from theoretical considerations. 
According to the standard model, left-handed quarks 
occur as doublets of the SU(2 )l gauge symmetiy. This 
fact is encoded into the weak-isospin charge assign¬ 
ments to the upper and lower components in a doublet. 
They are plus or minus half respectively, for a left 
handed doublet. These charges are not mere labels, but 
they actually govern the dynamics of the standard model 
by means of the conservation laws associated with them. 
They are measurable in an experiment: e.g. prior to the 
recent discovery of the top, it was known experimentally 
that the bottom (b) quark carried the SU(2 )l charge of 
minus half Internal consistency of the theory then re¬ 
quired that it be partners with some quark forming a 
doublet, which would carry plus half charge. The up (u) 
and charm (c) are possible candidates, but they are 
known to form doublets with the down (d) and strange 
(s) quarks and, therefore, are unavailable as a partner for 
the bottom quark. Also, the would-be partner had to be 
heavier than any of the known quarks in order to have 
had eluded experimental detection so far. This would-be 
partner is christened as the top (t) quark. Its mass is a 
parameter in the standard model and so only bounds on 
it could be established using theoretical consistency ar¬ 
guments. A lower bound of 130 GeV/c^ was already 
available from previous experiments at Fermilab, 
whereas a reasonable upper bound of about 1 TeV/c^ is 
inferred from the viability of the standard model. 

The top quark search at Fermilab 

The experimental set-up at FNAL consists of a pair of 
circular rings producing highly energetic proton and 
antiproton beams which are eventually made to collide 
head-on in a small region called the interaction cham¬ 
ber. Various detectors, analysers and calorimeters are 
fitted on the outside of it, transverse to the beam direc¬ 
tion. Amongst these are the CDF and DO detectors, 
which played a major role in the top quark search. The 
beam energy for this experiment corresponded to the 
parameter value yfs of 1.8 TeV. The experiment ran for 
several months and the data collected over this period 
are called the 1992-93 run of the Tevatron. The lumi¬ 
nosity summed over this entire running period, and 
therefore appropriately called integrated luminosity, was 
19.3 X 10^" cm‘^. 

Theoretically, the most probable mechanism of top 
quark production at the above collider energies is via 
the production of top-antitop (tt) pairs. The t -quark is 
supposed to have the same mass as a top but it carries 
exactly the opposite charges of the top quark otherwise. 
Existence of such antiparticles is forced upon us by the 
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relativistic nature of the underlying quantum field theory 
describing the standard model. This is in conformity 
with the conservation laws for various charges since a 
particle-antiparticle pair does not carry any net charge 
and, therefore, would not violate any symmetries if pro¬ 
duced in a qq or pp collision. The Feynman rules corre¬ 
sponding to processes involving antiparticles can simply 
be obtained from those for ordinary particles by revers¬ 
ing all the charges and directions of flow of all the mo¬ 
menta. The standard model processes that involve tt 
production from the initial pp collisions are summarized 
in Figure 1. For the purpose of our discussion, time can 
be thought of as flowing from left to right, i.e. subse¬ 
quent decays will appear to the right of the event denot¬ 
ing the production of a species. 

In each of these diagrams, a black dot indicates the 
initial interaction vertex, viz. the point of collision of qq 
in the collider. It produces a tt pair. Once produced, a 
top quark (from here on we shall follow only the t- 
branch, analogous statements can be replicated for the 
F -branch) loves to decay into a gauge boson and a 
b-quark. This requires that the energy carried by the top 
is greater than the sum of the rest masses of the b and 
the W^. This process and the analogous one for the t is 
common to all the three diagrams. Further distinction 
arises from what is the decay mode of the arising 
from the t-decay and the W~ from the t -decay. Accord¬ 
ing to the standard model, a (or a W") can decay 
either to a lepton-(anti)neutrino pair (e.g. e" + or 
v^), generically denoted as iV(> pair or a qq pair. 
These are, respectively, referred to as leptonic or had¬ 
ronic decay modes of a W-gauge boson. 

If both the W’s decay leptonically, then the final state 
detected by the detectors comprises of two leptons ai^ 
two jets arising from the hadronization of the b and b 
quarks produced earlier in the decay of the top. The 
(anti)neutrinos escape direct detection owing to their 
charge neutrality as well as very weak coupling to mat¬ 
ter. Their production is usually inferred kinematically 
from the missing energy-momentum needed to satisfy 
the associated conservation law. This chain of events is 
depicted in Figure la and is referred to by the CDF 
collaboration as the dilepton mode. Figure 1 b corre¬ 
sponds to the possibility that one of the W’s decays 
leptonically while the other hadronically. This produces 
the final state comprising of a lepton I, (anti)neutrino Vj_ 
and four jets arising from the hadronization of the bb 
and qq pairs. This is called leptons+jets mode. The final 
possibility (Figure 1 c) is that both the W’s decay had¬ 
ronically, which corresponds to six jets in the final state 
and no leptons. This is the pure-jets mode. 

The experimental situation, however, is nowhere as 
close to the clearly separated three possibilities de¬ 
scribed above. The actual data gathered are extremely 
messy and it is quite a task to isolate the ‘signal’ corre- 



Figure 1. Production of tt from the initial pp collisions. 

sponding to the tt production and decay. Since the de¬ 
tectors detect only the final states, the signal is usually 
corroborated by various alternately allowed physical 
processes that can mimic the final state but which do not 
involve the top. Their contribution to the final detection 
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is collectively referred to as background and represents 
the noise in the data. The background contribution var¬ 
ies from mode to mode and also significantly depends 
on the would-be mass of the top. 

The CDF detector at Tevatron is equipped to isolate 
the signal coming from the dilepton and lepton-fjets 
processes. The background for the fully hadronic final 
state is so heavy that it makes impossible for the ex¬ 
perimentalists to say with any degree of confidence that 
even a single event of the pure-jets mode involves an 
intermediate tt production. This is primarily due to the 
fact that the jets contain all kinds of hadrons as well as 
that hadronic jets can be produced with equal ease in the 
primary interaction region, as a result of the qq colli¬ 
sions. The CDF analysis of the data simply rejects all 
the events in the fully hadronic channel and concentrates 
on the data corresponding to the dilepton and lep- 
ton+jets mode. These are the modes depicted in Fig¬ 
ure 1 a and b. Theoretical estimates of the probabilities 
for channels corresponding to Figure \a and b are 5% 
and 30%, respectively, while the remaining 65% corre¬ 
sponds to the rejected fully hadronic channel. Needless 
to say, majority of the data are rejected and retrieving 
the tt production signal is like looking for a needle in a 
haystack. In order to reduce the background faking the 
desired signal in the remaining modes, CDF collabora¬ 
tion has devised several ingenious methods. Amongst 
other things, they introduce several kinematic cuts on 
the data to further reject the events from the data which 
show only two or three jets. By running Monte Carlo simu¬ 
lations corresponding to various background possibilities 
emulating the signal, they estimate the number of back¬ 
ground events, and excess over which can then qualify to be 
the real signal indicating intermediate tt production. 

The CDF collaboration’s quest for the true tt events 
does not stop at this stage. They employ further two 
clever techniques called SVX and SLT tagging. SVX 
tagging involves an experimental set-up called the sec¬ 
ondary vertex detector (SVX). It has the ability to dis¬ 
tinguish between different points in the interaction 
region from where different b-jets can originate. It can 
e.g. differentiate between the main interaction vertex of 
the pp collision and a secondary vertex from which a b- 
jet can originate. The events which are SVX-tagged in 
this manner have a better chance of having been pro¬ 
duced through the tt channel as opposed to the non- 
SVX tagged events. The other technique is called soft 
lepton tagging (SLT). The b-quarks produced as a result 
of the t —> W^b decay are capable of decaying further, 
instead of simply hadronizing into jets. A typical decay 
of this type would be b -> tvX, where ^ is a lepton, v is 
a neutrino and X is everything else. The lepton produced 
from such a b-decay typically has much lower energy 
whence the adjective ‘soft’) as compared to a lepton pro¬ 
duced from, say, a W-decay. The latter contributes to 


the background. The reason for this is that a W-boson is 
much heavier than a b-quark. The upshot of all this 
event rejection analysis, various kinematic cuts intro¬ 
duced on the data and folding in of the statistical and 
systematic errors is that CDF claims to see an excess of 
dilepton, SVX- or SLT-tagged events above the esti¬ 
mated background when the number of jets in the final 
state exceeds three. This excess is interpreted as evi¬ 
dence for top quark production. For one or two jets 
there is no signal above the background. Just to appre¬ 
ciate the labour involved in data analysis, besides the 
experimental intricacies, the final number of ‘candidate’ 
events is a mere fifteen whereas the total number of 
events gathered in the 1992-93 run is about 10^^. Using the 
candidate events which survive all the acid tests mentioned 
above, and the kinematics of a typicaT event, CDF col¬ 
laboration made a likelihood fit to the mass of the top 
quark. They quote its most probable value as 174 + 
10;!;}2 GeV/c^. The first uncertainty in this quote is due 
to statistical errors while the latter is due to systematics. 

The elaborate analysis performed by CDF and their 
conclusion, though convincing, are not altogether free of 
criticism. This is primarily due to the very small number 
of candidate events. Another objection is due to the 
claim by the other collaboration DO at Fermilab (which 
incidentally does not have the SVX facility), that their 
data are consistent with the hypothesis of ‘no top’. Some 
theoreticians object to the fairly large value of Miop 
quoted by CDF, since if one preferred living out on the 
edge of errors with the CDF data, the chances of cor¬ 
rectness of the standard model as the theory of elemen¬ 
tary particles are significantly reduced. These objections 
have, of course, been carefully noted by CDF collabora¬ 
tion and only additional data from the 1993-94 run of 
the Tevatron can improve the statistics further. In the 
meanwhile, it is, however, not very discomforting to 
accept the present CDF analysis and even to rejoice the 
discovery of the top quark! 

Note added in proof. According to the recently announced 
reports based on the 1993-94 run of the Tevatron the DO col¬ 
laboration also has confirmed the observation of the top quark 
made earlier by the CDF collaboration referred to in this arti¬ 
cle. 
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2. Evidence for Top Quark Production in pp collisions at 
ds= 1.8 TeV, CDF collaboration, Phys. Rev. Lett., 1994, 73, 225. 

3. Phys Today, May and June 1994 issues. 
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The ultimate constituents of matter* 


K. V. L. Sarma 

What is the world made of? What are its ultimate constituents? How do they interact with one 
another? According to the current view, the fundamental building blocks of matter are quarks and 
leptons, which interact by exchanging gauge bosons. 

In ancient times, answers to such questions were sought in the qualitative features of matter: 
earth, water, fire, air and ether as the fundamental elements. The atomic hypothesis of matter was 
proposed 24 centuries ago by Democritus. The word ‘atom' in Greek means something indivisible 
and eternal; according to some, the words ‘atom' and ‘atma' have the same root. In India the 
‘kana' hypothesis was advocated by Kaanaada Maharishi around the fifth century A. D. 


Early developments 

Particle physics was born in 1897 with the discovery of 
the electron by J. J. Thomson. This discovery demol¬ 
ished the earlier view by showing that atoms are divisi¬ 
ble. The electron accelerator of Thomson was the 
cathode ray tube. It is amusing that this accelerator is 
being admired by the millions today as they keep staring 
at the TV screens. 

Next came the experiments of Rutherford and his 
group, wherein a-particles from the radium decay were 
fired at gold atoms. The results were unexpected. At that 
time the atom was pictured as a diffuse distribution of 
positive charge with a few electrons stuck in it here and 
there, like the seeds in a water-melon. Rutherford 
thought he was firing small steel balls into such stuff, 
but the results surprised him as much as some of the 
balls were to turn back and hit him on the face. He in¬ 
terpreted the results in terms of a model in which all the 
positive charge of the atom is concentrated at the centre 
and electrons are running around it - a dynamic model 
of the atom. It was the strong Coulomb repulsion of the 
gold nucleus that caused a few of the a-particles to 
scatter back. 

I recalled this well-known 1911 proposal of the point 
nucleus because it got repeated in a slightly different 
way in 1968. The genius of Feynman was needed to in¬ 
terpret the observed large rate of inelastic scattering of 
electrons; the model was that a proton is made of point 
constituents called 'partons’. The charged partons were 
later identified with the quarks. 

Till 1932 the fundamental particles were electrons and 
protons. Developments in particle acceleration tech¬ 
niques enabled the study of nuclear reactions, from 
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which it was deduced that atomic nuclei consist of pro¬ 
tons and neutrons. The strong nuclear force working at 
the nuclear distances was invented to keep the nuclear 
constituents bound together. The story gets repeated - to 
keep the partons bound inside the proton, the ‘colour’ 
force of QCD (quantum chromodynamics, which is the 
modem theory of the strong force) is invented. 

Isospin 

In spite of their unequal charges, proton and neutron 
have very nearly equal masses: the neutron-proton mass 
difference is ~ 0.1% of the average mass. In 1932 itself 
(the year Chadwick discovered the neutron), Heisenberg 
came up with the profound idea of isospin symmetry. 
This was the first approximate symmetry that entered 
particle physics. 

Heisenberg reasoned that just as the spin-up and spin- 
down states of the electron are two possible states of the 
same particle, proton and neutron could be regarded as 
the ‘up’ and ‘down’ states of a nucleon possessing iso¬ 
spin (short form of isotopic spin). He suggested the 
symmetry group SU(2), the special unitary group in two 
dimensions. This symmetry, however, is inexact; it is 
broken by the electromagnetic interaction, which can 
distinguish a proton from a neutron. Nevertheless, the 
isospin symmetry has turned out to be extremely useful. 
It inspired the proposal of SU(3) symmetry, which led to 
the hypothesis of the u, d, s quarks. 

SU(3) Symmetry and quark hypothesis 

Strangeness is an attribute like the electric charge. It 
was invented to explain the long lifetimes (10”^-10"^^ s) 
of certain particles which were produced in nuclear col¬ 
lisions (having a characteristic time scale of 10"^^ s). 
The hypothesis is that strangeness is conserved as long 
as either the strong nuclear force or the electromagnetic 
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force operates, but strangeness is not conserved when 
the weak force operates. Since the weak force is slow to 
work, strange particles live long. Around the early 
1960s experiments revealed the existence of many ex¬ 
cited states called ‘resonances’. They included reso¬ 
nances with one or two units of strangeness but all had 
short lifetimes ~ 10~"'' s; it was observed that all their 
decays conserved strangeness, as expected. 

In order to include the strange particles in the scheme 
of isospin symmetry, Gell-Mann and, independently, 
Ne’eman, suggested grouping particles according to the 
unitary' symmetry SU(3). The multiplets suggested were 
the octets {8} and decuplets {10} of the SU(3) group. 
As an approximate symmetry, the SU(3) unitary symme¬ 
try is cruder than the isospin symmetry SU(2) because in 
some cases the mass differences could be as large as 
-30% of the average mass in the multiplet. How'ever, 
adopting a special procedure to break the SU(3) symme¬ 
try, it was possible to explain the relative masses, pro¬ 
duction rates and decay rates of the strange and 
nonstrange particles in the multiplets. Finally, in 1964, 
the experimental finding of the predicted Q", a baryon 
carrying three units of strangeness, came as a spectacu¬ 
lar triumph for the SU(3) symmetry scheme. 

It was, however, curious that the particles were always 
occurring as either octets or decuplets or singlets of the 
SU(3) group. To explain this feature, in 1964 Gell-Mann 
and, independently, Zweig speculated that three funda¬ 
mental particles called quarks could be the constituents 
of the hadrons (a common name for baryons and mes¬ 
ons). They are the u (up), d (down) and s (strange) 
quarks; they are assigned fractional electric charges: u 
with je, d and s each with -je. A baryon is a bound 
system of three quarks, and meson is a bound system of 
quark-antiquark pair; thus, the main constituents of p 
are (uud), those of n are (udd), those of are (us), etc. 

More flavours 

Today we have more quantum numbers besides strange¬ 
ness, or, to use the modern jargon, we have more 
‘flavours’. A quark is invented for each flavour. How 
are the new flavours discovered? We expect a massive 
particle to be short-lived, because it has many more 
channels to decay into than a lighter particle. But certain 
resonant states (J/yr, T, ...) which can be formed in 
electron-positron annihilation were found to have high 
masses and unusually long lifetimes (about 10^ times 
longer than expected). A state of this type could be in¬ 
terpreted as bound systems of QQ, where Q denotes a 
heavy quark carrying a new flavour, like the strange¬ 
ness. The related spectroscopy is similar to that of the 
positronium (eV) states. The postulated heavy quark Q 
also implies the existence of other bound states: Q with 
a light antiquark (Qq) as a new meson, and Q with a 
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pair of light quarks (Qqq) as a new baryon, and their 
excited states. 

So far two heavy flavours have been discovered: 
charm in 1974 and bottom in 1977. At present the 
search is continuing for the top flavour. In the recent 
years great interest has come to be associated with the 
bottom mesons B, which have picosecond lifetimes, as 
some of their decays are expected to exhibit sizeable 
violations of CP symmetry. For studying these issues, 
intense sources of bottom mesons known as ‘B- 
factories’ are currently being built (at Stanford and at 
KEK, Japan). 

Leptons 

Besides hadrons, matter consists also of leptons. The 
word lepton connotes something light or feeble. Leptons 
cannot feel the strong nuclear force. There are two va¬ 
rieties of leptons, charged (like the e ) and uncharged 
(like the neutrino Ve). 

Neutrinos are tiny neutral particles carrying very little 
or no mass. They were originally invented by Pauli to 
ensure the conservation of energy, etc., in beta decay 
processes. They cannot ‘feel’ the strong interaction or 
electromagnetic interactions; their only interaction with 
matter being weak, it is difficult to detect them. The 
electron-antineutrino Vg emitted in the nuclear beta de¬ 
cay was first detected around 1954 by Cowan and 
Reines. An antineutrino is an anti lepton. 

Muon is a charged lepton which entered the scene as 
an uninvited guest. Even today we are baffled by its 
presence. It is heavy with a mass of 207/77e « 106 MeV, 
and is unstable with a mean life of 2.2 ps. In all its'in¬ 
teractions with matter the p~ behaves just like the e’. 
Thus, we may regard the muon as ‘the electron’ of a 
different generation w'hose members for some unknown 
reason happen to be heavy. We say that e belongs to the 
first generation and p belongs to the second generation. 

The decay of a muon involves its own brand of neu¬ 
trino denoted by v^. How is this neutrino different from 
the Ve? Consider a beam of high-energy neutrinos im¬ 
pinging on a nuclear target. In the nuclear collision a Ve 
can change into an e~ by causing a corresponding in¬ 
crease of charge among the nuclear fragments, but it 
cannot change into a p'. On the other hand, a v^ collid¬ 
ing with nuclei can turn into a p" but not into an e", a 
fact which was experimentally demonstrated in 1962 and 
for which L. Lederman, M. Schwartz and J. Steinberger 
shared the 1988 Nobel Prize. All it means is that a neu¬ 
trino of a given generation can produce a charged lepton 
only of that generation. Today at the particle accelera¬ 
tors we can work with either a neutrino beam or an anti¬ 
neutrino beam of the ‘muon’ kind. 

In 1975 another charged lepton, called the tau lepton^ 
was discovered through the reaction e^ + e“ -> x"" -f i:~. 
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The tau lepton was classified as belonging to the th/rci 
generation. This is the heaviest and also the shortest- 
lived lepton today; its mass is 1.98 GeV and its mean 
life is 0.3 ps. Experiments indicate the absence of a 
lepton heavier than x and lighter than 45 GeV. It is ex¬ 
pected that the tau lepton has its own brand of neutrino 
but it is still to be experimentally demonstrated that a 
does produce a t“. 

In summary, the following three generations of lep¬ 
tons have been identified so far: 

(e', Ve), (fX‘ v^), (x“, vj. 

Can there be more generations? The high precision data 
on the decay properties of the neutral weak boson Z 
limit the neutrino types to three. From this it is con¬ 
cluded that there are no more neutrinos of the standard 
kind, and hence no more lepton generations to be dis¬ 
covered. 


Quarks are for real 

The 1990 Nobel Prize in physics went to J. Friedman, 
H. Kendall and R. Taylor for their experimental work on 
deep inelastic scattering of electrons on nuclear targets. 
Their first work was done in 1968 using 20 GeV elec¬ 
trons from the linear accelerator at Stanford. Their 
group measured the energy and momentum transferred 
to the nucleon in the reaction e" + p e~ + hadrons 
(Figure 1). 

Let us define the following four terms: 

Electron energy transfer v = E ~ E\ where E and E' 
are the initial and final electron energies. 

Momentum transfer variable = AEE' sin“ y, where 
0 is the electron scattering angle in the laboratory. A 
large value of ^ means a large resolving power of the 
photon (y) which is probing the proton structure. 

Deep inelastic scattering corresponds to taking Marge’ 
values of and v (in units of proton mass 
M-lGeV).*'*^ 

Bjorken scaling variable x = Q^UMv. 

Earlier experiments showed that the cross-section for 
elastic scattering e“ + p —> e~ + p (which corresponds to 
x=\) decreases dramatically with increasing Q^; the 
data indicated a proton charge distribution which is 
continuous and decreases exponentially with radial dis¬ 
tance. In inelastic scattering at high energies, 
E » 1 GeV, although many hadrons are created, one 
may choose to observe only the electron. In such 
‘inclusive’ experiments, consider the ‘deep inelastic 
scattering’ regime, which simply means considering 
large and large v values. It was noticed that the cor¬ 
responding collision rates remained sizeable even at 
high values of Q~, i.e. even with increased resolution the 
scattering rate did not come down. 



HADRONS 


Figure 1. Deep inelastic scattering of electron on a proton described 
by the exchange of a virtual photon. 



HADRONS 


Figure 2. Parton model description of the deep inelastic electron- 
proton scattering. 


To be more precise, let us consider the structure func¬ 
tions F\ and Fj of the inelastic scattering cross-section, 

-^ = (...)F, (X, 0") + (...) F, (x,Q^l 

dQ^dv 

where the dots denote some known functions of the ex¬ 
perimental observables. Now, although the functions F^ 
are unknown, experiments revealed that their de¬ 
pendence occurred only as scaled by 2Mv through the 
dimensionless variable x = Q^flMv and after that very 
little dependence remained, 

F/(x, 0^) ^ F/(x). 

This is known as the ‘scaling of the structure functions’. 
But what does it signify? 

Partons 

The physical meaning of the scaling variable x and the 
structure functions F/(x) were elucidated by Feynman. 
He postulated the existence of partons which are point 
constituents in the proton. The deep inelastic scattering 
process is interpreted as the elastic scattering of electron 
on a quasi-free parton, which is a ‘part’ of the proton 
(Figure 2). The scattering parton by virtue of its point 
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charge leads to large scattering even at large angles 
(recall Rutherford’s point nucleus). 

The variable jc is interpreted as the fractional share of 
the parton in the nucleon’s momentum. The structure 
function F 2 (x) is related to the probabilities for finding 
specific charged partons, each carrying a fractional mo¬ 
mentum X of the target nucleon. 

Data on the ratio of structure functions (F 1 IF 2 ) 
showed that the parton spin is consistent with Data 
from the deep inelastic scattering experiments using 
beams and Vj^ beams showed that the electric charges of 
the partons are consistent with -e and -|e. In this way 
the partons of Feynman have come be identified with the 
quarks postulated earlier. 


The standard model 

This model is a culmination of several decades of ex¬ 
perimentation and development of many theoretical in¬ 
sights. It is a field theory in which the notion of gauge 
invariance plays the central role. The standard model 
(SM) has two strands - one is the unified theory of the 
electro weak forces invented by S. Glashow, A. Salam 
and S. Weinberg, who won the 1979 Nobel Prize, and 
the other is the QCD theory of the strong colour forces. 

As for the fundamental particles, there are two kinds 
(Figure 3): the first kind are spin -j- fermions and they 
make up the matter in the universe. They are the six 
quarks and six leptons, arranged neatly in three genera¬ 
tions. Every matter particle has its antiparticle. The sec¬ 
ond kind of fundamental particles are spin-1 bosons, and 
they are the ‘force carriers’. There are four carriers of 
the electroweak force: the massless photon y, the two 
charged weak bosons and W~ and the neutral weak 
boson Z. The weak bosons are massive and short-lived; 
they were discovered in 1983, although effects of the Z 
were noticed in 1973 in the celebrated discovery of 
weak neutral currents. The QCD force is transmitted by 
eight gluons; they are massless and interact with the 
‘colour’ charge. 

Quarks feel both the electroweak force and the QCD 
force. Leptons being colourless cannot experience the 
QCD force. 

SM also needs a mythical particle called the ‘Higgs’. 
It bears the name of the physicist Peter Higgs who in¬ 
vented (in 1964) a mechanism by which, in a field the¬ 
ory obeying gauge invariance, we can have gauge 
bosons that are massive. This subtle mechanism was a 
key ingredient in unifying the long-ranged electromag¬ 
netic interaction (mediated by the massless photon) with 
the short-ranged weak interactions (mediated by the 
massive bosons W and Z). 

How does the SM fare? Today all the experimental re¬ 
sults arc in good agreement with the predictions of the 
SM. There are, however, some gaps in its verification. 


The Standard Model 
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Three Generations of Matter 

Figure 3. Elementary particles of the standard model. 
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Two of the matter particles the top quark t and the tau- 
neutrino are still to be identified. We have no clue 
about the existence of the Higgs boson. 

SM certainly cannot be the final theory. It has many 
free parameters (~18) which are presently taken from 
experiments. One of the shortcomings of SM is that it 
cannot explain why leptons and quarks repeat in 
‘generations’. 


Style of research in high-energy physics 

Experimental research in high-energy physics is no 
longer an effort of a few individuals. It has now reached 
the level of a global enterprise out of sheer necessity. 
The size and complexity of today’s particle detectors are 
truly fantastic. The required material and manpower 
resources have become so immense that no single insti¬ 
tution or country can support them. 

For instance, the DZero group working at the Fermi- 
lab Tevatron has a detector weighing nearly 5000 tons 
and a few storeys high. It took nearly 10 years to build it 
at a cost of about 100 M$. When the group publishes a 
paper the authors total about 420, hailing from 40 insti¬ 
tutions, including three Indian teams from TIFR, Delhi 
University and Panjab University. This is a typical Mul¬ 
tinational Collaboration (MNC). At present several such 
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Figure 4. Forms of matter and energy. 


MNCs are functioning at the major accelerator facilities 
such as the LEP collider in Geneva and HERA in 
Hamburg. 

Future MNCs are going to be even bigger! By 2004, 
CERN plans to build a pp collider LHC (large hadron 
collider) giving 9 TeV energy. The CMS (compact 
muon solenoid) group, which desires to do experiments 
at LHC, may have about 1200 people coming from 125 
institutions (about 30 people from five groups in India). 
The estimated budget of CMS is 300 M$ (» Rs 1000 
crore). Its rival group, called ATLAS, may be similar in 
most respects. 

Some questions of sociology of the MNC may be in¬ 
teresting: How does a MNC take shape? Who will de¬ 
cide on the work to be allocated to a subgroup, and how 
is it supervised? Is the work subcontracted out? How are 
the various kinds of contributions to be costed and ac¬ 
counted? (This was the main point of the recent dispute 
between France and Germany in the CERN funding.) 
What kind of scientific freedom will people have? How 
is the interest sustained for long periods (7-10 years) 
during the detector construction? How can Ph D students 
work so long without getting any physics results? Un¬ 
usual talents are needed in managing such huge scien¬ 
tific teams. When a MNC publishes a paper it should go 
to the credit of the entire physics community, for 
is it not a positive affirmation that people can work 
together? 


Conclusion 

In the recent years there have been two fundamental 
advances in our understanding of the physical world. 
First is the recognition that quarks and leptons are the 
fundamental constituents of matter, second is that they 
interact by exchanging the gauge bosons (Figure 4)^ 

We have a successful model, called the standard 
model, which requires six quarks and six leptons. Of 
these, the top quark and the tau-neutrino are yet to be 
identified experimentally. We do not understand why 
quarks and leptons repeat in generations, and why there 
are three generations. Perhaps there is an underlying 
‘shell’ structure as in the repeating chemical properties 
in the periodic table. 

I end by quoting J. R. Oppenheimer: ‘By calling a 
particle fundamental we mean only that it has not proven 
possible, profitable, or useful to regard it as made up of 
something else.’ We wait for the peeling of the next 
layer of the ‘onion’. 


Some explanatory notes 

Tevatron. At present the most energetic particle accel¬ 
erator on earth is the Tevatron, located at Fermilab near 
Chicago. Here bunches of p and ]p get accelerated in 
opposite directions and are made to collide with each 
other. Every second about 250,000 collisions take place. 
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The total collision energy involved is 1.8 TeV 
(TeV = tera eV = trillion eV = 10^^ tV ^ 1066 
(Mc^)proton)- This energy is available for the production 
of new particles. Some particles should be produced 
along with their antiparticles; the threshold energy for 
producing a tt pair could be about 0.4 TeV. 

Is the top quark discovered! In April 1994 the CDF 
(collider detector at Fermilab) group announced evi¬ 
dence for the top quark t on the basis of a handful 
of events. The mass given was 0.174 ± 0,017-TeV, 
which is 35 times larger than the mass of the bottom 
quark b. 

Due to its large mass, the top quark is expected to be 
very short-lived (~10~^^s; the bottom quark lives com¬ 
paratively longer, -10“^^ s), and top decays should in¬ 
volve too many particles. The decay products W might 
also be short-lived and lead to many decay products. 
Among them the neutrinos always escape detection. 
Further, the top does not decay the same way every 
time. More worrisome is the so-called ‘background’, 
which is to do with statistics. Top signal is expected to 
be rather weak, with the signal-to-noise of about one in 
a billion. The nagging doubt is whether the interesting 
event is just a statistical fluctuation of the usual kind of 
events. The only way to be sure is to accumulate more 
events. This means that the accelerator has to be run 
more efficiently and for longer time. 

The rival group DZero working at the Tevatron had 
reported no evidence for the top as of now. To be sure, 
therefore, we have to wait for more definitive evidence. 
Colour, ^his is a degree of freedom which is invented 
to respect the Pauli principle among quarks. Consider, 
for example, the baryon QT in the spin state J=j, 
Jz = j. It ought to be the ground state of three strange 
quarks (sss) all in the same spin state, but such a con¬ 
figuration is disallowed by the Pauli principle. As a way 
out of such problems a three-valued label called ‘colour’ 
was invented, and people even use the words red, green 
and blue to label this degree of freedom. As the white 
light is composed of colours, all the observed hadrons 
are colourless while their quark constituents are col¬ 
oured. A proton is colourless but each of its three main 
constituent quarks has a different colour. 

QCD. Quarks can interact by exchanging the colour 
label. The corresponding force carriers are called 
‘gluons’, which are similar to photons. The theory of 
interactions of quarks and gluons is quantum chromo (or 
colour) dynamics (QCD). It is based on the colour sym¬ 
metry group SU(3)c (which is unrelated to the earlier- 
mentioned favour group of Gell-Mann and Ne’eman). 
QCD is a field theory patterned along the lines of the 
well-known quantum electrodynamics (QED). The un¬ 
usual feature is that gluons carry colour and hence can 
interact with other gluons (besides the quarks). QCD has 
eight kinds of gluons. 
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Quark confinement. An isolated quark has not been 
observed so far. If proton consists of quarks and gluons, 
why cannot we knock them out in high-energy colli¬ 
sions? There might be forces which become strongly 
attractive with increasing distance and prevent the 
quarks from getting out of the hadron. It is believed that 
this type of confining force is a special feature of QCD. 
Asymptotic freedom and infrared slavery. Parton model 
assumes the quarks inside a hadron to be nearly free. 
How can we Justify this when the quarks in a hadron are 
so tightly bound as to be never able to leave it? Around 
1973, it was demonstrated that the QCD force has the 
property that it becomes feeble as the distance de¬ 
creases, contrary to the Coulomb force. Since short dis¬ 
tances can be probed only at high energies, this aspect 
of the quark force is named the ‘asymptotic freedom’. 
On the other hand, hadron is like a prison and partons 
are like slaves who roam around freely in the prison; but 
when one tries to escape, the others pull it back. This 
long-distance feature of the QCD force is whimsically 
termed ‘infrared slavery’. 

Jets. What happens when a quark is hit hard? The quark 
immediately radiates a gluon, which can break into two 
gluons or three gluons or a quark-antiquark pair; these 
in turn lead to more gluons and more quark pairs until 
the energy is dissipated. From such an amalgam, colour¬ 
less states of quark-antiquark pairs and three-quark 
states emerge as observable hadrons. The net result is a 
hadron shower manifesting as a highly collimated ‘jet’ 
of hadrons in the direction of the struck quark. Hadron 
jets of this kind are seen in many experiments and they 
are regarded as ‘hadronization’ of energetic quarks or 
gluons. 

Spontaneous symmetry breaking (SSB). Consider the 
theory of a charged scalar field 0 such that the state in 
which 0=0 everywhere is not the lowest-energy state 
(recall the double-well potential). The state with the 
lowest energy will have a nonzero 0 field; in other 
words, the expectation value of the field in the vacuum 
state is nonzero, (0) 9^ 0. 

The analogy here is to the ferromagnetic ordering be¬ 
low the Curie temperature where the domains in the fer¬ 
romagnetic material appear spontaneously even when 
the overall magnetization is zero. Both the translational 
and rotational invariances are lost although the original 
electromagnetic interaction conserves these symmetries. 
This is an example of the spontaneously broken sym¬ 
metry. 

SSB always leads to the prediction of massless spin¬ 
less particles called ‘Goldstone bosons’. There is no 
experimental evidence for such particles. 

Higgs mechanism. The nature of this mechanism is ab¬ 
stract. It is concerned with the spontaneous breaking of 
the gauge symmetry. By this mechanism the Goldstone 
boson can be banished (by using the freedom in choos¬ 
ing the gauge) and, simultaneously, the gauge vector 

CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 



GENERAL ARTICLES 


boson which is meant to transmit a short-ranged force 
can be made to acquire mass. Thus, the unwanted Gold- 
stone boson is ‘fed’ to the gauge boson, which becomes 
massive and is capable of mediating a short-range force. 

In the electroweak gauge theory there are four gauge 
bosons. Assuming the gauge symmetry to be spontane¬ 
ously broken and appealing to the Higgs mechanism, it 
is possible to keep the electromagnetic field quantum 7 
massless and the three weak bosons W* and Z massive. 
It is the massive nature of the W and Z which makes the 
‘weak’ force weak. To put it differently, the Higgs 
mechanism gives us a way to create the asymmetry be¬ 
tween the left-handed and the right-handed particles - 
an asymmetry which is manifest as the well-known par¬ 
ity violation in weak interactions. 

But what is the price for invoking the Higgs mecha¬ 
nism in the SM? After making the three weak bosons 
massive, one component of the original neutral <p field is 
left over. This relic should be existing as a neutral scalar 
particle with unknown mass, and this is the Higgs boson 
of the SM. Its characteristic feature is that its coupling 
to a fermion pair is proportional to the fermion mass. 
Present data rule out the Higgs boson lighter than about 
60 GeV. 


Supersymmetry. It proposes a spin-doubling of the ele¬ 
mentary fields: a fermion is associated with a boson of 
equal mass, and vice versa. Thus, an electron is associ¬ 
ated with ‘selectron’ having zero spin, a quark with a 
' spinless ‘squark’, a photon with a ‘photino’ having spin 
1/2, etc. So far there is no shred of evidence for such 
particles in the experiments. Signals for even broken 
versions of the supersymmetry are not visible in the 
available experimental data. 

String theory. In quantum field theory we deal with 
point particles. In the string theory the fundamental ob¬ 
jects are one-dimensional entities called strings. In the 
laboratory the stringiness of the particles will not be 
evident because the string length is extremely small (of 
the order of Planck length cm); a string to an 

atomic nucleus is smaller than the nucleus to a moun¬ 
tain). As of now, string theory has not given any verifi¬ 
able consequence nor explained any observed fact in 
particle physics. 
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Monoclonal antibodies have been used as probes to 
study the architecture of several plant viruses over 
the past decade. These studies complement the in¬ 
formation obtained through X-ray crystallography 
and help in delineating epitopes on the surface of the 
virus. The monoclonal antibodies that recognize dis¬ 
tinct epitopes also aid in unravelling the mechanisms 
of assembly/disassembly of virus particles. Group- 
specific and strain-specific monoclonal antibodies are 
widely used in the classification of viruses. The sig¬ 
nificant developments made in this emerging area 
are reviewed here with specific examples. 


Viruses, a term coined by Beijerinck and Baur^’^ to 
describe the causative agents of certain plant diseases, 


are obligate parasites that cause considerable damage to 
plants. Viruses are broadly classified on the basis of 
their particle morphology as helical, icosahedral or 
complex. There are about 33 groups of plant viruses, of 
which 22 are icosahedral, 9 are helical and 2 are com¬ 
plex^. 

Over the past decade the molecular architecture of 
these viruses has been studied using a variety of meth¬ 
ods such as electron microscopy, X-ray low-angle scat¬ 
tering, single-crystal X-ray diffraction, sedimentation 
and other solution properties. An analysis of the three- 
dimensional X-ray structures of spherical plant, animal 
or insect viruses determined so far has shown that the 
viral coat protein most often has the same polypeptide 
fold irrespective of the origin of the virus. The coat 
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protein in these viruses is made up of a common 
8-stranded P barrel motif. In spite of this common 
structural motif, these viruses are distinct with respect to 
their immunological cross-reactivity. Differences in im¬ 
munological cross-reactivity are useful in the identifica¬ 
tion and classification of viruses. 

Analysing the antigenic structure of a virus consists 
mainly in locating its antigenic determinants or epitopes, 
i.e. in ascertaining the accessible region on the surface 
of the virus recognized by the antibody molecules. 
There are various methods that can be used to map anti¬ 
genic determinants^’^ These methods are particularly 
useful for understanding the architecture of viruses, for 
which a detailed three-dimensional structure has not 
been determined by X-ray crystallography. Immunologi¬ 
cal approach has been widely used in the case of plant 
viruses as a tool to investigate the structure and assem¬ 
bly. The results obtained for helical viruses such as to¬ 
bacco mosaic virus (TMV) and potato virus Y (PVY) 
and icosahedral viruses like southern bean mosaic virus 
(SBMV), turnip yellow mosaic virus (TYMV) and phy- 
salis mottle virus (PhMV) are discussed in some detail 
in this review. 

Antigenic structure of TMV 

TMV is the type member of tobamoviruses and is found 
naturally throughout the world. In electron micrographs, 
it has the appearance of a rigid rod, 3000 A in length 
and 180 A in diameter, with a stain-penetrated central 
channel. A ssRNA molecule of 2 x 10^ Da is encapsi- 
dated by 2130 identical coat protein subunits to 
17 K. Each helical turn of TMV particle consists of 16^ 
protein subunits. 

The primary structure of the TMV protein subunit was 
elucidated more than 30 years ago^’^. This was followed 
by an analysis of the antigen structure of the virus at 
molecular level^’^. The determination of the three- 
dimensional structure of TMV coat protein disc aggre¬ 
gate by X-ray crystallography^^ made it possible to in¬ 
terpret immunochemical data in terms of the known 
location of each residue. These pioneering studies led to 
the recognition of the relationship between antigenicity 
and amino acid properties of the residues constituting 
the determinant^^'^^. 

Seven continuous antigenic determinants were identi¬ 
fied in TMV coat protein in the vicinity of the residues 
1-10, 34-39, 55-61, 62-68, 80-89, 108-112 and 153- 
158 using polyclonal antibodies^'\ The length of these 
sequential epitopes (6-10 residues) corresponds to the 
size traditionally regarded as fitting that of the comple¬ 
mentary' antibody combining sites. Six out of seven of 
these antigenic regions were found to correspond to the 
major local maxima in a plot of temperature factor ob¬ 
tained by crystallographic refinement against residue 
number^^. This correlation between high local mobility 
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in the protein and the location of continuous epitopes 
was attributed to the fact that the mobility promotes 
complementary interactions between the epitope and the 
antibody site that is not optimally fashioned to fit the 
geometry of the epitope. 

Altschuh et al}^ identified a number of discontinuous 
epitopes on the surface of TMV particles by means of 
monoclonal antibodies (Mabs) raised against intact viri¬ 
ons. About half of the eighteen antivirus Mabs they 
raised were so specific for the quaternary structure of 
the capsid that they were unable to bind to tryptic pep¬ 
tides of the coat protein. 

Since immunization of mice with intact TMV particles 
precluded the formation of antibodies specific for the 
many hidden epitopes known to be present on adjoining 
subunit surfaces, it was necessary to study Mabs raised 
against monomeric subunits of the viral capsid. Such a 
study could establish whether Mabs raised against the 
subunits also preferentially recognized conformational 
features of the protein subunit that are absent in peptide 
fragments. A1 Moudallal et alP synthesized 18 peptides 
representing virtually the entire length of the polypep¬ 
tide chain of TMV coat protein and analysed their abil¬ 
ity to bind in an enzyme immunoassay to 30 Mabs raised 
against the dissociated viral subunits. Of these 30 Mabs, 
23 Mabs could react with the whole virion as well as 
with the monomeric subunits. This suggested that ma¬ 
jority of the Mabs to denatured proteins also recognized 
conformational features present on the intact virus. On 
the other hand, five Mabs could react only with the 
monomeric subunits, but not with the virion. These five 
Mabs could react with the peptides also, suggesting that 
they probably recognize regions that are buried in the 
intact virus. Two Mabs could react only with the virions 
but could not react either with the monomeric subunits 
or with the peptide fragments. These studies identified 
four new epitopes in the vicinity of residues 19-32, 90- 
95, 115-134 and 134-146. Thus, eleven continuous 
epitopes were identified in the TMV coat protein mole¬ 
cule, which showed that almost the entire surface of the 
molecule was antigenic. 

Dore et al. attempted to narrow down the location of 
the different epitopes by analysing the ability of the 
Mabs to cross-react with four tobamoviruses which had 
between 39% and 82% sequence similarity with type 
strain of TMV^^, and nine TMV mutant viruses or pro¬ 
teins which differed from type strain of TMV by one or 
two substitutions. By correlating the extent of cross¬ 
reactivity with the common accessible surface between 
the parent protein and each related protein, Dore et al. 
could deduce that not every residue in the antigenically 
active peptide is a contact residue. It is interesting that 
the residues 72-77, 129-134 and 142-147, although 
highly accessible as visualized in X-ray studies, pos¬ 
sessed no antigenic activity. This show's that the corre¬ 
lation between antigenicity and mobility is not solely 
based on high surface accessibility. 
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Assembly of TMV is among the most well-studied self- 
assembly mechanisms^^. TMV subunits aggregate to 
form highly polymorphic oligomeric structures depend¬ 
ing on the ionic strength and the pH of the solvent^^’“^. 
One of the aggregates formed at neutral or higher pH is 
the two-layered protein disk. Each layer of the disk 
consists of 17 protein subunits organized with rotational 
17-fold symmetry. This aggregate appears to be the most 
important intermediate in the assembly of the virus. A 
base paired loop structure in RNA approximately 1000 
nucleotides downstream from the 3' terminus inserts into 
the central cavity of the disk and initiates assembly"'. 
Both the 3' and 5' ends of RNA protrude from the same 
end of this initiation complex^^. Binding of RNA brings 
about a change in the inter-protein subunit contacts from 
a stacked disk-like structure to a helix-like structure^^’^"'. 
Further assembly takes place by addition of the disks to 
the free end, while the RNA is pulled through the central 
hole. As three nucleotides interact per subunit, approxi¬ 
mately 100 nucleotides are protected from nuclease at¬ 
tack by the addition of each ring. Only the initiation step 
appears to have specificity, as the assembly can proceed 
with other RNAs to which the loop-like structure from 
TMV has been engineered"^. 

Dore et showed by electron microscopic studies 
that all Mabs which recognize intact virus as well as 
coat protein subunits bind to one end of TMV rods. The 
RNA molecule is oriented within TMV particles such 
that its 5" and 3' ends are at opposite ends of the helical 
particle. In order to distinguish the end to which the 
Mabs bind specifically, the virus particles were partially 
uncoated by the action of 6 M urea, a procedure which 
uncovers RNA tails at the 5' terminus"^. By using elec¬ 
tron microscopy, which permits the visualization of both 
the RNA tails and the gold-labelled Mabs, it was shown 
that these antibodies specifically recognized the extrem¬ 
ity of the virus particle containing the 5' end of the 
RNA^^. In view of the orientation of the RNA molecule 
inside the helical virus"^’^^ rod, this observation sug¬ 
gested that the antibodies bind to the bottom surface of 
the subunit. 

These antibodies were then used to determine if short 
rods of stacked disks of viral protein were polar, i.e. if 
all the successive rings were facing the same way. The 
polar orientation, which was presumed for the postu¬ 
lated transformation of two-layer disks into polar helical 
rods'"would require that opposite subunit surfaces 
be exposed at the two ends of the stacked disks, in 
which case, Mabs should bind to only one end of the 
stacked disks. Contrary to this expectation, Dore et air 
demonstrated that these Mabs bind to both ends of the 
stacked disks, which establishes that these disks are bi¬ 
polar (Figure 1). The results of the bipolarity of the 



Figure 1. ropologically distinct arrangements possible for the 
packing of subunits in the stacked disk aggregates of TMV; a, polar 
arrangement where the two ends have distinct chemical groups; and 
b, bipolar arrangement where the two ends are structurally equiva¬ 
lent. Monoclonal antibodies can be used to distinguish the two pos¬ 
sible arrangements (adapted from ref 28). 

stacked disk are inconsistent with the presumption that it 
is formed from a polar two-layer disk that also nucleates 
the virus assembly^". Since bipolar disks cannot switch 
to polar helices without being disassembled, it is under¬ 
standable that short stacks of disks do not nucleate the 
virus assembly and cannot be incorporated directly into 
helical rods'^'^. Bipolarity appears to be characteristic of 
all the stable disk aggregates. 

TMV has a positive-sense genomic RNA that can be 
translated into proteins. Inside the cell, this translation 
begins before the uncoating of particles is complete. 
This prevents degradation of viral RNA by the ribonu- 
cleases and ensures efficient translation. This phenome- 
non is termed cotranslational disassembly ’ . Recently, 
Saunal et provided evidence to show that the co¬ 
translational disassembly of TMV could be inhibited by 
incubating the TMV with Mabs specific for TMV coat 
protein. The efficient inhibition was shown both by the 
antibodies that bind to the extremity of the TMV parti¬ 
cle and the antibodies that bind to the dissociated coat 
protein subunits. It is possible that the efficiency of 
blocking of translation is dependent on the location of 
the epitope recognized by these antibodies. 

Antigenic determinants in potyviruses 

Potyviruses are economically the most important of the 
virus groups currently recognized^^’^^. The members of 
this group are characterized by long, flexuous, rod¬ 
shaped particles that are 680-900 nm long and 11 nm 
wide. Potyviruses have helical symmetry with a pitch of 
about 3.3 nm. The particles contain 5% nucleic acid and 
95% protein with a sedimentation coefficient of 150S. 
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They consist of one copy of the positive-sense single- 
stranded RNA of MW 3.0-3.5 x 10® encapsidated by 
2000 copies of a single protein species of molecular 
weight ranging from 30,000 to 37,000^^’"^^^. Complete 
amino acid sequence has been obtained for the coat 
protein of many of the potyviruses. The coat proteins 
from the different potyviruses vary considerably in size 
(263-330 amino acids), essentially because of the vary¬ 
ing length of the N-terminus'^^ On the other hand, the C- 
termiiial ends vary in length by only one or two resi-‘ 
dues. There are more than 180 members in this group 
and their classification based on biological properties 
such as host range, symptoms, etc., has been controver¬ 
sial. Serological relationships have helped to a large 
extent in the classification of these viruses. More re¬ 
cently, Mabs have been used to identify subgroups. 

Mabs have been produced to several potyviruses"^^. 
Shukla et examined the effect of mild trypsin 
treatment on six distinct potyviruses and demonstrated 
that both N- and C-terminal regions of the coat protein 
are exposed on the surface of potyvirus particles. They 
concluded that N-terminus is the only large region in the 
entire coat protein which is unique to a potyvirus and 
epitopes located in this region should generate virus- 
Specific antibodies. Potyvirus group-specific epitopes 
are located in the trypsin-resistant core protein region 
and antibodies produced in this region should recognize 
most potyviruses (Figure 2). Shukla et al.^^ screened 
overlapping synthetic octapeptides covering the capsid 
protein of the Johnsongrass strain of Johnsongrass mo¬ 
saic virus with five polyclonal antisera and two Mabs. 
This confirmed their earlier finding"*^ that the epitopes 

a b 

\ 680-900 iTrt 

Figure 2. a. Schematic drawing of the 7-8 protein subunits consti¬ 
tuting each turn of the rod-shaped potyvirus particle. The amino (1) 
and carboxyl termini (3) of the particles are exposed in the intact 
virus particles. Monoclonal antibodies to these regions are strain- 
specific. Monoclonals to the conserved, trypsin-resistant core (2) are 
potyvirus group-specific; interior of the particle which contains the 
genomic RNA (4). b. Diagrammatic representation of the flexuous, 
rod-shaped potyvirus particle. 

614 



Figure 3. The order of structural domains in SBMV subunits. The R 
domain (residues 1-65) interacts with the RNA and is completely 
buried in the intact virus. Residues 65-260 constitute the surface 
domain (S domain) which is involved in intersubunit interactions 
that define the three-dimensional architecture of the capsid. Mono¬ 
clonal antibodies specific to the R domain have been used to follow 
the disassembly pathway and hence provide information on the R- 
domain RNA interaction (adapted from ref 61). 


recognized by broad-spectrum cross-reactive antibodies 
are distributed across the entire region of the coat pro¬ 
tein. The epitopes recognized by the virus strain-specific 
Mabs and polyclonal antibodies are, however, located in 
the N-terminal region of the coat protein. The authors 
did not find any antibodies that are specific to the C- 
terminal 18-amino acid residues, which are also exposed 
in the intact virus particles. However, recently, Vuento 
et by an immunochemical analysis of overlapping 
synthetic hexapeptides covering the entire length of the 
coat protein of potato virus Y (PVY) found immuno¬ 
dominant regions both at the N-terminal and at the C- 
terminal end of the coat protein. Also, immunization of 
rabbits with synthetic peptides representing N- and C- 
terminal end of the coat protein resulted in production 
of antibodies that reacted with PVY. Similarly, virus- 
specific and cross-reactive Mabs have been raised to at 
least 19 different aphid-transmitted potyviruses^^. From 
these studies, a panel of potyvirus broad-spectrum Mabs 
have been identified which can be used as reference 
Mabs for the detection and classification of aphid- 
transmitted potyviruses^^. 

Use of a Mab specific for the N-terminal region 
of SBMV as a probe of virus structure 

SBMV is a monopartite, ssRNA virus whose genome is 
encapsidated in a shell of 180 subunits of 28 K. This 
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was the second plant virus structure to be determined at 
atomic resolution^^’^"^. The viral coat protein consists of 
an eightstranded anti-parallel p barrel (shell domain) 
found in most other spherical viruses. The amino termi¬ 
nal arm of the protein subunit (R-domain) is rich in ly¬ 
sine and arginine and presumably interacts with the viral 
RNA and is disordered in structure (Figure 3). 

Upon trypsinization, the coat protein subunits of 
SBMV lose the amino terminal 61 residues, resulting in 
a 22 K polypeptide. These subunits assemble into empty 
shells with a particle diameter of 20 nm, implicating the 
role of the N-terminal arm in the interaction with RNA 
and assembly of intact particles^^"^^. The positive 
charges in the amino terminal arm are responsible for 
the neutralization of most of the RNA phosphates^^ 

Tremaine et prepared Mabs against two strains of 
SBMV (SBMV-bean and SBMV-cow pea) and tested 
their reactivity with native virus, swollen virus (virus 
from which Ca^"^ ions were removed by treatment with 
EDTA) and coat protein by several serological methods 
to gain an insight into the architecture and assembly of 
this virus. 

One of the Mabs, 4D6, had its epitope within the first 
30 amino acid residues of the N-terminal region of 
SBMV-c coat protein since in immunoblots 4D6 reacted 
with the native 29 K polypeptide but not with the 25 K 
proteolytic product, which lacked the N-terminal 30 
amino acid residues^^’^^. The 406 binding site is inac¬ 
cessible in the native SBMV-c particle but becomes ex¬ 
posed when the virus is swollen by removal of metal 
ions or as a result of structural changes which occur 
when the virus is immobilized on plastic microtitre 
plates. This structural perturbation which occurs on ad¬ 
sorption of the virus particle to a solid matrix has also 
been observed with other Mabs^^’^"^. Attempts at collaps¬ 
ing the swollen virus by the addition of calcium ions or 
by pH adjustment did not significantly diminish the re¬ 
activity with 4D6 antibody. This indicates that the na¬ 
tive conformation of the virus particle cannot be fully 
restored by these methods. The lack of recognition of 
native virus by 4D6 supports the earlier observation on 
SBMV structure and assembly that the N-terminal basic 
arm interacts with the RNA and is buried^^’^^. These 
results indicate that Mabs generated against known re¬ 
gions of the viral capsjd protein can prove to be valu¬ 
able probes of virus structure. 

Antigenic structure of tymoviruses 

Tymoviruses are an interesting group of spherical plant 
viruses which have several unique features such as for¬ 
mation of empty capsids in vivo and in vitro, extreme 
stability against digestion by ribonuclease, salt and so¬ 
dium dodecyl sulphate^^. These features suggest that 
intersubunit interactions dominate the stability of ty¬ 
moviruses. Any attempt to disrupt the capsid structure 
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necessarily involves harsh conditions, leading to denatu- 
ration of the coat protein. Therefore, reassembly of the 
virus from isolated RNA and protein has thus far not 
been possible. The viral coat protein also lacks the basic 
amino terminal arm which is known to play a role in 
RNA-protein interactions in several viruses^^’^^’^^^; 
yet, during the process of infection, the viral RNA is 
specifically encapsidated. This implies that there could 
be specific sites of RNA-protein interactions, although 
weak. Such types of weak RNA-protein interactions 
have been located by using cross-linking agents^®’ 
NMR studies on belladona mottle virus and TYMV have 
implicated carboxylates as probable sites of interaction 
with RNA^^. 

TYMV, the type member of the tymovirus group of 
plant viruses was one of the first viruses to be crystal¬ 
lized^^ and its structure studied using electron micros¬ 
copy and image reconstruction^"^. Subsequently, 
Erysimum latent tymovirus and belladona mottle ty¬ 
movirus (Iowa), now renamed Physalis mottle tymovi- 
rus^^ (PhMV) were crystallized and the structure 
investigated by X-ray diffraction studies^^^^. However, 
the high-resolution structures of these viruses are not yet 
available. 

Immunological studies on TYMV using polyclonal 
antibodies demonstrated that amino acid residues 1-12, 
33-45, 57-64, 143-152 and 183-189 of the coat protein 
are exposed in the intact virus^^^^. On the other hand, 
cross-linking studies suggest that regions 1-12, 33-45 
and 132-152 interact with the genomic RNA^^. These 
experiments did not lead to unambiguous conclusions 
on the architecture of the intact virus. We have stud¬ 
ied the architecture of PhMV using monoclonal antibod¬ 
ies as well as by cross-linking the RNA in situ. The 
results obtained are discussed in brief in the following 
section. 

Architecture of PhMV 

PhMV, like other tymoviruses, is an ssRNA virus whose 
genome is encapsidated in a protein shell made of 180 
subunits of Mr 20,000. We have determined the primary 
structure of the coat protein of PhMV with a view to 
locate potential sites for protein-protein and protein- 
RNA interactions^^. Further, PhMV RNA was cross- 
linked to its coat protein by exposure of the intact virus 
to ultraviolet light. The site of cross-linking of the coat 
protein with the RNA was identified as Lys-10 by se¬ 
quencing the oligonucleotide-linked tryptic peptide ob¬ 
tained upon HPLC separation subsequent to enzymatic 
digestion of the cross-linked and dissociated virus^"^. 
These are the only two lysines in the N-terminal region 
of this protein. The identification of Lys-10 ais a site for 
cross-linking with RNA suggests that even iq this virus 
the weak RNA-protein interactions might be mediated 
via the N-terminal region of the coat protein. 

615 



REVIEW ARTICLE 


Polyclonal antibodies were raised against PhMV and 
its denatured coat protein (PhMV-P). Analysis of the 
reactivity of the polyclonal antibodies with tryptic pep¬ 
tides of PhMV-P in dot-blot assays revealed that many 
of the epitopes were common to intact virus and dena¬ 
tured coat protein. Five Mabs to the intact virus were 
obtained using hybridoma technology. These Mabs re¬ 
acted well with the denatured coat protein. Epitope 
analysis using ^^^I-labelled Mabs suggested that prob¬ 
ably these Mabs recognize overlapping epitopes. This 
was substantiated by epitope mapping using the CNBr 
digest of PhMV-P in western blots. All the five Mabs 
recognize the N-terminal 15 kDa fragment. Attempts to 
delineate further the specific region recognized by these 
Mabs by various enzymatic cleavages resulted in the 
loss of reactivity in all the cases. The results indicate 
that these Mabs probably recognize epitopes within the 
N-terminal 15 kDa fragment of the coat protein^^. 

Three Mabs, PA3B2, PB5G9 and PF12C9, obtained 
using denatured coat protein as antigen, cross-reacted 
effectively with the intact virus indicating that the epi¬ 
topes recognized by these Mabs are on the surface of the 
virus. Using the peptides generated by digestion with 
CNBr, clostripain, V-8 protease and trypsin and a re¬ 
combinant protein lacking the N-terminal 21 residues 
expressed from a cDNA clone, it was shown that PA3B2 
recognized the sequence 22-36 on the coat protein while 
PB5G9 and PF12C9 recognized region 75-110 (ref. 84). 

These results suggest that Lys-10 is one of the spe¬ 
cific sites through which the RNA interacts in the intact 
virus. The polypeptide segment (region 22-36) follow¬ 
ing this buried portion as well as the epitope within the 
region 75-110 are exposed in the intact virus. These 
observations are consistent with the canonical p-barrel 
structure observed in certain other plant viruses^'^. Inter¬ 
estingly, although hydropathy plots predicted exposed 
regions in the C-terminal 40 residues of PhMV-P, none 
of the Mabs could recognize the C-terminal 4 k CNBr 
fragment. Polyclonal antibodies to intact virus or dena¬ 
tured coat protein also did not recognize the 4k CNBr 
fragment. These results suggest that probably there are 
no sequence-specific epitopes in the C-terminal region 
of PhMV-P. Mabs generated using the C-terminal 4k 
fragment would throw light on the architecture and anti¬ 
genicity of this region of the coat protein in the intact 
virus. 

Conclusion 

Mabs to viruses can serve as excellent tools towards 
understanding their architecture and assembly. Mabs 
specific to different regions of the protein could be used 
to identify the intermediates in the folding of coat pro¬ 
tein and subsequently its assembly with the genome in 
future. In many instances, in particular in potyviruses, 
Mabs have also helped in identification of subgroups 
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and their classification. More recently, the genome cor¬ 
responding to variable regions of artichoke mottled 
crinckle virus Mab that recognizes a conserved site on 
the coat protein has been expressed in transgenic plants. 
This constitutive expression causes reduction of infec¬ 
tion incidence and delay in symptom development^^. 
Therefore, it is possible that this will be used as a more 
general technique to generate disease-resistant plants. 


1. Beijerinck, M. W., K. Akad. Wet., Amsterdam, 1898, 7, 229— 
235. 

2. Baur, E., Ber. Dtsch. Bot. Ges., 1904, 22, 453-460. 

3. Matthews, R. E. VPlant Virology, Academic Press, New York, 
1991, 3rd ed. 

4. Van Regenmortel, M. H. V., Phil. Trans. R. Soc. London, 1989, 
8323,451-466. 

5. Arnon, R. and Van Regenmortel, M. H. V., FASEB J., 1992, 6, 
3265-3274. 

6. Anderer, F. A., Uhlig, H., Weber, E. and Schramm, G., Nature, 
1960, 186, 922-925. 

7. Tsugita, A., Gish, D. T., Young, J., Fraenkel-Conrat, H., Knight, 
C. A. and Stanley, W. M., Proc. Natl. Acad. Sci. USA, 1960, 46, 
1463-1469. 

8. Anderer, F. A., Z. Naturforsch., 1963, 18b, 1010. 

9. Benjamin!, E., Young, .1. D., Shimizu, M. and Leung, C. Y., 
Biochemistry, 1964, 3, 1 115-1120. 

10. Bloomer, A. C., Champness, J. N., Bricogne, G., Staden, R. and 
Klug, A., Nature, 1978, 276, 362-368. 

11. Milton, D. L. R. C. and Van Regenmortel, M. H. V., Mol. Im¬ 
munol., 1979, 16, 179-184. 

12. A1 Moudallal, Z., Briand, J. P. and Van Regenmortel, M. H. V., 
EMBOJ., 1982, 1, 1005-1010. 

13. A\ Moudallal, Z., Briand, J. P. and Van Regenmortel, M. H. V., 
EMBOJ., 1985,4, 1231-1235. 

14. Altschuh, D., Hartman, D., Reinbolt, J. and Van Regenmortel, 
M. H. V., Mol. Immunol., 1983, 20, 271-278. 

15. Altschuh, D., Al Moudallal, Z., Briand, J. P. and Van Regen¬ 
mortel, M. H. V., Mol. Immunol., 1985, 22, 329-337. 

16. Westhof, E., Altschuh, D., Moras, D., Bloomer, A. C., Mon- 
dragon, A. and Van Regenmortel, M. H. V., Nature. 1984, 311, 
123-126. 

17. Dore, I., Altschuh, D., AI Moudallal, Z. and Van Regenmortel, 
M. H. V., Mol. Immunol, 1987, 24, 1351-1358. 

18. Van Regenmortel, M. H. V. and Fraenkel-Conrat, H., in The 
Plant Viruses (eds. Van Regenmortel, M. H. V. and Fraenkel- 
Conrat, H.), vol. 2, Plenum Press, New York, 1986. 

19. Butler, P. .1. G.,J. Gen. Virol, 1984, 65, 253-279. 

20. Namba, K., Pattanayek, R. and Stubbs, G., J. Mol. Biol, 1989, 
208,307-325. 

21. Zimmern, D. and Wilson, T. M. A., FEES Lett., 1976, 71, 294- 
298. 

22. Lebeurier, G., Nicolaieff, A. and Richards, K. E., Proc. Natl. 
Acad. ScL USA, 1977, 74, 2932-2936. 

23. Butler, P. J. G. and Klug, A., Nature, New Biol, 1971, 229, 47— 
50. 

24. Champness, J. N., Bloomer, A. C., Bricogne, G., Butler, P. J. G. 
and Klug, A., Nature, 1976, 259, 20-24. 

25. Turner, D. R., Me Guigan, C. J. and Butler, P. J. G., J. Mol 
Biol, 1989, 209, 407-422. 

26. Dore, 1., Weiss, E., Altschuh, D. and Van Regenmortel, M. FI. 
V., Virology, 1988, 162, 279-289. 

27. Blowers, L. E. and Wilson, T. M. A., J. Gen. Virol, 1982, 61, 
137-141, 

28. Dore, 1., Ruhlmann, C., Oudet, P., Cahoon, M., Caspar, D. L. D. 
and Van Regenmortel, M. H. V., Virology, 1990, 176, 25-29. 

29. Stubbs, G., Warren, S. and Holmes, K., Nature, 1977, 267, 216— 
221 . 

CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 


REVIEW ARTICLE 


30. Namba, K. and Stubbs, G., Science, 1986, 231, 1401-1406. 

31. Caspar, D. L. D.,Adv. Protein Chem.^ 1963, 18,37-121. 

32. Durham, A. C. H., Finch, J. T. and Klug, A., Nature, New Biol., 
1971,229,37. 

33. Klug, A. and Durham, A. C. H., in Cold Spring Harbor Symp. 
Quant. Biol, Cold Spring Harbor Laboratory, Cold Spring Har¬ 
bor, New York, 1971, Vol. 36, pp. 449-460. 

34. Raghavendra, K., Adams, M. L. and Schuster, T. M., Biochemis¬ 
try, 1985, 24, 3298-3304. 

35. Wilson, T. M. A., Virology, 1984, 137, 255-265. 

36. Wilson, T. M. A., Virolog}>, 1984, 138, 353-356. 

37. Saunal, H., Witz, J. and Van Regenmortel, M. H. V., J. Gen. 
Virol., 1993, 74, 897-900. 

38. Matthews, R. E. F., Intervirology, 1982, 17, 1-199. 

39. Brown, V., Intervirology, 1986, 25, 141-143. 

40. Boilings, M. and Brunt, A. A., in Handbook of Plant Virus 
Infections: Comparative Diagnosis (ed. Kurstak, E.), Elsevier, 
Amsterdam, 1981, pp. 731-807. 

41. Bollings, M. and Brunt, A. A., Potyvirus Group. CMI/AAB 
Description of Plant Viruses, 1981, 245. 

42. Bari, V., Virology, 1981, 112. 391-399. 

43. Shukla, D. D. and Ward, C. W., Adv. Virus Res., 1989, 36, 
273-314. 

44. Gugerli, P. and Fries, P., J. Gen. Virol, 1983, 64, 2471-2477. 

45. Hill, E. K., Hill, J. H. and Durand. D. P., J. Gen. Virol, 1984, 
65, 525-532. 

46. Dougherty, W. G., Allison. R. F., Parks, T. D., Johnston, R. E., 
Field, M. J. and ,A.rmstrong, F. B., Virology, 1985, 146, 282- 
291. 

47. Diaco, R., Hill, J. H. and Durand, D. P., J. Gen. Virol, 1986, 
67, 347-351. 

48. Jordan, R. L. and Hammond, J., Proc. Int. Congr. Virol, 1987, 
7th Abstr. R23.23. 

49. Shukla, D. D., Strike, P. M., Tracy, S. L., Gough, K. H. and 
Ward, C. W^, J. Gen. Virol, 1988, 69, 1497-1508. 

50. Shukla, D. D., Tribbick, G., Mason. T. J., Hewish, D. R., Gey- 
sen, H. M. and W'ard, C. W., Proc. Natl. Acad. Sci. USA, 1989, 
86, 8192-8196. 

51. Vuento, M., Paananen, K., Vihinen-Ranta, M. and Kurppa. A., 
Biochim. Biophys. Acta, 1993, 1162, 155-160. 

52. Jordan, R.,Arch. Virol. Suppl. (Austria), 1992, 5, 81-95. 

53. Abad-Zapatero, C., Abdel-Meguid, S. S., Johnson, J. E., Leslie, 
A. G. W., Rayment, I., Rossmann, M. G., Such, D. and Tsuki- 
hara, T., Nature, 1980, 286, 33-39. 

54. Silva, A. M. and Rossmann, M. G., J. Mol. Biol, 1987, 197, 
69-87. 

55. Chidlow, J. and Tremaine, J. H., Virology), \91\, 43, 267-278. 

56. Tremaine, J. H. and Ronald, W. P., Virology, 1978, 91, 164- 
172. 

57. Erickson, .1. W. and Rossmann, M. G., Virology), 1982, 116, 
128-136, 

58. Savithri, H. S. and Erickson, .1. W'., Virology. 1983. 126, 328- 
335. 

59. Rossmann, M. G., Abad-Zapatero, C., Erickson, J. W\ and Sa¬ 
vithri, H. S., J. Biomol Struct. Dynarn., 1983, 1, 565-579. 

60. Sorger, P. K., Stockley, P. G. and Harrison, S. C., J. Mol Biol, 
1986, 191, 639-658. 

61. Bermodson, M. A., Abad-Zapatero, C., Abdel-Meguid, S. S., 
Pundak, S., Rossmann, M. G. and Tremaine, J. H., Virology), 
1982, 119, 133-149. 


62. Tremaine, J. H., Ronald, W. P. and Mackenzie, D. J., Phytopa- 
thoL, 1985, 75, 1208-1211. 

63. Mackenzie, D. J. and Tremaine, J. H., J. Gen. Virol, 1986, 67, 

iii-ns. 

64. Tremaine, J. H., MacKenzie, D. J. and Ronald, W. P., Virology;. 
1985, 144, 80-87. 

65. Kaper, J. M., The Chemical Basis of Virus Structure, Dissocia¬ 
tion and Reassembly, American Elsevier, New York, 1975. 

66. Dasgupta, R. and Kaesberg, P., Nucleic Acids Res., 1982, 10, 
703-713. 

67. Gould, A. R. and Symons, R. H., Eur. J. Biochem., 1982, 126, 
217-226. 

68. Hopper, P., Harrison, S. C. and Saver, R. T., J. Mol. Biol, 1984, 
177, 701-713. 

69. Vriend, G., Verduin, B. J. M. and Hemminga, M. A., J. Mol. 
Biol, 1986, 191, 453-460. 

70. Ehresmann, B., Briand, J. P., Reinbolt, J. and Witz, J., Eur. J. 
Biochem., 1980, 108, 123-129. 

71. Sgro, J. Y., Jacrot, B. and Chroboczek, J., Eur. J. Biochem., 
154,69-76. 

72. Virudachalam, R., Sitaraman, K., Heuss, K. L., Argos, P. and 
Markley, J. L., Virology, 1983, 130, 351-359. 

73. Klug, A., Longley, W. and Leberman, R., J. Mol. Biol, 1966, 
15, 315-343. 

74. Nixon, H. L. and Gibbs, A. J., J. Mol Biol, 1960, 2, 197-200. 

75. Jacob, A. N. K., Murthy, M. R. N. and Savithri, H. S., Arch. 
Virol, 1992, 123, 367-377. 

76. Colman, P. M., Tulloch, P. A., Shukla, D. D. and Gough, K. H., 
J. Mol Biol, 1980, 142, 263-268. 

77. Heuss, K. L., Mohana Rao, J. K. and Argos, P., J. Mol. Biol, 
1981, 146, 629-633. 

78. Munshi, S. K., Hiremath, C. N., Murthy, M. R. N. and Savithri, 
H. S.,Acta Cryst., 1987, B43, 376-382*. 

79. Hiremath, C. N., Munshi, S. K. and Murthy, M. R. N., Acta 
Cryst., 1990, B46, 562-567. 

80. Pratt, D., Briand, J. P. and Van Regenmortel, M. H. V., Mol. 
Immunol, 1980, 17, 1167-1171. 

81. Quesniaux, V., Briand, J. P. and Van Regenmortel, M. H. V., 
Mol Immunol, 1983, 20, 179-185. 

82. Quesniaux, V., Jaegle, M. and Van Regenmortel, M. H. V., 
Biochim. Biophys. Acta, 1983b, 743, 226-231. 

83. Suryanarayana. S., Appaji Rao, N., Murthy, M. R. N. and Sa¬ 
vithri, H. S., J. Biol. Chem., 1989, 264, 6273-6279. 

84. Kekuda, R., Karande, A. A., Jacob, A. N. K. and Savithri, H. S., 
Virology, 1993, 193, 959-966. 

85. Kekuda, R., Karande, A. A. and Savithri, H. S., Indian J. Bio¬ 
chem. Biophys., 1993,30, 151-155. 

86. Tavladoraki, P., Benvenuto, E., Trinca, S., Martinis, D. D., 
Cattaneo, A. and Galeffi, P., Nature, 1993, 366, 469-472. 


ACKNOWLEDGEMENTS. We thank the Department of Science 
and Technology, Indo-French Centre for Promotion of Advanced 
Research and the Department of Biotechnology for financial support. 
We thank Prof M, R. N. Murthy for helpful discussions and C. F. 
Shyny for her help in the preparation of the manuscript. 


Received 23 March 1994; revised accepted 10 November 1994 


CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 


617 





RESEARCH ARTICLE 


Influence of cholesterol enrichment under in vivo 
and in vitro conditions on aggregation and 
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Aggregation and deformability of cholesterol- 
enriched erythrocytes obtained from hyperchole- 
sterolaemic rabbits and prepared by incubating hu¬ 
man erythrocytes in cholesterol-enriched plasma for 
2 h at are determined. The aggregation process 
is described in terms of parameters determined by 
sequentially recording and analysing the He~Ne laser 
light transmission data through erythrocytes sus¬ 
pension by a PC-AT computer-based system. The 
deformability of erythrocytes is determined by meas¬ 
uring the passage time of erythrocytes through mi¬ 
cropores of cellulose membranes. The results show 
that the aggregation of human erythrocytes is en¬ 
hanced due to the cholesterol enrichment process. 
The formed aggregates are of larger size and these 
sediment faster. In contrast to this, the rabbit eryth¬ 
rocytes do not show this phenomenon as these 
sediment similar to monodisperse cells. The deform¬ 
ability of cholesterol-enriched erythrocytes is signifl- 
cantly reduced. 


The phospholipids and cholesterol, constituting an inte¬ 
gral part of the erythrocyte membrane, are exchangeable 
between plasma and erythrocytes^’^. The equilibrium of 
cholesterol between plasma and erythrocytes is dis¬ 
rupted under certain pathological conditions as well as 
by artificial means. In response to a diet containing ex¬ 
cess cholesterol fed to experimental animals, the choles¬ 
terol levels in plasma and erythrocytes are increased, 
resulting in the formation of spur cells and leading to 
haemolytic anemia^"^. A similar increase in these lipids 
in plasma and erythrocytes has been reported^ in 
patients with liver cirrhosis and hyperlipaemia. The 
erythrocytes from hyperlipaemic rabbits fed a high- 
cholesterol diet show a behaviour similar to that ob¬ 
served in hyperlipaemic elderly patients^. 

The cholesterol enrichment of erythrocytes under in 
vitro conditions also induces morphological and 
rheological changes in erythrocytes, but the mechanism 
of these changes may be different from that under in 
vivo conditions, as the cells are incubated in cholesterol- 


enriched plasma for a short duration^. Due to the brief 
exposure to cholesterol-enriched plasma, the changes 
induced could either be due to cholesterol accumulation 
in the membrane or a combined effect of alteration in 
lipid and protein constituents of the membrane, which 
lead to a reduction in erythrocyte deformability^. This is 
contributed by the decrease in the mobility of the pro¬ 
teins and morphological changes in erythrocytes^’ 

As the normal functioning of the erythrocyte is essential 
for its survival and oxygen transport in capillaries, 
the variation in the above parameters increases the 
blood viscosity, especially under low-shear flow condi¬ 
tions^^. 

Another important parameter which changes the blood 
viscosity significantly is the aggregation of erythrocytes. 
This is a dynamic reversible process attributed to the 
formation of chain-like structures under stasis and slow 
flow conditions'^. These structures disaggregate with 
increasing flow. The parameters responsible for the for¬ 
mation of aggregates are the negative charge of the 
erythrocyte m^brane, the levels of fibrinogen and 
globulin in plasma and the applied shear force. In hy- 
percholesterolaemia the negative surface charge con¬ 
tributed by the carboxyl group of sialic acid and partly 
by that of amino acid residues in sialoglycoproteins is 
decreased^'^. This reduction in sialic acid content may 
increase the aggregation of erythrocytes even at the 
same levels of fibrinogen and globulin and thus con¬ 
tribute in increasing the blood viscosity^^. 

For determining such changes in the aggregation 
process a very sensitive technique is required. The 
techniques based on forward and backward scattering of 
light are found to be very sensitive for detecting these 
changes^^^^. For better analysis it is essential to main¬ 
tain the slow flow condition, which allows a prolonged 
interaction of plasma proteins and erythrocytes. This 
condition could be achieved by allowing the erythro¬ 
cytes to sediment in plasma under the gravitational field 
and the associated changes could be detected by passing 
He-Ne laser light through the" centre of the specimen 
chamber^^^^. Based on this principle, we have intro- 
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duced a PC-AT-computer-based technique to collect tuting the number, of cells (AN) responsible for the 

data sequentially and to analyse these to present the data ASI variation from the corresponding number of 

in terms of various aggregation parameters'^; this tech- cells Nt, and is given by 

nique has recently been applied to detect the changes in 

aggregation in blood samples of patients suffering from 4 

jaundice^"^. The objectives of the present study are to 

analyse by this technique the changes in aggregation of ~J^ _ 

erythrocytes obtained from hypercholesterolaemic rab- ^ 

bits and human cholesterol-enriched erythrocytes. The 2^/^^ 

deformability of erythrocytes, which plays an important 


role in the formation of aggregates , is also determined 
by measuring the passage time of these cells through 
cellulose micropore membranes. To the best of the 
authors’ knowledge, such a study on the aggregation 
process of hypercholesterolaemic erythrocytes has not 
been reported to date. 

Materials and methods 

Experimental techniques 

On-line He—Ne laser light erythrocyte aggregometer 

This technique is based on the attenuation of laser light 
after passing it through the observation volume (OV) 
located at the centre of the specimen chamber containing 
erythrocytes suspension in plasma at 5% haematocrit. 
Initially, the erythrocytes are monodisperse, but tend to 
form aggregates, depending upon the level of plasma 
proteins, even during the gravitational sedimentation 
conditions'^ Depending upon the size of the aggregates 
and erythrocytes, while passing through the OV, the 
transmitted light signal contains the mean intensity su¬ 
perimposed on the fluctuations. By sequential analysis 
of this signal, the aggregation process is represented in 
terms of the following parameters: 

(a) Aggregate size index (ASI) - instantaneous change 
in the size of the aggregate, represented in terms of 
the number of cells. 

(b) Aggregate sedimentation time index (ASTI) - 
measured as the time taken by aggregates to cross 
the observation volume and represented as the corre¬ 
sponding number of time fluctuations. 

(c) Time required for completion of process - 

measured as the time taken for attaining the maxi¬ 
mum intensity Iq (as determined by plasma alone in 
the chamber). 

(d) Total number of fluctuations (TNF) - observed as 
superimposed on the mean intensity. 

For comparison of the aggregation process the data on 
the ASI and ASTI variation are used further to obtain 
the following parameters: 

(a) Effective number of cells (ENC) present in the beam 
at any instant of time. This is obtained by substi- 
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where 

«; = number of fluctuations in the zth category of 
amplitude (i = 1-4), 

Ni = average number of cells in the same category, 
ENC = AN.' 

(b) Effective cellular sedimentation duration (ECSD) is 
obtained from the ASTI variation as the effective 
time duration taken by the formed aggregates and 
erythrocytes to sediment through the OV, and is 
given by 

ECSD= Ar = -i=L-^ 

/=1 

where 

nt = number of fluctuations in the ith category of time 
(i = 1-4), 

Ti = mean sedimentation time for the same category. 
Figure 1 shows a schematic diagram of the system 
used for sequential analysis of the aggregation process 
of erythrocytes. He-Ne laser beam (power -2mW, 
Spectra Physics, USA) of wavelength 632.8 nm and di¬ 
ameter 1.0 mm was passed through the observation vol¬ 
ume located at the centre of the chamber. The 



Figure 1. Schematic diagram of the system for analysis of aggrega¬ 
tion mechanism of erythrocytes. 
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transmitted intensity was detected by a photodiode 
amplifier HAD lOOOA (EG&G, USA). This output was 
fed to a 12-bit analog-to-digital converter which was 
interfaced to a PC-AT. 

The specimen chamber, made of optically flat glass 
plates, of internal dimensions 70.0 x 8.0 x 1.6 mm was 
filled with erythrocytes suspension in plasma at 5% 
haematocrit. The chamber width was kept sufficiently 
large to allow interaction between cells and plasma 
proteins for uninhibited growth of aggregates'^ and their 
movement away from the chamber wall^^. Further details- 
of computational and experimental procedure are given 
in ref 23. 

For analysis the system was tested with erythrocyte 
suspension in saline at the same concentration. No fluc¬ 
tuations were observed in the transmitted intensity till 
the completion of the process. The pattern of fluctua¬ 
tions in the transmitted intensity varied depending upon 
the concentrations of dextrans of various molecular 
weights in the erythrocyte suspensions^^ 

Erythrocyte deformability measurement 

Figure 2 shows a schematic diagram of the system used 
for the measurement of erythrocyte deformability. This 
instrument, based on initial flow rate method^^, consists 
of a glass syringe of 10 mm dia and 50 mm height with a 
constant light intensity source on one side and photode¬ 
tector opposite to this, and measures the transmitted 
light. The detector output is interpreted as the duration 
elapsed to cross the observation volume and is read on 
the display panel of the instrument. The sample is al¬ 
ways filled up to a level of 3.0 mm below the top of the 
syringe. The volume of erythrocyte suspension con¬ 
tained between the source and the detector is 0.6 ml. 
Over this height (8.5 mm) the change due to variation in 
the gravitational field is considered to be negligible. The 
lower end of the syringe is connected to a pop-top mem¬ 
brane holder (Nucleopore Corporation, USA) which is 
further connected to a three-way valve. The holder con¬ 
tained one disc of cellulose membrane of thickness 
400 ±25 jam consisting of curved slits of diameter 
20 ± 5 |im (Grade 589, Schleicher and Schull, Ger¬ 
many). 

These membranes for erythrocytes filtration were first 
introduced by Teitel et al.^^ as these were effective in 
detecting the changes in erythrocytes which pass 
through these slits by tank-tread motion and these were 
not getting blocked by white cells and other blood prod¬ 
ucts'^. In our earlier studies we have used the same 
membranes to detect changes in erythrocyte deform¬ 
ability in ‘hypercholesterolaemia^^, myocardial infarc¬ 
tion^^ andi diafeetes mellitus^^. These observations show 
that the erythrocytes with reduced deformability take a 
longer duration to pass through the membranes and vice 
versa. 
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Figure 2. Schematic diagram of the system for measurement of 
erythrocyte deformability. 


Prior to the measurement, the air bubbles trapped in 
the membrane and its holder were removed by flushing 
with a buffered saline solution from the central opening 
of the valve. The erythrocyte suspension was then filled 
up to the mark in the syringe. Due to this the transmitted 
light falling on the photodetector is reduced. When there 
is no blood sample under fully filtered condition, the 
amplifier output changes to maximum. 

The software routine determines the number of sam¬ 
ples N lying between these two limits, and calculates 
and displays the passage time (s). Two such measure¬ 
ments are taken with each membrane and their averaged 
passage time is determined. From the known volume of 
suspension the filtration rate (jil/s) (directly propor¬ 
tional to the erythrocytes’ deformability) is calculated. 
Further details of the experimental procedure are given 
in ref. 12. 

Sample preparations 

In vivo cholesterol enrichment of erythrocytes 

< 

White albino rabbits of same age, sex and body weight 
(1.8-2.0 kg) were divided into two groups. Group I 
{n = 6) was fed with a normal diet (carrot, cabbage and 
greens) while group II {n = 6) was fed with a normal 
diet +0.5% cholesterol per day. The lipid levels were 
measured regularly. After the desired cholesterol level 
was reached, cholesterol feeding was regulated to 
maintain the same level. Blood samples were collected 
by ear vein puncture in tubes containing citrate phos¬ 
phate dextrose (CPD) (10:1.4) as an anticoagulant. 
Blood was centrifuged at 2000 g for 15 min. Plasma was 
separated and the buffy coat on top of the cells was re¬ 
moved and discarded. The ceils were mixed with buff- 
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Table 1. Cholesterol and phospholipids in human plasma and erythrocytes before and 

after cholesterol enrichment 


Medium 

Group 

Cholesterol 
(mg %) 

Phospholipid 
(mg %) 

C/P 

Plasma 

Normal 

145.0 ±8.62* 

177.218.4 

0.8110.02 


CEP 

248.0 ± 12.4. 

171.518.5 

1.4510.09 

Erythrocytes 

Normal 

66.5 ±7.9 

. 67.517.8 

0.9810.01 


CEE 

85.73 ± 10.2 

65.213.1 

1.31 ±0.12 

♦Mean ± S.D. 





Table 2 , Cholesterol, phospholipids and C/P ratio in plasma and erythrocytes of 


control and cholesterol-fed (hycholest) rabbits 




Cholesterol 

Phospholipid 


Medium 

Group 

(mg %) 

(mg %) 

C/P 

Plasma 

Control 

96.3 ± 22.4* 

96.5 137.6 

1.0510.23 


Hycholest 

626.3 ± 76.8 

323.0128.3 

1.95 ±0.27 

Erythrocytes 

Control 

67.2 + 20.5* 

68.5 14.07 

0.97 1 0.22 


Hycholest 

170.01 13.9 

110.014.08 

1.53 10.10 


*Mean ± S.D. 


ered saline (pH 7.4) and centrifuged at 2000 g for 
10 min. The supernatant was removed. This process was 
repeated thrice. For measuring the aggregation of eryth¬ 
rocytes these cells were suspended in plasma at 5% 
haematocrit, whereas for deformability these were sus¬ 
pended in buffered saline containing 0.5% albumin to 
prevent their crenation^^ at 6% haematocrit. 

In vitro cholesterol enrichment of erythrocytes 

Fresh blood samples collected from healthy donors 
{n=\2) in test tubes containing CPD (10:1.4) were 
centrifuged at 2000 g for 10 min. The plasma was sepa¬ 
rated by aspiration. The buffy coat on top of the cells 
was removed and discarded. 

Preparation of cholesterol-enriched plasma 
(CEP) 

In the previously reported techniques^®’to inactivate 
the enzyme LCAT plasma was heated to 56°C. Thus, the 
conversion of cholesterol to cholesterol ester was pre¬ 
vented. The excess of free cholesterol in plasma resulted 
in cholesterol enrichment of erythrocytes. In the present 
method^^ cholesterol was added to unheated normal 
plasma depending upon the availability of phospholipids 
in the plasma. This suspension was sonicated (Sonitron 
model ISM, Bombay) at a power level of 50 W at 4°C 
for 2 h. Thereafter, this was centrifuged at 2000 g for 
15 min. The supernatant, cholesterol-enriched plasma, 
was separated and the sediment discarded. 


Preparation of cholesterol-enriched erythrocytes 
(CEE) 

Washed erythrocytes were suspended in the CEP at a 
haematocrit 40% and incubated for 2 h in a water bath 
maintained at 37°C. To obtain uniform exchange, the 
suspension was gently mixed at intervals of 15 min. 

^ Further details of this procedure are given in ref 32. 

After incubation, the erythrocyte suspension was cen¬ 
trifuged at 2000 g for 15 min to separate the erythro¬ 
cytes and plasma. From these the suspensions for 
aggregation and deformability measurements were pre¬ 
pared by the procedures outlined above. 

Lipid estimations 

The erythrocyte lipids were extracted with chloroform 
methanol (2:1) mixture by the method of Folch et al^^ 
and the total lipids of plasma and erythrocytes were de¬ 
termined by the method of Fringes et al?^ 

The levels of cholesterol and phospholipids of plasma 
and erythrocytes were determined by the methods of 
Baginski and Zak^^ and Naito^^ respectively. 

Data collection 

For collection of data on aggregation mechanism, the 
erythrocyte suspensions were placed between the light 
source and the detector. The recording of the transmitted 
intensity was carried out throughout the process till the 
observation volume was clear of aggregates, as observed 
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Figure 3. Varialion in transmitted intensity at various time intervals 
of human normal erythrocyte suspensions at 5% hacmatocrit. The 
sequential recording is presented as four segments; I, If III and IV. 



0 - 4 4 - 8 8 - 12 12 - 16 16 - 20 20 - 24 

Time (min) 


Figure 4. The variation in aggregate size index, presented as the 
number of tlucUiations in each category at various time intervals, 
corresponding to the change in number of cells for normal 


human erythrocyte suspension. These 
3000-7000; ilTfl 7000-14000; 


21000-29400. 


categories are: { i 
14000-21000; 


by the absence of fluctuation. For each set of observa¬ 
tions a new glass chamber was used. This was a precau¬ 
tionary measure to avoid the artefacts caused by the 
sticking of various blood products on the walls of the 
specimen chamber. 

Deformability of the control, hyperchoiesterolaemic 
and cholesterol-enriched erythrocytes was measured in 
terms of the first and second passage times through rhe 
cellulose membranes, as discussed above. Ail the sam¬ 
ples were analysed within 2-3 h after blood collection at 



0 - 4 4 - 8 8 - 12 12 - 16 16 - 20 20 - 24 

Time (min) 

Figure 5. The variation in aggregate sedimentation time index pre¬ 
sented as the number of fluctuations in each category corresponding 
to the time interval required to cross the obser¬ 
vation volum e for normal hu man eryt hrocyte suspension. These cate¬ 
gories are: EHll 0-0.15 s; 0.15-0.3 s; 0.3-0.45 s: 



0 - 4 4 - 8 8 - 12 12 - 16 16 - 20 20 - 24 

Time (min) 


Figure 6, Variation in the aggregate size index presented as the 
number of flucualions in each category at various time intervals, 
corresponding to the change in the number of cells for the CEE 

samples. These categories are; [.i_J 3000-12000; {^111 12000- 

24000; 24000-36000; IMI 36000-48000. 


622 


CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 








RESEARCH ARTICLE 


room temperature (25°C). The Student’s Mest was used 
to compare the data for various groups. 

Results 

The cholesterol and phospholipids levels in plasma and 
erythrocytes before and after the cholesterol-enrichment 
process are show'n in Table 1. The cholesterol content is 
significantly increased by adding cholesterol to this 
medium. The normal erythrocytes show an increase in 
cholesterol-to-phospholipid (C/P) ratio. There is no 
change in phospholipid composition after incubation. 

Table 2 shows the levels of cholesterol and phospho¬ 
lipids and the C/P ratio in the plasma and erythrocytes 
of rabbits. Due to cholesterol feeding, the cholesterol 
and phospholipids levels and the C/P ratio in blood 
samples of these rabbits are increased. 

Figure 3 shows an example of the variation of the 
transmitted intensity (TI) of the erythrocyte suspension 
of a human control sample. As evident from the figure, 
there are no significant fluctuations in the TI for about 
5 min. Thereafter, these tend to appear in the output 
signal. With the increase of sedimentation duration, the 
amplitude of these fluctuations varies, indicating a 
change in aggregate size. Finally, there are no fluctua¬ 
tions in the TI, indicating that all the formed aggregates 
have crossed the observation volume in about 22 min. 

Figure 4 show's the nomogram of the aggregate size 
index as obtained from the amplitude of the fluctuations 
in the erythrocyte suspensions of human control sub¬ 
jects, Initially, the amplitude of the fluctuations is less, 
which tends to increase with increasing time duration. 
The change in the number of cells clearly indicates that, 
initially, the observation volume consists of aggregates 
of large size, but towards the end of the process aggre¬ 
gates of various sizes are observed. The formation of 
aggregates of various sizes is further supported by the 
observed variation in the ASTI of a human control 
sample (Figure 5). The occurrence of fluctuations with a 
smaller time interval indicates the formation of large 
aggregates, which take less time to cross the observation 
volume. 

The variation in the AS! in a suspension of the human 
CEE is showm in Figure 6. The pattern of the aggregate 
size variation is altered. The aggregation process is ini¬ 
tiated earlier and is completed faster than for the control 
sample. The dominance of small-amplitude fluctuations 
indicates the formation of large aggregates throughout 
the process. Figure 7 shows the variation of the ASTI in 
the human CEE suspensions. Fluctuations of short time 
intervals are observed throughout the process, which 
indicate that the aggregates move faster through the OV. 

Figure 8 shows a comparison of the ENC at various 
time intervals in the path of the laser beam. The pattern 
of sedimentation of the CEE is different from that of the 
normal human erythrocytes. The process completion 



Time (min) 

Figure 7. Aggregate scdiiiieiitation time index variation presented 
as the number of llucluations in each category, corresponding to the 
time intervals required to cross the obs ervation volume, for the CEE 
samples. These categories a rc <0.375 s; CT.C l 0.375- 

0.75 s; 0.75-1,125 s: 1.125-1.5 s. 



Cholesterol enriefament 


lOOOOO ' \ 

, . \ . 

^ Yo '' IS ’''‘""2®'.‘25... '3®' ” 35 

Tim* (mhs) 

Figure 8, Variation in the ciTeclive number of cells (ENC) for the 
normal and tltc CEE samples at various lime intervals. 

time for the CEE is less than that of normal erythro¬ 
cytes. Figure 9 shows the variation of the ECSD of the 
normal md the CEE. An increased value of this for the 
CEE samples shows the presence of a large number of 
fluctuations throughout the process compared to that of 
normal erythrocytes. 

Two more parameters are obtained from the above 
figures for further comparison of the aggregation proc¬ 
ess. These are; (a) half-cells time (HCT) - required to 
achieve 50% of the initial number of cells in the path of 
the beam (from Figure 8); (b) aggregation fluctuation 
time (AFT) - indicating the time taken by aggregates 
corresponding to this HCT (from Figure 9). Fahie 3 
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Table 3. Comparison of the aggregation parameters of human 
cholesterol-enriched (CE) erythrocytes 

normal and 


Normal 

CE 

P 

TRCP (min) 

22.4 ±3.5* 

18.5 ±1.94 

<0.025 

TNF 

3012 ±467 

2719 ±281 

<0.1 

HCT (min) 

15.9±2.11 

11.3 ± 1.661 

<0.005 

AFT (s) 

0.31 ±0.06 

0.56 ±0.103 

<0.005 

♦Mean ± S.D. 




Table 4. Comparison of the aggregation parameters of erythrocytes of control 
and cholesterol-fed rabbits 


Erythrocytes 


Parameter 

Control 

Hycholest 

P 

TRCP (min) 

277 ±43* 

232 ±38 

<0.05 

A^max (%) 

4.87 ±0.88 

8.12± 1.13 

<0.0005 

♦Mean ± S.D. 




Table 5. Comparison of the filtration time (FT) and filtration rate (FR) of erythrocytes 
of control and cholesterol-fed (hycholest) rabbits 

Parameter Control 

Hycholest 

P 

I FT* 

4.97 ±0.87+ 

5.92 ± 1.04 

<0.1 

Pass PR** 

124.56 ±21.63 

104.34+ 16.87 

<0.1 

II FT 

6.52± 1.13 

8.13 ±1.34 

<0.05 

Pass FR 

95.12 ± 17.84 

75.72 ±11.82 

<0.05 

Mean FT 

5.74 ±0.99 

7.03 ±1.05 

<0.05 

FR 

107.79 ± 19.28 

87.13 ±11.64 

<0.05 


*In s. 

**In \xL/s. 
^Mean ± S.D. 



Figure 9. Variation in the effective cellular sedimentation duration 
(ECSD) for the normal and the CEE samples at various time inter¬ 
vals. 


shows the variation in the above parameters along with 
the total number of fluctuations and the time required 
for completion of the aggregation process for human 
normal and CEE. The changes in TRCP, HCT and AFT 


are highly significant in the CEE compared to those of 
controls. This shows that the process of cholesterol en¬ 
richment alters the aggregation process of erythrocytes 
significantly. 

In contrast to human subjects, the aggregation 
mechanism of rabbit erythrocytes is different. These 
cells do not show any significant fluctuation due to the 
formed aggregates. Therefore, the fluctuation amplitude 
(A) due to the change in transmitted intensity signal ob¬ 
served towards the end of the process is presented as the 
percentage of the maximum TI (A/^max) (°/o). The aggre¬ 
gation parameters of erythrocytes of the control com¬ 
pared to those of cholesterol-fed (hycholest) rabbits 
show significant variation (Table 4). This indicates that 
this process is responsible for the observed changes in 
the aggregation process. 

The variation in passage time and filtration rate of 
erythrocytes of normal and cholesterol-fed rabbits is 
given in Table 5. The mean filtration time and filtration 
rate show significant variation in hypercholesterolaemic 
erythrocytes. The same pattern is observed in the mean 
values, which shows that the deformability of in vivo 
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Table 6. Comparison of the filtration time (FT) and filtration rate (FR) of human normal 
and cholesterol-enriched (CE) erythrocytes 



Parameter 

Normal 

CE 

P 

I 

FT* 

4.62 + 0.43^ 

5.65 ±0.53 

<0.0025 

Pass 

FR** 

131.01 ±11.48 

107.17 ± 10.85 

<0.0025 

11 

FT 

6.55 ±0.525 

8.02 ±0.884 

<0.0025 

Pass 

FR 

92.19 ±7-32 

75.63 ±8.42 

<0.0025 

Mean 

FT 

5.58 + 0.38 

6.83 ±0.70 

<0.0025 


FR 

111.59 ±7.44 

88.76 ±9.35 

<0.0025 


*In s. 

**In P.L/S. 
■^Mean ± S.D. 


cholesterol-enriched cells is decreased. By a similar 
process, the variation in filtration time and filtration rate 
of the human CEE is analysed (Table 6). The changes 
produced in these parameters are highly significant, in¬ 
dicating a decrease in erythrocyte deformability. 

Discussion 

The present techniques are aimed at detecting the 
changes in the transmitted component of light for aggre¬ 
gation process analysis and measurement of passage 
time through a cellulose membrane. The variation in 
parameters of the aggregation process provides details 
about the interaction of cellular and plasma constituents 
in terms of formed aggregates and their sedimentation 
pattern at various time intervals. Similarly, the passage 
time indicates the change in erythrocytes membrane 
structure and the interior while passing through the 
curved slits of the cellulose membranes. The second 
passage time is longer than the first one, indicating a 
reduced flow of erythrocytes, attributed to the presence 
of erythrocytes in the slits. During the second passage, 
these erythrocytes interact with the incoming erythro¬ 
cytes, thus delaying the overall flow through the mem¬ 
brane. The alteration in the normal shape of erythrocytes 
due to the hypercholesterolaemic process^^ could partly 
be responsible for the observed decrease in the deform¬ 
ability. 

The present observations show that the aggregation 
mechanism, as analysed by various parameters, varies 
significantly in in vitro and in vivo cells. Without cho¬ 
lesterol enrichment this directly shows a comparison 
between human and rabbit erythrocytes. In human cells 
the aggregation process, as analysed by the variation in 
the TI, is completed in about 22 min, whereas, under 
exactly identical conditions, the same process with 
rabbit erythrocytes suspension takes around 4 h. This 
variation could partly be attributed to the distribution of 
membrane proteins, phospholipids and fatty acids pat¬ 
tern of total lipids^^ and their interaction with plasma 
proteins. Further details of the mechanism responsible 
for this variation are not known. The cholesterol en¬ 


richment process is directly related to the transfer of 
cholesterol from plasma to erythrocytes. A significant 
decrease in the time required for completion of the 
process, the formation of large aggregates and the dis¬ 
tribution of fluctuations indicate that the sialic acid 
content of the human erythrocyte membrane, which is 
reduced during the processcould partly be responsi¬ 
ble for the enhanced tendency of aggregate formation of 
these cells. 

The deformability of erythrocytes is significantly re¬ 
duced due to the cholesterol enrichment process, which 
is directly attributed to the transfer of cholesterol from 
plasma to the erythrocyte membrane, leading to its hard¬ 
ening, which finally leads to discocyte-acanthocyte 
transformation of these erythrocytes These results are 
further supported by the findings of others^^”^^. Despite 
this change in erythrocyte deformability, the aggregation 
of erythrocytes is not reduced, which means these cells 
are still capable of adapting themselves to cell shape 
variation required for aggregate formation. 

In conclusion, the aggregation of cholesterol-enriched 
erythrocytes obtained by in vitro (human) and in vivo 
processes is increased despite the fact that the rabbit 
blood does not show any distinct variation in the aggre¬ 
gation process over a long period compared to that of 
human. The erythrocyte deformability of these choles¬ 
terol-loaded cells is significantly reduced. The observed 
changes in human blood viscosity could be due to the 
aggregation and reduced deformability of the erythro¬ 
cytes, whereas in rabbits this could be due to morpho¬ 
logical changes in cells and alterations in the levels of 
plasma constituents. 
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Theory of tiling in general and of quasiperiodic tiling 
in particular has been studied extensively since the 
discovery of quasicrystals. Several algorithms have 
been proposed to generate quasiperiodic tiling 
in two-dimensional plane as well as in three- 
dimensional space. A new algebraic approach to gen¬ 
erate such tilings is developed and discussed. The 
four-integer representation of a two-dimensional 
quasiperiodic system is explored to arrive at the 
analytical conditions for generating quasiperiodic 
tiling. 

The novel procedure of decorating a plane quasiperi- 
odically with a minimum of two types of rhombii as 
proposed by Penrose^ and the computation of diffraction 
patterns of such decorations have been studied exten¬ 
sively even before the discovery of a quasicrystalline 
phase. A close resemblance between the diffraction 
patterns of quasicrystalline phase and the computed 
diffraction patterns of three-dimensional (3D) quasipe¬ 
riodic tiling"^ (a 3D extension of Penrose’s idea) aroused 
a general interest among physicists and mathematicians 
to explore further the theory of tiling in general and 
quasiperiodic tiling in particular. 

During the past one decade, several interesting and 
elegant algorithms have been proposed to construct 
quasiperiodic tilings. Some of the algorithms are based 
on theorems of higher-dimensional geometry {D > 4)^~^, 
while the others make use of geometrical constructions 
along with certain selection-making steps^. The higher¬ 
dimensional approach, while being elegant and capable 
of yielding the geometric structure factor, suffers from 
the drawback of an indirect choice of hyperspace and 
hypercell. It is silent over the growth process of tiling 
and works at the cost of visualization. The other group 
of methods involves selection-making steps of two or 
more legal choices. Amongst all these legal choices, 
only one is correct and the others lead to an incorrect 
tiling, which comprises frustrations and violates the 
quasiperiodic transitional order. Also, it does not pro¬ 
vide any further input to the physical properties of such 
configurations. Moreover, both these conjectures fail to 
establish unambiguously a definite mathematical corre¬ 
lation amongst all the vertices generated by such algo¬ 
rithms, which is necessary to provide a lattice-like 
definition to the generated tilings. 

In the present communication, we will briefly discuss 
a newly proposed algorithm by Ramachandrarao et al.^ 
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and generalize it further to obtain purely analytical 
conditions for generating quasiperiodic lattices. 

The algorithm proposed by Ramachandrarao et al? 
involves cyclic repetition of a given set of geometrical 
operations, very similar to normal crystallographic op¬ 
erations, on a rhombus with included angles of 72° and 
144° and edge length a. The pattern generated after six 
cycles of operations is shown in Figure 1 . Mathematical 
simplifications establish that the coordinates of the ver¬ 
tices of 2D Penrose tiling (2DPT), may be expressed in 
a generalized form as^ 

X~ m) sin(7C/5) 

Y=a^{p-^ qT) • \ 

qm is the edge length of the rhombii in the tiling, t is the 
golden mean, and m, n, p and q are integers. The exis¬ 
tence of a global fivefold rotational centre in 2DPT in¬ 
vokes the following parity conditions on these integers. 


m 

n 

P 

q 

Even 

Even 

Even 

Even 

Odd 

Even 

Even 

Odd 

Odd 

Odd 

Odd 

Even 

Even 

Odd 

Odd 

Odd 


0 



C 


Figure 1. The tiling generated in the sixth generation. 
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A 






Figure 2. Quasilattice with local non-crystallographic rotational 
centre. 


These generalized coordinates and the parity condi¬ 
tions provide a new possibility to generalize algebrai¬ 
cally the above algorithm to generate 2DPT, which may 
further throw some light on several important aspects of 
a quasiperiodic tiling. 

The generalized form of coordinates suggests that 
quasilattices may be described by integer domains 
(closed set of integers) of m, n, p and q. These domains 
are obtained by simple mathematical considerations. Let 
the area which is to be quasiperiodically decorated be 
bounded by 


(0, 0), ( ^max? ^max)) l^max) (0, fmax)* 

We can write 

^max = (Fm- 1 + T) sin(7l/5), 

^raax ~ (ai^/2) (2F/y/ + 2Fj^ +1 r), 

where Fj^j and F^+i are the (A^--l)th, Mh and 

(A^+l)th elements of Fibonacci series. 

We can also write 

■^max ~ (^max + ^max sin(7l/5), 

hmax “ (af/l) (p 

max ^max '^)- 

A comparison of the above equations simply dictates 
that the domains of integers are given by 

I 1 < Fn- 1, 

l«l ^Fn, 

I p I < 2Ffj, 

I gf 1 < 2Fn+\. 



C1 

Figure 3. Quasilattice with tenfold rotational symmetry. 


Hence, one can fix up the range of integers for a given 
area of interest. If all possible sets of the four integers 
within these domains are accepted and plotted in a car¬ 
tesian frame of reference, the generated pattern will be a 
superimposition of several periodic lattices shifted with 
respect to each other by a linear multiple of t. Now, we 
may put a window in terms of parity conditions over the 
sets of integers and choose the sets which qualify any of 
the four parity conditions. When plotted together, the 
points that qualify yield a quasiperiodic point lattice 
with a local non-crystallographic rotational centre 
(Figure 2). However, the global rotational symmetry is 
crystallographic. Thus, it establishes that the parity 
conditions are necessary but not sufficient to generate a 
quasilattice with non-crystallographic rotational symme¬ 
try. 

The quasilattice with tenfold rotational symmetry 
(Figure 3) is generated by subjecting the parity- 
satisfying sets of integers to the following further con¬ 
ditions: 


3ni^ + 2n~ + + q^ — 2/w/7 > F^^ i, 

(la) 

— f7i^ + rP" + q^ + AiTin 4- 2pq > F}^. 

(IZ.) 


The above two conditions are derived based on the fact 
that the dimensions of the area of interest are described 
as a function t in such a way that the extreme points are 
located at a radial distance from the centre, where 

•^max ~ ^N-\ 
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Figure 4. Penrose tiling - a subset of decagonal quasilattice. 


A necessary and sufficient condition for a point (m, n, p, 
q) to lie within the area may now be derived as 

where the radial distance {R) of a point from the origin 
( 0 , 0 ) is given by 

= (3/72^ + IrP" ~ Imn) 

+ T (- + Amn + 2pq). (2) 

It ultimately yields the conditions given above (eqs. 
(la) and (IZ?)). A violation of any of these two condi¬ 
tions along with parity conditions destroys the basic 
characteristic features of the quasiperiodic lattice from 
the generated pattern. 

One can note that the quasiperiodic lattice generated 
by these algebraic conditions possesses all the vertices 
of 2DPT of a definite edge length as a set (Figure 4). 
The remaining lattice points will also become the verti¬ 
ces of the tiling at a higher order of deflation. Selection 
of 2DPT vertices only needs some more conditions on 
the parity-satisfying sets of m, n, p and q. Such condi¬ 
tions are discussed below. 

To derive the analytical conditions for the selection of 
2DPT vertices, let us consider the 2DPT within a frame 
of reference of five oblique axes, each at 72° separation 
with its successor. Any vertex in such a frame of refer¬ 
ence can be defined as 

5 

/=! 

where M/ are integers and Vj are the unit vectors along 
the vertices of a regular pentagon. If a be the magnitude 
of unit vectors, any arbitrary vector R will be given by 
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R — ci\M\V\ + A/ 2 F 2 "L ^ 3^3 + Af 4 F 4 -{- ]. 

Resolving it into x and y components, we get 

Rx = a[(M 3 - M 4 ) + T (M 2 - M 5 )] sin( 7 r/ 5 ), 


Ry = (a/ 2 )[( 2 Mi - M2- Ms) + t (M2 - M 3 - 

-M 4 +M 5 )]. 

Mj being integers, we can write 


m = M3 - M 4 , 

{ 3 a) 

1 

.11 

(3b) 

p - 2 M\ - Ml - Ms, 

(3c) 

q = M2 — M3 — M 4 + M 5 . 

{3d) 


Since the set of Mj also represents the vertices of a 5D 
cube when associated with five linearly independent 
orthogonal vectors, the obtained relations (Eqs. (3a)- 
(3d)) unambiguously establish a link between 2D indi¬ 
ces (w, p, q) and 5D indices (Mj). It further makes it 
possible in the following manner to compute directly the 
5D indices for a given set of four integers. 

We know that in 2DPT 

0 < XM- < 4. 

Substituting the above-derived relations (Eqs. (3a)- 
(3d)) in the condition on XM/, we get 

0<-(2pj + qj) + 5Mj<4, (4) 

where pj and qj are the values of p and q after a rotation 
of 2 / 71/5 (/ = 1-5). Thus, for each value of / one can de¬ 
termine the values of Mj for a given set of m, n, p and q. 
This complete mapping of two sets of integers enables 
us to perform the projection mechanism (5D onto 2D) 
algebraically in terms of integers of 2D cartesian 
system. It also establishes that the coordinates in pseu¬ 
dospace can also be directly determined by the follow¬ 
ing relations: 

777° = - 77, 

77° = 777, 

p° = -{p + q), 

q° = -q^ 

where 777°, 71°, /?° and g° are the indices of a point Mj 
when projected in pseudospace and possess the indices 
777, 77, p and q in physical (real) space. A substitution of 
the above relations in the projection mechanism formu¬ 
lates a similar approach in 2D space only, where the 
area of interest is called true plane and is characterized 
by 777, 77, p and q. Similarly, there is a test plane charac¬ 
terized by 777°, 77°, p° and <g^°. The area of the test plane 
differs for each set of the value of - (2p + q), which de¬ 
termines the height (LMj) of the projected point in 
pseudospace. 

629 










RESEARCH COMMUNICATIONS 


Applying the concept of test plane for the selection, we 
get the following conditions on a point to belong to 
2DPT: 

(1 + + ±^/)> 0 . 

The upper signs are used for the first and second test 
planes and the lower signs are used for the third and 
fourth test planes. The pattern generated by the above 
conditions on a given range of m, n, p and q is shown in 
Figure 6, It comprises the 2DPT vertices and a global 
fivefold rotational centre. 

Starting with the novel geometrical algorithm pro¬ 
posed by Ramachandrarao et al.^, we have derived ana¬ 
lytical conditions for the generation of 2DPT. We 
establish an entirely new algorithm to generate 2DPT 
and make the geometrical algorithm only a mental aid. 
The present approach highlights effectively certain in¬ 
teresting aspects of quasiperiodic lattices. A relation 
between the indices (m, n, p, q) with the indices in 
higher-dimensional space (M/) is also rewarding in 


considering the geometrical algorithm in 5D space. This 
study, for the first time, establishes a long-range definite 
mathematical order among the vertices selected by a 
window (results to be published elsewhere). 
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Application of drag-reducing 
polymers in agriculture 

R. P. Singh*, J. Singh*, S. R. Deshmukh*, 
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Drag-reducing polymers reduce the drag in a turbu¬ 
lent flow (by a mechanism not yet fully understood) 
while increasing the drag in a laminar flow, due to 
an increase in the shear viscosity. This feature of 
drag-reducing polymers has been utilized in reducing 
the energy requirements of sprinkler irrigation sys¬ 
tems. Their use also increases the water throughput 
and the area of coverage of the sprinkler irrigation 
system. The water containing drag-reducing poly¬ 
mers percolates slowly in the soil, thus reducing the 
percolation losses of water. Utilizing this aspect, a 
slow-release urea has been developed by blending 
urea with guargum. The present paper outlines the 
results of a detailed investigation carried out at 
the Indian Institute of Technology, Kharagpur, 
on the application of drag-reducing polymers in ag¬ 
riculture. 

Extremely minute .concentrations of large polymer 
molecules, fibres or particles when present in a fluid 
cause reduction in the friction resistance in a turbulent 
flow compared to that of the fluid alone. This phenome¬ 
non is called drag reduction and was first reported by 
Toms^ in. 1949. The historical perspectives of drag re¬ 


duction phenomenon have recently heen illustrated in 
the review of Singh^. In 1961, US Naval Laboratories 
began an investigation into drag reduction. The credit¬ 
able studies of their scientists have given new dimen¬ 
sions to research in the field of turbulent drag reduction 
and drew worldwide attention. The practical implica¬ 
tions of this phenomenon were first realized by Savins^ 
who also applied the term drag reduction for the first 
time. A large number of papers and reports on an inter¬ 
national scale confirming and extending the details of 
the drag reduction effect have appeared since these early 
investigations. The recent papers by Hoyt\ Singh" and 
Shenoy^ review the various aspects of this phenomenon 
and are good general references. Ever since the discov¬ 
ery of drag reduction with additives, many practical 
applications have been suggested and a few have already 
materialized. The list of possible areas of applications 
has increased enormously to include oil well fracturing, 
crude oil and refined petroleum product transport, fire 
fighting, irrigation, sewage and flood water disposal, 
hydrotransport of solids, water heating circuits, jet cut¬ 
ting, hydraulic machinery, marine applications and bio¬ 
medical applications. A review by Sellin et al^ covers 
the progress in all these application fields except for 
biomedical applications. Sellin’s review paper^ dis¬ 
cusses the applications of drag reduction with more em¬ 
phasis on sewage and flood water disposals. Pollert^ 
discusses its applications in the field of hydrotransport 
of solids,' water heating circuits and agricultural irriga¬ 
tion in detail. 

A programme of drag reduction investigations was 
initiated at the Indian Institute of Technology, Kharag- 


CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 


631 





RESEARCH COMMUNICATIONS 


pur, India, in 1978, which has continued until now^"^"^. 
The main purpose of this programme was to develop 
new polymeric drag reducers, to study their effective¬ 
ness, to investigate polymer degradation and to explore 
the feasibility of applying drag reducing phenomenon in 
various fields like slurry transport, sprinkler irrigation 
and aerofoil systems. Drag-reducing polymers reduce 
the drag in a turbulent flow while increasing the drag in 
a laminar flow, due to an increase in the shear viscosity. 
At the Indian Institute of Technology, Kharagpur, these 
aspects of drag-reducing polymers have been success¬ 
fully applied in reducing the energy requirements of 
sprinkler irrigation systems, and in reducing the perco¬ 
lation losses through soil as well as in the development 
of slow-release urea. This paper reports the details of 
these aspects along with the effect of drag-reducing 
polymers on plant growth and evaporation suppression. 

In surface irrigation systems water flows through un¬ 
lined earth channels. Sprinkler irrigation can be used to 
prevent seepage losses and control irrigation. About 30- 
40% of water can be saved^^. Burt and Keller^^ have 
concluded that in countries like India and Pakistan 
sprinkler irrigation is not possible due to high initial and 
operating cost. A major factor preventing the use of 
sprinkler irrigation is the high energy requirement. The 
solution to energy crisis lies both in reducing energy 
consumption and in developing new sources of energy. 
The sprinkler irrigation system is operated under turbu¬ 
lent flow conditions, in distribution pipes, in the riser 
and in the ejected water jet. Hence, application of the 
turbulent drag reduction phenomenon can be useful in 
reducing the energy requirements and thereby saving 
power and fuel consumption. 

The application of turbulent drag reduction in sprin¬ 
kler irrigation was first demonstrated by Union Carbide 
Company, USA, in 1966. They used polyox and ob¬ 
served an increase in the radius of coverage and a re¬ 
duction in the energy requirement. 

Significant research was also carried out in Czecho¬ 
slovakia to explore the feasibility of this phenomenon in 
sprinkler irrigation^^. In India, the research in this field 
began in 1978. Holey et al}^ conducted experiments 


with 30 ppm concentration of polyethylene oxide (PEO) 
(Polyox WSR-205 BDH, UK). The results showed a 
positive gain in power reduction and an increase in the 
radius of coverage of the sprinkler irrigation system. 
After these early results the study was extended to other 
polymers such as polyacrylamide (PAM), xanthangum 
(XG), guargum (GG), carboxymethyl cellulose (CMC), 
etc., under varying experimental conditions'^ A typical 
sprinkler irrigation system was used in the following 
experiments. In the subsequent runs, polymer-added 
water was used as the test fluid. The operating pressure 
and discharge of the system were controlled with the 
help of gate valves. Premixed polymer solutions were 
used instead of polymer injections. Operating pressures 
were in the range 0.104—0.224 MPa. Polymers studied 
were PEO, PAM, XG and GG. Three parameters, viz, 
the radius of coverage and hence the area of coverage, 
drag reduction between two adjacent nozzles and finally 
the reduction in power consumption, have been deter¬ 
mined to evaluate the effectiveness of the polymers. The 
results are briefly discussed here. 

The radius of coverage of the sprinkler nozzle is a 
function of the available pressure at the nozzle, particle 
size and resistance to air. Other operating conditions 
being more or less the same, increase in radius of cover¬ 
age is an indirect measure of drag reduction. Percentage 
increase in the radius of coverage was calculated by us¬ 
ing the following equations: 

= ^xlOO, (1) 

where subscripts s and w denote solution and water 
alone, respectively. In the case of polymer-added water, 
the radius of coverage was found to increase at all op¬ 
erating pressures, ranging from 0.104 MPa to 
0.224 MPa. There exists a linear relationship between 
radius of coverage and operating pressures. Table 1 
gives the percentage increase in the radius of coverage 
by application of four different polymers at various con¬ 
centrations of polymers and varying operating pressures. 
The maximum average percentage increase was found to 


Table 1. Percentage increase in radius of coverage by sprinklers at different operating pressures 


Polyacrylamide Polyethylene oxide Xanthangum Guargum 

Operating (PAM) (PEO) (XGM) (GGM) 

pressure - -^- - -—- 


(kg/cm^) 

10 ppm 

25 ppm 

20 ppm 

30 ppm 

50 ppm 

100 ppm 

500 ppm 

1000 ppm 

1.06 

13.3 

20.0 

26.7 

33.3 

40.0 

46.7 

33.3 

40.0 

1.33 

- 

18.8 

28.1 

31.3 

37.5 

- 

27.5 

31.3 

1.41 

5.9 

23.5 

26.5 

29.4 

35.3 

50.0 

29.4 

35.3 

1.58 

- 

22.9 

- 

31.4 

42.9 

42.9 

28.6 

37.1 

1.76 

12.0 

14.6 

14.6 

25.0 

30.2 

35.4 

22.4 

27.6 

1.93 

- 

12.5 

15.0 

22.5 

27.5 

35.0 

25.0 

30.0 

2.11 

7.3 

12.2 

14.6 

22.0 

24.4 

34.2 

26.8 

31.7 

2.29 

9.9 

9.3 

16.3 

18,6 

20.9 

30.4 

25.6 

27.9 

Average 

9.7 

16.7 

20.3 

26.7 

32.3 

39.2 

27.3 

32.6 
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DISCHARGE, 10”^ cum/min 

Figure 1. Effect of various concentrations of guargum on radius of coverage by sprinkler nozzles. 


be 39.2% in the case of 100 ppm xanthangum solution 
(Industrial grade, Kelco, USA). It was followed by 
1000 ppm guargum (32.6%), 50 ppm xanthangum 

(32.3%), 500 ppm guargum (27.3%), 30 ppm PEO 
(26.7%) and 20 ppm PEO. Thus, all the polymers were 
found to be drag reducers, though the degree of effec¬ 
tiveness is different. The drag reduction phenomenon 
not only helps in the availability of greater pressures at 
the nozzle, but also in reducing the air drag on the liquid 
droplets. A jet of polymer-added water was found to be 
more coherent than that of water alone. 

In another studythe effectiveness of purified guar¬ 
gum in increasing the radius of coverage was studied. 
The concentration range was 100-1000 ppm; the results 
are presented in Figure 1. It was observed that R 
increases with increase in guargum ; concentration. 
The purification of guargum by the method given by 
Whitcomb et al causes improvement in the effective¬ 
ness as is evident from a comparison of the data ob¬ 
tained by purified guargum and commercial guargum. 

Drag reduction is defined as^ 

• Ap„ - Apo 

. drag reduction (%) =-100, (2) 

APs 


where Aps = pressure drop in a given length of tube for 
the solvent and App = pressure drop for the polymer so¬ 
lution, with the same flow rate of liquid for both. As it is 
customary in drag reduction literature, water-based 
Reynold’s number (wZ)/v, where u is the average ve¬ 
locity, D the diameter of pipe and v the kinematic vis¬ 
cosity) has been used and percentage drag reduction vs 
Reynold’s has been plotted in Figure 2. The percentage 
drag reduction was found to increase with increase in 
Reynold’s number. Drag reduction was found to in¬ 
crease with concentration of the polymer. Among the 
gums, purified guargum gave maximum drag reduction 
of 58% at 1000 ppm concentrations. 

Preliminary investigation by Sankar^^ in a sprinkler 
set-up having two bends and three nozzles placed in a 
straight line indicated that energy saving of up to 46% is 
possible by the use of 30 ppm PEO. It was also found 
that the number of bends had considerable influence on 
the effectiveness of the polymers. However, for a nor¬ 
mal sprinkler irrigation system, the number of bends are 
likely to be more than two. 

Detailed study on the energy consumption fispect was, 
therefore, conducted in a set-up having nine bends to 
provide a more realistic overall picture under adverse 
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-0-1000 PP»TV Q<5M 
— ^0 ppn^ 



Figure 2. Change in drag reduction as influenced by different concentrations of polymers in water. 


conditions. The results are shown in Figure 3. Again, 
purified guargum at higher concentration (1000 ppm) 
was found to give more decrease in energy consumption. 
Reduction in the energy consumption due to polymer 
addition was more when the discharge rates were higher. 
In a recent study^^, while using a sprinkler irrigation set¬ 
up having only one bend, even the use of commercial 
and purified guargum gave a maximum reduction of 
about 28% in the energy requirement, at concentrations 
of 300 and 100 ppm, respectively. The results so far 
have shown that there is definite saving of energy with 
the addition of polymer. 

To study the effect of sprinkling polymer solution on 
the plant, the following study^^ was conducted. The test 
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crop chosen was wheat and the statistical design was 
used. Irrigation was given taking IW/CPE ratio to be 
0.9. In order to simulate the spraying action of the 
sprinkler, two manually operated sprayers were used to 
apply solutions on the plant cover. The results are 
shown in Tables 2 and 3. It was observed that at lower 
concentrations, none of the polymers showed any ad¬ 
verse effect on plant growth. Guargum and CMC treat¬ 
ment showed poor performance. This can be attributed 
to their high concentrations. In both the cases, the con¬ 
centrations were higher than 100 ppm. Due to the high 
concentrations of gum, the leaves were glued to the stem 
and soil surface, which might have hindered the photo¬ 
synthesis of the plants. 
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Figure 3. Relationship between power reduction and discharge as influenced by polymer concentrations. 


Table 2. Yield and yield attributes in wheat as influenced by irrigation with polymer solution (polymer typewise) 


Treatment 

Productive 

tillers 

(no.) 

Length of 
ear 
(cm) 

Grains 
per ear 
(no.) 

Test 

weight 

(g) 

Grain 
yield 
(g por') 

Straw 
yield 
(g POf‘) 

Water 

3.47 

7.11 

21.55 

29.42 

5.61 

15.43 

Polymer 

2.81 

6.48 

14.77 

29.22 

4.55 

13.77 

SEm 

0.21 

0.38 

1.20 

NS ■ 

0.19 

0.50 

CD, P = 0.05 

0.42 

0.76 

2.39 


0.39 

1.01 

CD, P = 0.01 

0.55 

1.01 

3.18 

- 

0.51 

1.34 

Polymer 

PEO 

3.16 

7.01 

21.85 

29.92 

5.25 

15.54 

PAM 

3.53 

7.12 

20.93 

30.13 

5.82 

16.43 

XG 

2.89 

6.83 

19.69 

29.82 

4.61 

14.44 

GG 

2.53 

6.00 

17.60 

28.98 

3.94 

13.89 

CMC 

1.96 

5.42 

15.63 

27.23 

3.15 

8.55 

SE„, 

0.17 

0.20 

0.45 

NS 

0.15 

0.79 

CD, P = 0.05 

0.33 

0.41 

1.89 

- 

0.30 

0.79 

CD, P = 0.01 

0.44 

0.54 

2.56 

- 

0.40 

1.06 • 


*Statistically not analysed. 
CMC Carboxymethyl cellulose. 
GG Guargum. 

PAM Polyacrylamide. 

PEG Polyethylene oxide. 

XG Xanthangum. 

CD Critical difference.* 

NS Nonsignificant. 

SEm Standard error of mean. 
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Table 3. Yield and yield attributes as influenced by irrigation water mixed with polymers (concentrationwise) 

Treatment 

Polymer cone, 
(wt ppm) 

Productive 

tillers 

Length 
of ear 

Grains per 
ear 

Test 

weight 

Grain yield 
(q pof') 

Straw yield 
(qpor') 

PEO 

20 

3.27 

7.22 

21.37 

30.31 

5.54 

16.02 

PAM • 

30 

3.47 

6.80 

22-34 

29.52 

5.09 

15.27 

XG 

50 

2.73 

7.01 

21.84 

29.93 

5.13 

15.33 

SE,n 


NS 

NS 

NS 

NS 

NS 

NS 

PAM 

10 

3.67 

7.40 

22.86 

31.01 

6.20 

17.03 

PAM 

25 

3.60 

7.19 

19.74 

■ 29.87 

5.60 

15.91 

XG 

50 

3.33 

6.77 

20.18 

29.53 

5.66 

16.36 

SE„, 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

XG 

100 

2.93 

6.71 

19.51 

29.31 

4.98 

14.74 

XG 

150 

2.87 

6.84 

19.80 

30.42 

4.59 

14.63 

XG 

200 

2.87 

6.93 

19.77 

29.72 

4.31 

14.05 

SEni 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

GG 

100 

2.60 

6.59 

18.32 

29.05 

3.98 

13.98 

GG 

2000 

2.60 

5.78 

17.43 

29.51 

3.99 / 

14.15 

GG 

3000 

2.40 

5.64 

17.13 

28.37 

3.86 

13.54 

SEn, 


NS 

0.352 

NS 

NS 

NS 

NS 

CD, ? = 0.05 


- 

0.704 

- 

- 

- 

- 

CD, P = 0.01 


_ 

0.936 

— 

_ 

_ 


CMC 

2500 

2.20 

5.81 

17.31 

27.45 

3.40 

8.95 

CMC 

5000 

2.07 

5.44 

14.98 

27.62 

3.25 

8.76 

SEm 


NS 

NS 

NS 

NS 

NS 

NS 


CD, P = 0.05 
CD, P = 0.01 


*Statistically not analysed. 
CMC Carboxymethyl cellulose. 
GG Guargum. 

PAM Polyacrylamide. 

PEO Polyethylene oxide. 

XG Xanthangum. 

CD Critical difference. 

NS Nonsignificant. 

SE„, Standard error of mean. 


To study the percolation losses or the hydraulic con¬ 
ductivity, a typical constant-head permeameter was 
used^^’ 13,14 compositions have been used 

in the permeameter. The physical properties of sand 
were measured by standard methods. The Mariottic bot¬ 
tle was filled with water or polymer solution and was 
made airtight by applying wax. The volume of the per¬ 
colated water or the water passed through the sand block 
at various time intervals was recorded. After each test, 
sand block was washed thoroughly for more than two 
hours to remove any trace of polymer. Hydraulic con¬ 
ductivity* was evaluated applying Darcey’s law, which 
states that the quantity of water passing through a unit 
cross-section of soil is proportional to the gradient of 
hydraulic head. In mathematical symbols, Darcey’s law 
is 

Q=:Kxixa, (3) 

where 

Q = volume of flow per unit time, cc/s, 


i = hydraulic gradient, dimensionless, 
a ~ cross-section of flow area, cm^, 

K = hydraulic conductivity, cm/s. 

The polymers used to study percolation losses were 
guargum and CMC. The results are shown in Figures 4 
and 5 as flux versus time and hydraulic conductivity 
versus concentration. It was observed in the first set of 
experiments^^ that the hydraulic conductivity was re¬ 
duced to 86% and 99% in cases of 1000 ppm guargum 
and CMC, respectively. Attention was then paid to 
studying the effect of concentration on hydraulic con¬ 
ductivity^"^. It has been observed that with increase in 
concentration, the reduction in hydraulic conductivity is 
more. Up to 800 ppm concentration, there is significant 
increase in reduction of hydraulic conductivity. How¬ 
ever, with further increase in concentration the increase 
in reduction of hydraulic conductivity is very small. The 
extent of reduction of hydraulic conductivity is expo¬ 
nential. The relation between percentage reduction in 
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hydraulic conductivity (K') and concentration (C) of 
purified guargum is given by the following equation 
(Figure 5): 

r = 100 - (103.4 e~ “ ^ 4 ) 

where K' is the percentage reduction in hydraulic con¬ 
ductivity and is given by 

K' = - y' ~ xlOO. (5) 

The effect of polymer on flux (volume of fluid passed 
per unit area through sand block) is shown in Figure 4. 
The flux reduces with time and then attains a constant 
value for water. This constant value was attained after 
2.5 h, whereas in 100 ppm purified guargum the con¬ 
stant value was attained in 30 min^"^. It was observed 
that with increase in concentration, the flux decreases 
(Figure 5). The relation between flux and time period is 
given by the following equation: 

q = b (6) 

where b and c are constants. The form of equation sug¬ 
gests that b and c are dependent on sand characteristics. 
b is also dependent on polymer concentration. Although 
the above experiments were conducted with sand sam¬ 
ples, as is evident from the following, drag-reducing 
polymers reduce the hydraulic conductivity of soil too, 
which contains more than 50% sand. 

In another study, the soils were puddled with poly¬ 
mers and the effect on hydraulic conductivity was ob¬ 
served. The puddling itself is found to be much more 
effective and addition of polymer further reduces the 
conductivity. However, this treatment was found to be 
less effective than the earlier treatment, i.e. passing 
polymer solutions through a soil column. For a crop like 
paddy, ponding of water in fields is essential. It was 
observed that puddling also helps in reducing percola¬ 
tion losses. To simulate the ponded condition, the fol¬ 
lowing experiment was designed and the effect of 
polymers guargum, CMC and their mixtures and 
crosslinked guargum was studied^^. In this study, the 
hydraulic conductivity of unpuddled soil, of soil with 
puddling in the presence of water alone and of soil 
treated by puddling in the presence of polymer solution 
was determined. The puddling was carried out by Remi 
stirrer. The results are depicted in Figure 6. The results 
show that puddling itself has considerable influence in 
controlling percolation losses. It was observed that re¬ 
duction in hydraulic conductivity increases signi¬ 
ficantly with puddling and the addition of polymer has 
very little effect on hydraulic conductivity. The relation 
between cumulative volume collected at the bottom (loss 
due to percolation) and time can be expressed as 

V=a + bt + ce* (7) 
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where a, b, c and d are constant. The values of coeffi¬ 
cients a and b were found to be positive while the values 
c and d were found to be negative. The equation fits 
well to the data as correlation indices vary from 0.9990 
to 0.9999. The exact values for each case are given in 
Figure 6. In the above study, it was observed that guar¬ 
gum crosslinked by sodium tetraborate at 0.05% concen¬ 
tration gives the best results. In general, guargum was 
found to be best among guargum, CMC and their mix¬ 
tures. The polymer molecules being large in size, the 
flow gets obstructed while passing through porous soil. 
This is due to high elongational viscosity encountered in 
the porous media. The crosslinked guargum was found 
to be more effective than guargum alone. This is natu¬ 
rally due to the bigger size of giant aggregated molecu¬ 
lar entity formed due to crosslinking^^ 

For water management in agriculture, another factor 
which is equally important as percolation losses is loss 
of water due to evaporation. Evaporation suppression 
plays an important role in conserving the water for effi¬ 
cient and judicious water management. Considerable 
amount of research work has been carried out through¬ 
out the world in this aspect. Various methods have been 
suggested. The important one is spreading the mono- 
molecular films of chemical suppressants which act as a 
barrier between water surface and atmosphere. An ex¬ 
haustive review of literature relating to evaporation re¬ 
tardation by monolayers was done by Roberts^^ and 
Singh and Das^"". 

It was suggested that polymer, if dissolved, might help 
in reducing evaporation losses. Preliminary studies^^ 
were conducted to investigate the evaporation suppres¬ 
sion characteristics of drag-reducing polymers. From the 
results obtained, it was quite clear that the polymer can¬ 
not be used for this purpose. PEO and PAM showed 
increased evaporation whereas very high concentrations 
of guargum (500 ppm), CMC (1000 ppm) and xanthan- 
gum (100 ppm) caused evaporation reduction of 6.19%, 
5.84% and 0.54%, respectively, which are insignificant. 

Nitrogen is an important fertilizer for plant growth. 
The performance of urea as nitrogeneous fertilizer is 
due to its relatively low cost and high content of nitro¬ 
gen. Urea being quickly soluble, large percentage of 
losses occur due to leaching and run-off This has moti¬ 
vated the development of slow-release urea fertilizer. 
The various processes which contribute to nitrogen 
losses in agriculture fields - particularly, paddy fields- 
are leaching, ammonia volatilization, nitrification, deni¬ 
trification and run-off. The other transformations are 
biological immobilization and ammonia fixation. Any 
process which interferes with these transformations will 
increase nitrogen use efficiency. Slow-release fertilizers 
are those which have low rates of dissolution. 

In USA sulphur-coated urea has been developed. It 
did not become popular in India due to its high cost and 
limited availability. Lac-coated urea is still in experi¬ 
mental stage and its cost also will be high. It has re- 
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Figure 6. Effect of guargum on percentage reduction of percolation loss for soil S 2 . 


cently been pointed out that if urea is coated with brittle 
coatings such as glass or sulphur, as soon as the coating 
fractures the fertilizer is immediately released and per¬ 
colates quickly through soil. Blending is a better process 
for slow release of fertilizers^"^. It was thought that a 
logical process would be to blend urea with some mate¬ 
rial which would act as a diffusion retardant. It was then 
decided to blend urea with water-soluble polymers and 
study its properties. A project^^ was undertaken with the 
following objectives: 

(i) Development of polymer-blended urea of various 
compositions. 

(ii) Evaluation of infiltration, hydraulic conductivity 
and release qharacteristics, urea under laboratory 
conditions in soil columns having sandwiched. 

Blending was carried out by two methods: (a) melt 
blending (MB) and (b) ordinary physical blending (OB). 
The polymer used was again guargum. The guargum was 
blended with urea in various proportions. The results of 
these experiments show that melt blending is usually 


more effective than ordinary physical blending. How¬ 
ever, loss of nitrogen occurs during the melt process. 
Further, urea forms a hard cake after melting and further 
grinding is, therefore, essential before end use. An ex¬ 
periment^^ in which different kinds of ureas were sand¬ 
wiched in a column of soil at a depth of 10 cm from top 
and 40 cm from bottom was conducted. The soil column 
was initially prepared in a 75 cm long Incite cylinder 
having an inside diameter of 5 cm. The bulk density of 
the soil was 1.50 g/cm^. A water head of 10 cm is 
maintained over the top of the soil in all experiments. 
The relationship between water front advance and time 
can be given by the following equation: 

L = a-¥bt-ct*. (8) 

The constant b in the above equation provides a good 
measure of the effectiveness of the treatment. Decrease 
in the value of b gives reduction in the rate of water 
front advance. The results have been plotted as b vs. 
blend composition and are given in Figure 7. The best 
results were obtained at 0.8% MB urea (0.8% guargum 
was melt-blended with 99.2% urea). In the case of 
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Table 4. Time taken b> different urea.'urea-guargum blends to get 
dissolved completely*^ 


Table 5. Effect of nitrogen source and nitrog^ level on grain yield 
of rice (g/ha) 


Weight 

(g) 

Urea/urea blend 

Average time tal 
(min) 

12.6 

Urea 

2.67 

12.6 

0.2% OB 

3.67 

12.6 

0.4% OB 

5.5 

12.6 

0.6% OB 

10.17 

12.6 

0.8% OB 

12.83 

12'.6 

1.0% OB 

16.50 

12.6 

1.2% OB 

19.67 

12.6 

0.2% OB 

7.0 

12.6 

0.4% MB 

8.67 

12.6 

0.6% MB 

16.33 . 

12.6 

0.8% MB 

18.67 

12.6 

1.0% MB 

28.00 

12.6 

1.2% MB 

38.33 


MB Melt blending. 

OB Ordinar}^ physical blending. 


Levels of nitrogen, kg/ha 


N 2 source 

0 

40 

80 

120 

Mean 

Control 

Urea (split treatment) 

22.89 

35.98 

43.37 

48.89 

42.79 

(50:25:25) 

Gypsum-coated-urea 


34.07 

41.25 

44.61 

39.98 

Rock-phosphate- 
coated urea 


33.85 

41.46 

45.48 

40.10 

Nitrohumic-acid 

coated-urea 


32.97 

40.06 

42.88 

38.64 

Guargum-coated urea 

- 

35.81 

42.07 

46.46 

41.45 

Urea super granules 

22-89 

34.81 

42.21 

46.42 



(1.0 g size) 

CD 5%, two levels, including control 0.81 

Two sources 1.11 

Interaction, two-sources means for 
the same level 1.925 

Two-levels means at the same source 1.932 


physical blending the value of b was found to be con¬ 
tinuously decreasing with increase in guargum concen¬ 
tration. Thus, it was observed that infiltration can be 
retarded by polymer due to the superabsorbent nature of 
coated guargum. To study the dissolution rate, a sepa¬ 
rate experiment was carried out in which pellets of 
urea and blended urea were suspended in water and 
dissolution was studied (Table 4). It was again obser¬ 
ved that blending imparts resistance to dissolution of 
urea. 


The preliminary laboratory studies were then extended 
to field trials“^’^^. In field trials, 0.8% blended urea was 
chosen for the treatment. The efficiency of this blend 
was compared with other commercially available slow- 
release urea preparations. The guargum-urea blend 
showed results comparable to other commercially avail¬ 
able preparations. The results .are shown in Table 5. In 
an independent study by Kotur“^ the performance of our 
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guargum-coated urea has been tested in cultivars of 
cauliflower in comparison with urea super granule, lac- 
coated urea and neem-extract-coated urea. The highest 
yield is obtained with our urea and neem-extract-coated 
urea. In cauliflower and brinjal cultivars, net return is 
obtained using our urea. In comparison with other slow- 
release areas, the preparation technique (simple mixing 
in a tumbling mill) adopted in our case is simpler and 
cheaper. 

The above-described results indicate that drag- 
reducing polymers not only reduce the energy required 
by sprinkler irrigation systems by reducing the turbulent 
drag but also reduce the percolation losses of soils and 
thus may be used as blending agents for the develop¬ 
ment of slow-release urea. Though the application of 
drag-reducing polymers in agriculture to serve any in¬ 
dividual purpose may be expensive, the cumulative 
benefits of polymer additives in sprinkler irrigation, de¬ 
crease in hydraulic conductivity, slow-release prepara¬ 
tion, etc., may prove this technology economically 
feasible^^, A large number of efficient shear- and biode¬ 
gradation-resistant grafted polysaccharide-based drag- 
reducing agents have been developed in the first 
author’s laboratory^^’^^ at Materials Science Centre. 
Efforts are in progress to choose among them a drag- 
reducing polymer which will give optimum reduction in 
the energy requirement of sprinkler irrigation as well as 
in percolation losses. 
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Neodymium monazite from the 
Gajularega cordierite gneisses, 

Eastern Ghats, India 

P. V. Ramesh Kumar and K. K. V. S. Raju 

Department of Geology, Andhra University, Waltair 530 003, India 

Neodymium monazite, occurring as an accessory 
phase in cordierite gneisses at Gajularega in the 
Eastern Ghats, is reported for the first time from 
India. Optically, it is characterized by bright honey 
yellow to rose colour, low optic axis angle, biaxial 
positive interference figure and pleochroic haloes 
with weak pleochroism. X-ray diffraction data with d 
values at 3.280, 3.081, 2.846, 2.425 A reflect mona- 
zite-Nd mineral structure. Monazite-Nd invariably 
shows LREE (light rare earth elements) selectivity. 
The POT impoverishment in analysis suggests 
higher fCOi conditions. It is considered as uniphase 
multicomponent solid solutions containing U, Th, Zr 
and Y, with Nd-rich LREE dominance with coupled 
substitutions. Metamorphic origin is assigned to Nd- 
rich monazite from the Eastern Ghats. Nd-rich REE 
derived from the pegmatitic intrusions in khondalites 
and entered into cordierite gneisses during meta¬ 
morphism. 

Neodymium monazite (monazite-Nd)^ has been found 
as an accessory mineral from a lensoidal outcrop of 
cordierite gneisses from the Eastern Ghats at Gajularega 
village (lat. 18°8T0’'N and long. 83'^23’20"E) in Viz- 
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ianagaram District, Andhra Pradesh. It is being reported 
for the first time. Greaser and Schwander^ have reported 
monazite-Nd from Pta. Glogstafel, Val Formazza,. Italy. 
Cordierite gneisses occur as small lensoidal patches in 
the garnet silimanite gneisses (khondalites) with quartz¬ 
ites and pegmatitic veins exhibiting E~W and ENE- 
WSW trends. Cordierite occurs both as stumpy tabular 
and as xenoblastic grains characterized by numerous 
dusty inclusions, with pleochroic haloes around n^ona- 
zite~Nd and incomplete lamellar or sector twinning. 
Different mineral assemblages associated with cordierite 
gneisses are: (1) spinel + cordierite + magnetite + 
monazite; (2) cordierite + monazite +ilmenite-magnetite 
± sapphirine; (3) monazite + spinel ± plagioclase ± 
quartz; (4) monazite + plagioclase + garnet ± spinel. 


Table 1. Chemical analysis, structural formulae of monazite-Nd 


Wt% 


Structural formula on 
the basis of 16(0) 

La 203 

-4.65 

La = 

0.29 

Ce 203 

= 16.92 

Ce = 

1.07 

PriOs 

= 2.43 

Pr = 

0.15 

Nd203 

= 28.49 

Nd = 

1.75 

Sni203 

= 4.92 

Sm = 

0.29 

E 112 O 3 

= 1.04 

Eu = 

0.05 

Gd203 

= 3.94 

Gd = 

0.23 

DyaOa 

= 0.52 

Dy = 

0.03 

Er203 

= 0.24 

Er = 

0.01 

Yb203 

= 0.86 

Yb = 

0.04 

LU 2 O 3 

= 0.84 

Lu = 

0.04 

Y 2 O 3 

= 1.95 

Y = 

0.18 

Zr02 

= 0.96 

Zr = 

0.08 

ThOi 

= 6.82 

Th = 

0.27 

UO 2 

= 0.64 

U = 

0.02 

CaO 

= 0.16 

Ca = 

0.03 

P 2 O 3 

= 24.62 

P = 

3.59 


100.00 


8.12 



2REE = 

= 3.95 



I(Y, Zr, Th, U) = 

= 0.55 



S(Ca, P) = 

= 3.62 


Table 2 . X-ray diffraction data 

d{A) 

lo/h 

hkl 

Crystallographic constants 

4.150 

30 

Ti 1 

System - monoclinic 

3.280 

60 

20 0 

^70 = 6.745 

3.081 

100 

1 2 0 

60 = 6.691 

2.8847 

90 

1 1 2 

Co = 6.430 

2.846 

60 

1 1 2 

Z = 4 

2.425 

40 

2 1 2 

Dx = 5.41 (calculated) 

2.4259 

48 

2 1 2 

D = 5.42 (measured) 

2.3395 

6 

02 2 

Optically positive 

2.1814 

25 

03 1 

p= 103°4r 

1.954 

30 

2 1 2 

117= 1.86 

1.8775 

15 

1 03 

2v = 12 ° 

1.7902 

13 

023 


1.6924 

20 

3 2 1 



Optically pure monazite-Nd fractions were separated 
using the Frantz isodynamic separator and treating the 
fractions with heavy liquids. Separated mineral fractions 
were used for X-ray diffraction studies and chemical 
analysis. REE, U, Th and other elements were analysed 
using inductively coupled plasma mass spectrometer 
(ICPMS). A complete chemical analysis and the calcu¬ 
lated structural formulae of monazite-Nd are given in 
Table 1, and X-ray data along with the calculated crys¬ 
tallographic constants are given in Table 2. 

Monazite-Nd occurs as fine grains (3-10 jum) in 
prismatic crystal form, exhibiting bright honey yellow to 
rose colour. Using the pycnometer, the specific gravity 
of the mineral grains was determined to be 5.42 g/cm^. 
It crystallizes in monoclinic form, with low optic axis 
angle (2v) of 12° and with weak dispersion, r<v. It 
exhibits pleochroic haloes with weak pleochroism. 
Biaxial positive interference figure is a characteristic of 
this mineral. Refractive indices of the mineral are 
a= 1.789, P = 1.793 and y= 1.871. The structural for¬ 
mula of monazite-Nd calculated on the basis of 16(0) is 
[(REE), 3.95 (U, Th, Zr, Y),o .55 (Ca, P),3.62 04 ]- 

The theoretical REO (rare earth oxide) content for 
monazite^ with Ce:La=l:l is 69.73 wt%, but in this 
mineral (monazite-Nd), U, Th, Y and Zr substitute for 
REE, that lower the REO content with Z(La + Ce 4- 
Pr) = 24wt%. Nd/E (La + Ce + Pr) is 1.16 as against 
0.28 for reported normal monazites^. 

Unit cell parameters of monazite-Nd are: ao = 6.745, 
6o = 6.691 and co = 6.430 A, which are lower than the 
values for normal monazites. Lower cell dimensions 
suggest that REE substituting for U"^"^ and Th"^"^ are es¬ 
sentially LREE, which have slightly larger ionic radii 
(1.079-1.16 A) than that of U"^”" (1.00 A) and Th^'" 
(1.05 A). X-ray diffraction (XRD) data with d values at 
3.280, 3.081, 2.846, 2.425 A suggest monazite-Nd min¬ 
eral structure, d spacing at 2.8847 A may be due to 
some impurity associated with monazite grains subjected 
to XRD analysis. 

The impoverishment of phosphate (PO^“) in the 
analysis of mineral suggests higher /CO 2 conditions, 
where early stages of crystallization might have pre¬ 
ferred strong precipitation with Nd-rich LREE in coor¬ 
dination 9 along with cordierite formation. Monazite- 
Nd along with cordierite is a product of recrystallization 
and authigenic growth in response to retrograde meta- 
morphic conditions during the third phase of tectono- 
orogenesis with high Nd, Th contents with variable U. 
The REE derived from pegmatites, which are close as¬ 
sociates of garnet sillimanite gneisses and quartzites, 
and entered into cordierite gneisses during metamor¬ 
phism. Cordierite enclaves around monazite-Nd grains 
suggest that crystallization of monazite-Nd completed 
prior to cordierite crystallization and these coeval ten¬ 
dencies expressed in textural evidences. 
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Monazite-Nd is considered as a uniphase multicom¬ 
ponent solid solution containing U, Th, Y and Zr, with 
Nd-rich LREE dominance with coupled substitutions of 
U and Th for Ce. Metamorphic origin was assigned to 
neodymium-rich monazite from the Eastern Ghats. De¬ 
tailed geochemical and mineralogical studies of these 
rocks are underway. 
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Global methane emission from rice 
paddies: Excellent methodology but 
poor extrapolation 

Suresh K. Sinha 

Water Technology Centre, Indian Agricultural Research Institute, 
New Delhi 110 012, India 

Methane emission from rice paddies would require a 
source of carbon as a substrate and a reducing soil 
environment. The maximum methane production 
from glucose, presuming it as a source of carbon, was 
estimated on the basis of known micro-biochemical 
reactions. The total biomass of rice paddies from the 
various regions was estimated using grain yield and 
biomass partition coefficient (Harvest Index). The 
relation of biomass and methane emission was used 
as reported earlier for estimating methane emission 
from rice paddies. The maximum global methane 
emission from rice paddies was estimated 
7.08x10^^ gas against llOxlO^'g and 60xl0^^g 
reported by IPCC in 1990 and 1994, respectively. 
The need for identifying new sources of methane is 
emphasized, and the limitations of experimental 
methodology highlighted. 

Methane has been identified as an important green¬ 
house gas which can contribute to global warming. It 
has been estimated that methane accounted for 15% to¬ 
wards the global warming effect from 1800 to 1990. 
Therefore, efforts have been made to identify sources 
and sinks of methane to account for its annual increase 
in the atmosphere. 


The estimates of methane release from rice paddies 
are based essentially on the studies conducted at Davis 
Campus, University of California, USA, and Vercelli in 
Italy. These authors have developed excellent tech¬ 
niques of sample collection and measurements but their 
biological and agricultural aspects have not been well 
attended to. The extrapolations lack realism, leading to 
excessive overestimation of methane release from rice 
paddies. This has possibly diverted attention from the 
as-yet unidentified source of methane. This commentary 
examines the limitations in estimates of methane release 
from rice paddies. However, before a new basis of esti¬ 
mates is presented, the mechanism of methane release 
from rice paddies is described, followed by a section on 
extrapolation. 

Mechanism of methane release from rice 
paddies 

1. The rice plant does not produce any methane by 
itself It only serves as a mechanism of transport of 
methane dissolved in rhizosphere^ 

2 . Methane is produced in a reduced environment by 
one of the three groups of methanogenic bacteria. 
The mechanism involves conversion of various or¬ 
ganic acids such as acetic acid produced from or¬ 
ganic carbon to methane as follows: 

CH3COOHCH4 + CO2 ( 1 ) 

CO2 + 4H2A ^ CH4 + 2H2O + 4A (2) 

Therefore, the occurrence of organic carbon is an 
essential requirement for generating methane. 

3. Besides organic carbon in the soil, the rice plant 
could leach some amount of the organic carbon in 
the rhizosphere and in the soil. The more the or¬ 
ganic carbon content of the soil, the higher will be 
the potential for methane production. 

4. The methanogenic bacteria are active in the pH 
range of 6.5-8.0. In acidic environment they do not 
function. In addition, the saline water and hence sa¬ 
line soil impairs methane formation remarkably”. 

Several authors have made the following observations 
which they found difficult to explain""”^’ 

I. The rice plots heavily fertilized (200 kg N ha“^) 
had more methane emission than non-fertilized 
plots. 

II. There was a diurnal variation in methane emission 
which increased in the late afternoon reaching a 
peak between 1800 and 2100 hours but becom¬ 
ing very small by early morning. This observation 
has to be noted for California, USA, Italy or Ger¬ 
many, where the crop is grown in summer, when the 
day length is 16 h or more, providing a prolonged 
photosynthesis duration. 
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III. There is considerable variation in methane release 
during the vegetative period (growth period), and 
the maximum emission is reached during or near the 
flowering period. After flowering, the emission of 
methane declines sharply. The peak emission value 
remains for a period of 10-15 days in the crop du¬ 
ration of 90-100 days. This period accounts for 
90% of the total methane release during the whole 
crop season^. 

IV. Soils having a higher content of organic matter pro¬ 
duce more methane and the production is tempera¬ 
ture-dependent. 

The above observations can be explained as follows; 

(i) The increase in methane emission by rice plants in 
response to heavy fertilization would be a function 
of increased biomass production. Since methane is 
produced in rhizosphere from organic carbon re¬ 
leased by the rice plant, a higher above-ground 
biomass would potentially release more organic 
carbon. Accordingly, a heavily fertilized crop, par¬ 
ticularly having a higher organic carbon in soil, 
would release more methane. A poorly fertilized 
crop produces a poor above-ground biomass and a 
poor grain yield, would release lesser amounts of 
organic carbon in soil, causing lower methane 
emissions. Therefore, grain yield could form the 
basis of methane emission potential. 

(ii) Diurnal variation in methane is expected if methane 
production is dependent on the release of organic 
carbon from the current photoassimilates. There¬ 
fore, depending upon the day length of 12-18 h, 
this period would differ at different locations as ob¬ 
served in several studies^’^ Thus, this observation 
represents the expression of photoassimilation 
(photosynthesis) capacity. 

(iii) The variation in methane release during the vegeta¬ 
tive period on an area basis is expected because the 
biomass increases gradually, reaching the maximum 
weight by flowering. All published data on methane 
emission are comparable to growth rate curves. 
Since the rate of photosynthesis declines after the 
commencement of grain development, the supply of 
current assimilates for methane production would 
decrease. Hence, it is correct to observe that meth¬ 
ane emission declines after flowering. The observa¬ 
tion that a 2-week peak period accounts for 90% of 
the total methane emission during the entire growth 
period would appear physiologically a correct re¬ 
sult. 

(iv) Dependence of methane emission on organic carbon 
of the soil and the soil temperature would be ex¬ 
pected on the basis of the functioning of methano- 
genic bacteria. 

Thus, the above results are strongly suggestive of meth¬ 
ane emission being dependent on the above-ground 


biomass. The latter could be estimated from the grain 
yield for different regions of the world. In addition, 
some of the important features of experimentation, par¬ 
ticularly the agricultural aspects, can be summarized as 
follows: 

High organic matter of the soil (2.5%), 7.0 or 7.8 pH, 
which is optimum for methane production, 200 kg N 
ha"^ or more to a crop of unspecified growth with a 
common productivity level of 7000 kg ha”^ rice paddy 
grain. Assuming a harvest index of 40%, the biomass 
productivity would be 17,500 kg ha”^; the photosyn- 
thetically active period was 16 h or more per day. 

The above features of agricultural aspects of experi¬ 
mentation would lead to maximum production and re¬ 
lease of methane, which are not found in rice-growing 
areas of Asia. Therefore, it is important to describe the 
conditions of rice-growing areas. 

Characteristics of rice-growing areas 

The rice-cultivated area and production in Asia is 89.5% 
and 91.6% of the world area and production, respec¬ 
tively. Almost all this area is monsoonic, 15% of the 
area being upland. In the rainfed area the standing water 
creates a reducing environment. The reducing environ¬ 
ment, because of standing water, does not exceed for 2- 
3 weeks of the growing period in rainfed areas. The soil 
organic carbon is low (0.5% or less) and the pH is often 
in the acidic range (4.5-6.5). The coastal areas are often 
served by saline water. The average fertilizer nitrogen 
application ranges from nil to 60 kg N ha"'. Thus, the 
biomass and yield achieved are much lower than that 
obtained in California and Italian experiments. 

Biomass-methane relationship 

Recently, the relationship between biomass and methane 
release has been established'^. In fact, the effects of di¬ 
urnal variation and those of variation in growth duration 
are ultimately reflected in the biomass production ca¬ 
pacity. This will also be true for the application of fertil¬ 
izer, which is responsible for increasing the biomass and 

Table 1. Methane emission from rice paddies from India 



Rice 


Annual 

Rice 

paddy 


total 

paddy 

area 

Estimated 

methane 

area 

upland Yield 

biomass 

emission 

10'" m-)(x 10‘" m-) (kg ha"') 

(g m“) 

(X 10" g; 


Biomass yield 


East 

18.4 

2.58 

1181 

354 

2.93 

North 

8.4 

0.84 

2283 

570 

2.05 

South 

7.8 

0.78 

2265 

543 

1.90 

West 

7.3 

0.51 

2688 

420 

1.38 

Total 

41.9 

4.71 

- 

_ 

8.26 


644 


CURRENT SCIENCE, VOL. 68, NO. 6, 25 MARCH 1995 



RESEARCH COMMUNICATIONS 


Table 2. Methane emission from rice paddies from Asia 

Methane Yield Annual total 

Rice release of Estimated methane 

. 2 .rea paddy biomass release 

Country (x lO*" m^) (x 10‘“ m^) (kgha-‘) (xlO‘'gm^) (xlO"g) 


India 

41.5 

35.0 

China 

32.4 

32.4 

Bangladesh 

J0.6 

9.6 

Indonesia 

10.3 

9.5 

Thailand 

9.9 

8.9 

Vietnam 

5.8 

5.3 

Burma 

4.8 

4.0 

Philippines 

3.5 

3.1 

Pakistan 

2.1 

2.1 

Korea 

2.1 

2.1 

Japan 

2.1 

2.1 

Malaysia 

1.22 

1.1 

Cambodia 

L8 

1.0 

Nepal 

1.1 

1.05 

Sri Lanka 

0.73 

0.67 

Laos 

0.52 

0.21 

Others 

1.01 

1.0 

Total 

131.47 

_ 


2590 

Ill 

12.2 

5537 

1329 

19.37 

2502 

751’ 

3.1 

4111 

987 

4.2 

2077 

623 

2.5* 

3089 . 

927 

2.2 

2853 

856 

1.5 

2705 

812 

1.1 

2269 

681 

0.64 

6970 

1672 

1.58 

6188 

1480 

1.39 

2668 

800 

0.4 

1167 

300 

0.2 

2638 

791 

0.36 

2670 

801 

0.24 

2369 

710 

0.07 

2072 

623 

0.28 

- 

- 

51.32 


or 5.13 X 10‘^ 


Table 3. Methane emission from rice paddies from Asia * 


Region 

Area 

(X lO*” m^) 

Yield 
(kg ha“‘) 

Biomass 
for a 

season 

(gm^) 

Total annual 
methane 
emission 
(X 10" g') 

Africa 

5.5 

1899 

570 

1.41 

NC America 

1.-8 

5100 

1530 

1.24 

South America 

6.9 

2507 

752 

2.33 

Asia 

131.0 

3539 

1000 

58.95 

Europe 

0.42 

5138 

1500 

2.83 

USSR 

0.65 

3861 

1100 

3.22 

Oceania 

0.11 

6917 

1729 

0.86 

Total 

146.38 

— 

— 

70.84 

or 7.08 X 10‘^ 


yield. Therefore, biomass and methane relationship 
would provide a better method of estimating emissions 
from around the world. 

Biomass-methane relationship methodology 

The following methodology for estimating methane 
emission from India, Asia and the world has been used. 

Step L The rice paddy grain yield is multiplied by a 
factor of 3 in low-yield regions and by 2.5 in 
high-yield regions to obtain the total biomass. 
Step 2. Biomass per hectare is converted to biomass/m^ 
and is used for determining methane emission 
per day following Fisher et al7. 

Step 3. According to Holzapfel-Pschom and Seiler^, the 
peak methane released fpr a 2 -week period ac¬ 
counted for 90% of the CH 4 emitted during the 
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entire period of growth. Since the calculated 
biomass in Step 2 is the maximum potential, it 
was multiplied by 30 days (instead of 2 weeks) 
to obtain total emission during the whole 
growth period. 

Step 4. The methane emission obtained from Step 3 was 
used for calculating methane release from the 
rice-growing regions. 

Step 5. Deductions were done only for upland rice 
paddy, where methane does not occur because 
of the oxidizing environment. No deductions 
have been made for the soil pH reaction. 

Thus, the total flux is calculated as follows: 

Total methane flux = Methane emission area x duration 
of emission (30 days peak emis¬ 
sion) X mg methane kg"^ bio¬ 
mass X biomass. 

For example, the methane emission for eastern India will 
be 

Flux = 18.4 X 10^^ m^ (area) x 30 days x 150 methane 
mgkg“^ biomass X 0.354 kg m^ (estimated bio¬ 
mass m^) 

= 18.4x 10^® X 4.5 gx 0.354 
= 29.3 X 10^® g. 

The results of these estimates are given in Tables 1-3 
for India, Asia and the world, respectively. On the basis 
of these calculations based on biomass, the potential 
estimate of methane release from India, Asia and the 
world is Z.26 x 10“ g, 5.13 x 10*^ g and 7.08 x 10^^ g, 
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respectively. In Table 1 the emission from India is 
8.26 X 10^^ g and in Table 2 it is 1.22 x 10^^ g. Such a 
discrepancy arises because of the weightage of average 
for the whole rice-growing area as against estimation for 
each region separately. The above calculations have the 
following important features which make them overes¬ 
timates rather than underestimates: 

1. During the entire period of growth the maximum 
methane emission for a period of 10-15 days ac¬ 
counts for 90% of the total emission. This 10-15 
days period is the period of maximum biomass. The 
present calculations have considered 30 days emis¬ 
sions with the maximum biomass obtained from grain 
yield values. This is for a crop of 90 days duration. 
Thus, these estimates are in fact overestimates. 

2. The average yield of a country is not a weighted 
average based on productivity of the area. For ex¬ 
ample, eastern India has an average yield of 
1171 kg ha"^ for a rice area of 18.4 million hectare. 
North India has an average yield of 2283 kg ha“^ 
yield from an area of 8.4 million hectare. The aver¬ 
age of these yield averages is 1722 kg ha'^ for the 
two regions. The emission from 18.3 million hectare 
will increase by 50% but would be reduced by only 
20% for an area of 8.4 million hectare. Thus, the 
estimates based on larger area are likely to be 
higher. 

Theoretical consideration 

Methane production in a reducing environment is ac¬ 
complished by methanogenic bacteria using a source of 
carbon. When the rice plant is attributed as the source of 
methane, we are assuming that all the required carbon 
source (carbohydrate) would have been supplied by the 
plant to the rhizosphere. Assuming that this supply is as 
glucose, the following reactions would occur: 

• C 6 H 12 O 6 -> 2 CH 3 COOH + 2 CO 2 (1) 

2 CH 3 COOH 2 CH 4 + 2 CO 2 (2) 

C6H12O6 + 2 O 2 2CH4 + 4 CO 2 + H 2 O. (3) 

Thus, for two molecules of methane to be produced one 
molecule of glucose would be needed. This means that 
for 32 g methane to be produced, 180 g glucose would 
be required. When we consider the reports of 50 g 
methane release, it means that 281 g m~ glucose would 
have been provided. This amount of glucose would be 
equal to 225 g m^ dry matter or 2250 kg ha~^ (300 g wr~ 
400 g m^) dry matter. In all those regions where biomass 
production is only 3000-4000 kg ha“^ such a conclusion 
would be theoretically impractical. Normally, in most 
studies only 10-15% of the total assimilate is assigned 
to root growth, which would include leaching from roots 


also. Thus, the estimates of 20 g m^ methane release or 
above would be impractical to achieve theoretically. 

Conclusions 

This study brings out estimates of methane emission 
based on biomass as an important means of assessing 
global methane emissions. On this basis it is estimated 
that the annual global methane emission from rice pad¬ 
dies v/ould be 7.08xl0^^g as against llOxlO^^g 
stated in IPCC report^. Therefore, there is a need to 
make more realistic measurements of methane in situa¬ 
tions where rice grows. Extrapolations of results from 
California and Europe have serious limitations from ag¬ 
ricultural viewpoint. 

This study emphasizes that it is likely that we are 
missing an important source of methane for which more 
efforts are needed. 
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A low-cost strategy for in vitro 
propagation of banana 

T. R. Ganapathi, J. S. S. Mohan*, 

P. Suprasanna, V. A. Bapat and P. S. Rao 

Biotechnology Division, Bhabha Atomic Research Centre, Trombay, 
Bombay 400 085, India 

♦Department of Biosciences, Sardar Patel University, Vallabh 
Vidyanagar 388 120, India 

A simple low-cost method for micropropagation of 
banana has been standardized. To reduce the cost of 
production of tissue-cultured bananas, multiplication 
of shoots was carried out on a medium prepared with 
tap water and commercial-grade sugar as the carbon 
source. Shoot tips grown on such a medium showed 
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multiple shoot formation (4-5 shoots/culture). Root¬ 
ing and further growth of shoots into plantlets was 
achieved on Knop’s salts solution supplemented wiili 
NAA. Shoot tips encapsulated in sodium alginate 
were also grown on similar media and plantlets were 
developed. The plantlets were successfully estab¬ 
lished in soil. 

Banana is propagated vegetatively by suckers. How¬ 
ever, this method is seriously limited by its low rate of 
multiplication. Several attempts have been made to in¬ 
crease the number of suckers but the rate of increase 
has been only marginal and hence commercial produc¬ 
tion of planting material in some of the elite varieties of 
banana has not succeeded. In the recent years tissue 
culture propagation of banana through shoot tip as well 
as floral apices has been demonstrated successfully"^'^. 
The major limitation in employing tissue culture tech¬ 
nique on a commercial scale is the high cost of produc¬ 
tion per plant compared to suckers and the appearance 
of off-type plants in the progeny. As labour and media 
constitute more than half the cost of a tissue culture op¬ 
eration, in the present study an attempt has been made to 
reduce the cost of media by using tap water, commer¬ 
cial-grade sugar and minimizing the salt components for 
plantlet production. 

Field-grown plants of banana cv. Basra! (AAA)-a 
leading commercial dwarf variety in India - were used 
as the experimental material. Shoot tip cultures were 
established for the induction of multiple shoots. The 
procedure for establishing the cultures and encapsula¬ 
tion of shoot tips has been given in an earlier report^. 
Multiple shoot cultures were established on Murashige 
and Skoog’s^ (MS) medium supplemented with 2 mg/l 
benzyl aminopurine (BA). The individual shoots iso¬ 
lated from such cultures were used for experiments. 
Multiplication of shoots was carried out on a medium 
supplemented with BA (2 mg/l) and either sucrose or 
commercial-grade sugar (3%) as a carbon source. The 
media were prepared either in distilled water or in tap 
water. The composition of tap water^® was: total dis¬ 
solved solids 70 mg/l, CaCOs 42 mg/l, Mg 4 mg/l, Ca 
10 mg/l, K 0.5 mg/l, Na 4 mg/l, Si 16 mg/l, Fe 0.1 mg/l, 
CI 2 5 mg/l and SO 4 2 mg/l. For obtaining complete 
plantlets, the following media-(i) MS salts solution; 
(ii) Knop’s salts solution (250 mg/l KNO 3 , 1000 mg/l 
Ca(N 03 ) 2 , 250 mg/l, MgS 04 • 7 H 2 O, 250 mg/l KH 2 PO 4 ) 
with MS minor, iron and vitamins; or (iii) Knop’s salts 
solution alone - were used along with sucrose or com¬ 
mercial-grade sugar (3%), 1 mg/l naphthalene acetic 
acid (NAA) and 0.1% activated charcoal. The media 
were prepared either in distilled water or in tap water. 
For each treatment 24 shoots were used and the experi¬ 
ments were conducted under controlled conditions of 
light (1000 lux), temperature (25±2°C) and relative 
humidity (50-60%). 



Figure 1. a. Multiple shoot formation on MS + 2 mg/l BA prepared 
with commercial-grade sugar, b, Plantlet development on Knop'.s 
salts solution + 1 mg/l NAA with commercial-grade sugar, e, Encap¬ 
sulated shoot tips developing into plantlets on Knop’s salts solu¬ 
tion -f-1 mg/l NAA with sucrose, d. Hardened banana plants in 
polybags in the greenhouse. 

Individual shoot tips were excised from the multiple 
shoot cultures and were subcultured on MS medium 
(prepared either in distilled water or in tap water) sup¬ 
plemented with BA (2 mg/l) and 3% sucrose or com¬ 
mercial-grade sugar. The shoot tips grown on the above 
media prepared in distilled water containing sucrose or 
commercial-grade sugar showed the formation of multi¬ 
ple shoots, 4-6 shoots per culture (Figure 1 a) in four 
weeks in 100% of the cultures. There was no significant 
change in the frequency of multiple shoot formation on 
both types of media. On a similar medium prepared in 
tap water too the frequency of response was 100%. The 
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Table 1. Effect of different media on plantlet formation from shoot tips of banana 


Medium + carbon 
source (3%) + 

NAA (1 mg/1) 

Cultures 
forming 
plantlets (%) 

No. of 
roots/ 
plantlet 

Plantlet 
height after 

4 weeks (cm) 

A. MS basal salts + 

(i) sucrose/commercial-grade 
sugar in distilled water 

100 

2-4 

7-9 

(ii) sucrose/commercial-grade 
sugar in tap water 

95 

2-3 

7-8 

B. Knop’s salts + MS minor, 
iron and vitamins + 

(iii) sucrose/commercial-grade 
sugar in distilled water 

85 

2-3 

6-8 

(iv) sucrose/commercial-grade 
sugar in tap water 

85 

2-3 

6-8 

C. Knop’s salts + 

(v) sucrose/commercial-grade 
sugar in distilled water 

75 • 

■ 2-3 

6-7 

(vi) sucrose/commercial-grade 
sugar in tap water 

75 

2-3 

6-7 


Data obtained after 4 weeks; 24 explants per treatment. 


growth of the multiple shoots on tap-water-prepared 
medium was, however, comparatively slow and the sub¬ 
culture passage was extended to 6 weeks; this may be 
attributed to the composition of tap water. 

To develop complete plants, elongated shoots (5-6 cm 
in length) were isolated and cultured on either one of the 
following media-(1) MS medium; (2) Knop’s salts so¬ 
lution along with MS minor, iron and vitamins; or (3) 
Knop’s salts solution alone-along with NAA 
(1 mg/1)+ 0.1% activated charcoal and 2% sucrose or 
commercial-grade sugar. The media were prepared ei¬ 
ther in distilled water or in tap water. 

The shoots cultured on MS medium prepared in dis¬ 
tilled water with either sucrose or commercial-grade 
sugar showed considerable elongation and 2-4 roots 
with laterals were noticed after three weeks. The fre¬ 
quency of plantlet formation on both the media was 
100%. However, on a similar medium prepared in tap 
water the shoots showed slow growth and the frequency 
of plantlet formation was 95%. 

Plantlets were also developed (85%) on medium con¬ 
taining Knop’s salts along with MS minor, iron and vi¬ 
tamins, with sucrose or commercial-grade sugar, and 
prepared either in distilled water or in tap water 
(Table 1). Even on Knop’s salts solution alone with su¬ 
crose or commercial-grade sugar prepared with distilled 
water or tap water, 75% of the shoots developed into 
plantlets (Figure 16). 

The encapsulated shoot tips were grown on different 
basal media containing either sucrose or commercial- 
grade sugar, prepared in distilled water or tap water, 
1 mg/1 NAA and 0.1% activated charcoal (Figure 2). MS 
medium prepared in distilled water and supplemented 


% Plantlet C5onv0r8ion 



Figure 2. Effect of different media on plantlet conversion from 
encapsulated shoot tips of banana. Sucrose/commercial-grade sugar 
(3%) + 1 mg/1 NAA. 24 shoot tips per treatment were taken. 


I - MS basal salts + sucrose in distilled water/tap water. 

!I - MS basal salts + commercial-grade sugar in distilled water. 

III - MS basal salts + commercial-grade sugar in tap water. 

IV - Knop’s salts solution + MS minor, iron, vitamins + sucrose 

in distilled water/tap water. 

V - Knop’s salts solution + MS minor, iron, vitamins + 

commercial-grade sugar in distilled water/tap water. 

VI - Knop’s salts solution + sucrose in distilled water. 

VII - Knop’s salts solution + commercial-grade sugar in distilled 

water. 

VIII - Knop’s salts solution + sucrose/commercial-grade sugar in 

tap water. 

with 3% sucrose and 1 mg/1 NAA showed 100% plant 
conversion. Plantlets of transplantable stage were ob- 
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Table 2. Cost-effectiveness of different media used for banana in vitro propagation 


Medium used 

No. of plantlets 
anticipated per 
year (in lakhs)'' 

Cost/plantlet 

(media-based) 

(Rs) 

MS + sucrose + DW 

3.75 

0.45 

MS + CG sugar + DW 

3.75 

0.42 

MS + sucrose + TW 

3.56 

0.46 

MS + CG sugar + TW 

3.56 

0.43 

MS + Knop’s^ 4- sucrose + DW 

3.18 

0.53 

MS + Knop’s^ + CG sugar + DW 

3.18 

0.50 

MS + Knop’s'' + sucrose + TW 

3.18 

0.52 

MS + Knop’s'' + CG sugar + TW 

3.18 

0.48 

Knop’s’' + sucrose + DW 

2.81 

0.36 

Knop’s*' + CG sugar + DW 

2.81 

0.33 

Knop’s’' + sucrose + TW 

2.81 

0.35 

Knop’s’' + CG sugar + TW 

2.81 

0.31 


DW: distilled water, TW: tap water, CG: commercial grade. 

'‘The initial explants used were 100 shoot tips. 

’^Knop’s salts + MS minor, iron and vitamins were employed at the rooting phase. 
‘'Only Knop’s salts were employed at the rooting phase. 

The subculture regime was 4-6 weeks. 


tained after 4 weeks. However, if sucrose was replaced 
with 3% commercial-grade sugar, the conversion fre¬ 
quency was brought down to 70%. On MS medium of 
the same constitution prepared in tap water and with 3% 
sucrose the frequency was 100%, while with 3% com¬ 
mercial-grade sugar it was 50%. Encapsulated shoot tips 
grown on Knop’s salts solution with MS minor, iron and 
vitamins prepared in distilled water or tap water and 
supplemented with NAA (1 mg/1) and 3% sucrose or 
commercial-grade sugar showed 50% conversion fre¬ 
quency. Interestingly, Knop’s salts solution alone pre¬ 
pared in distilled water and fortified with 3% sucrose 
and 1 mg/1 NAA showed a 100% conversion (Figure 
1 c), whereas on similar media with 3% commercial- 
grade sugar the conversion frequency was 50%. 

The objective of this investigation was to develop an 
in vitro method for the micropropagation of banana by 
substituting sucrose and distilled water with commer¬ 
cial-grade sugar and tap water, respectively, and mini¬ 
mizing the use of chemical components of the nutrient 
media (Tables 1 and 2). In banana, though the tissue- 
cultured plantlets have advantages over suckers, cost- 
wise they are 5—10 times more expensive. To minimize 
the cost of tissue-cultured plantlets, various strategies 
have been used in many plant species^^"^^. 

In Leucaena leucocephala the optimum level of su¬ 
crose for shoot cultures was 4% and it was found that 
‘Analar’ grade (AR) sucrose can be successfully re¬ 
placed by a commercial form of table sugar (sugar 
cubes) of sufficient purity, which is ten times cheaper 
than the AR grade sucrose. The micronutrients and or¬ 
ganic salts included in the MS medium were also not 
essential for growth and multiplication of Leucaena 
shoots. Further, it is stated that the omission of 
CUSO 4 * 5 H 2 O, Na 2 Mo 04 • 2 H 2 O and KI did not affect 


the rate of multiplication, and among the organic nutri¬ 
ents only thiamine was found to be essential^^. Simi¬ 
larly, in the present study on banana tissue cultures, 
sucrose was replaced with commercial-grade sugar, and 
for the preparation of media, instead of distilled water, 
clean tap water was used. Though all the components of 
MS medium were found to be necessary for initial shoot 
multiplication, rooting and development of plantlets 
from shoot tip as well as from encapsulated shoot tips 
was readily achieved on Knop’s salts solution with NAA 
and commercial-grade sugar. An overall consideration 
of the cost-effectiveness of the various media shows the 
superiority of Knop’s salts alone for plant conversion, 
followed by MS media prepared either with commercial- 
grade sugar or with tap water (Table 2). We believe that 
these modifications in the medium would be eventually 
useful in reducing the total cost involved in the tissue 
culture production of bananas. 
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Plants regenerated from protoplasts 
of sugarcane {Saccharum officinarum) 

J. N. Gupta, Ravinder Kaur and G. S. Cheema 

Biotechnology Centre, Punjab Agricultural University, 

Ludhiana 141 004, India 

Protoplasts were isolated from calli derived from leaf 
spindles of sugarcane cultivar CoJ-76, released for 
commercial plantation. The purified protoplasts cul¬ 
tured in Kao and Michayluk (KM) medium were 
provided gradually reduced osmoticum by addition 
of amino acids-containing KM medium at weekly 
intervals. Regeneration of plants required the devel¬ 
oping microcalli to be initially cultured on callus 
proliferation medium, followed by Murashige and 
Skoog (MS) basal plant regeneration medium. The 
regenerated plants were transferred to modified MS 
liquid medium for shoot proliferation and root de¬ 
velopment. Plants with well-developed roots were 
successfully transferred to soil for further develop¬ 
ment. 

The regeneration of complete plants from protoplasts is 
one of the most reliable ways to introduce foreign 
gene(s) for the production of transgenic plants in mono¬ 
cots. Regeneration of plants from protoplasts has been 
reported in several cereal crops like rice^'^, wheat^’^, 
barley^ and oat^^. 

In sugarcane, however, this system is limited due to 
poor release of good-quality, round-shaped proto- 
plasts^\ the release of polyphenolic compound(s) from 
culturesand difficulties in regeneration of plants from 
protoplasts of sugarcane^^"^^. In this study, we have 
overcome the problems of release of (i) low numbers of 
good-quality protoplasts by identification of the callus 
type and (ii) release of polyphenolic compound(s) by 
use of amino acids in Kao and Michayluk (KM) me¬ 
dium during osmoticum reduction of cultured proto¬ 
plasts. 


The materials for this study comprised sugarcane cv. 
CoJ-76, released for commercial plantation in the state 
of Punjab. The calli were obtained from the innermost 
young unfurled leaf spindle, cultured on MS medium^^ 
supplemented with 3.0 mg/l 2,4-dichlorophenoxyacetic 
acid (2,4-D), 0.2 mg/l 6-benzylaminopurine (BAP). 
These cultures were maintained in the dark at 26 ± 1°C. 
The calli were separated according to morphological 
appearance and maintained by regular subculture on MS 
medium supplemented with 2.0 mg/l, 2,4-D and 0.2 mg/l 
BAP at every 15 days intervals. 

Four-five-month old calli were used for isolation of 
protoplasts. Two grams of eight-day-old subcultured 
calli were incubated in a 90 mm Petri dish containing 
15 ml of an enzyme mixture of 3% Cellulase ‘Onozuka’ 
RS (Yakult Honsha Co. Ltd., Japan), 1% Macerozyme 
R-IO (Yakult Honsha Co. Ltd., Japan), 0.5% Pectolyase 
Y-23 (Seihin Pharmaceutical Ltd., Japan), 5 mM MBS 
buffer and CPW salts^^ with 13% mannitol. The mixture 
was kept on a gyratory shaker and maintained at a speed 
of 50 rpm for 10 h, followed by 2 h stationary incuba¬ 
tion at 26 ± l°C in the dark. After incubation, the mix¬ 
ture was passed through a set of 64, 45 and 30 pm pore 
size sterile nylon mesh. The relatively uniform isodia- 
metric protoplasts were obtained by sucrose density 
gradient technique^. The purified protoplasts were 
washed thrice in CPW salts with 13% mannitol and col¬ 
lected by pelleting at 1000 rpm. The viability of purified 
protoplasts was 76% when it tested by trypan blue. The 
protoplasts were cultured on agarose bed at a density of 
1 X 10^ protoplasts/ml in KM medium^^ supplemented 
with 0.8 M glucose and 0.15% agarose (Seaplaque, 
LOT, FMC, Rock Land, USA). The culture dishes were 
sealed with parafilm and incubated in the dark at 
26±UC. 

The agarose bed was prepared in KM medium sup¬ 
plemented with 0.4 M glucose and 0.8% agarose. The 
osmoticum of protoplast cultures was reduced at 8 days 
by feeding 0.5 ml of KMA medium (prepared by addi¬ 
tion of amino acids of AA medium^^ and 0.5 M glucose 
in KM medium^^ instead of NH4NO3 and KNO3). This 
was followed by KMA medium with 0.2 M glucose at 
weekly intervals. After 40 days of culture, the proto¬ 
plast-derived calli were transferred on to callus prolif¬ 
eration medium (MS medium supplemented with 
3.0 mg/l 2,4-D, 0.2 mg/l BAP, 30 g/1 sucrose and 0.8% 
agarose) for 15 days, followed by transfer on to modi¬ 
fied MS medium (MS salts with various combinations 
and concentrations of auxins with kinetin (e.g. 0.5 mg/l 
NAA and 3.0 mg/l kinetin, 1.0 mg/l NAA and 3.0 mg/l 
kinetin, 0.5 mg/l lAA and 3.0 mg/l kinetin, 1.0. mg/l lAA 
and 3.0 mg/l kinetin, 30 g/1 sucrose and 0.8% agarose) 
for differentiation of calli. The cultures initially main¬ 
tained in the dark for a week were transferred to a 
16/8 h light/dark regime using an assortment of fluores¬ 
cent light (2500 lux) at 26 ± 1°C. 8-10 cm plantlets dif- 
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Figure 1. a. Primary callus; b, callus type I; c, callus type 11; callus type III; e, callus type IV;/, freshly isolated protoplasts along 
with elongated cells; g, purified protoplasts. Bar scale: a-e, 1 cm;/and g, 15 |im. 


ferentiated from calli were transferred to modified liquid 
MS medium (MS medium supplemented with 0.5 mg/1 
BAP and 0.5 mg/1 kinetin and 30 g/1 sucrose) for shoot 
proliferation. Then these shoots were transferred to 
modified liquid MS medium (MS medium supplemented 
with 5 mg/1 NAA and 7% sucrose) for rooting. The 
plantleis with well-developed roots were transferred to 
pots containing sterilized compost and soil (1:1 v/v) for 
further growth and development. 

MS medium supplemented with 3.0 mg/1 2,4-D and 
0.2 mg/1 BAP was found to be suitable for callus induc¬ 
tion from the innermost leaf spindle of sugarcane. The 
explants formed calli at the cut ends of the leaf spindle 
after 2-3 weeks and primary callus after 4-5 weeks of 
culture. Primary calli (Figure 1 a) consisted of four dis¬ 


tinguishable types of calli. After two passages of subcul¬ 
ture, these calli were more prominent and easily 
identified according to their morphological appearance: 
callus type I (organized, yellowish, nodular/globular 
embryoid containing compact callus, Figure 1 b); callus 
type II (smooth, semi-organized, light yellowish, differ¬ 
entiated callus. Figure 1 c); callus type III (spongy-type, 
soft, whitish, rough-surface callus, Figure 1 d); Callus 
type IV (unorganized, light yellowish, soft, rough- 
surface callus, Figure 1 e). Callus type III and callus 
type IV were unable to regenerate the plantlets. How¬ 
ever, callus type I and callus type II showed high poten¬ 
tial for morphogenesis of sugarcane. Eight-day-old 
subcultured calli were found suitable for isolation of a 
large number of protoplasts. The protoplasts were iso- 
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Figure 2. a, Single cell derived from protoplast: b, dividing protoplast after 7 days of culture; c, four-cell stage; d, microcalli derived 
from protoplast; e and /, macrocalli derived from protoplast; g, differentiated plantlets; A, plantlet with roots and shoots; i, plants in 
liquid medium for hardening. Bar scale; a-c, 15 pm; rf, 20 pm; e and/, 0.1 mm; g, 1 cm; h and 2 cm. 


lated from all these types of calli. The release of round¬ 
shaped protoplasts from primary callus was very low 
(4.2 X 10"^ protoplasts per gram of inoculum). However, 
callus type HI and callus type IV could not release 
round protoplasts. The release of round protoplasts from 
callus type I and callus type II was 4,6x10^ and 
8.0 X 10^ protoplasts per gram fresh weight of callus, 
respectively (average of five independent experiments). 
The freshly isolated protoplasts were small, nearly iso- 
diametric (16-25 jim), densely cytoplasmic, along with 
elongated cells (Figure 1 /). The application of sucrose 
density gradient technique was more effective for sepa¬ 
ration of round-shaped protoplasts (Figure 1 g). 

The cell wall formation was completed after 4 days 
(Figure 2 a) and first cell division was observed after 7 
days (Figure 2 b) of culture. Further division, i.e. four¬ 
cell stage, (Figure 2 c) led to the formation of colonies 
(Figures 2 <i-/) after 15-25 days of culture. The fre¬ 
quency of dividing cells at 15 days was about 1.8% 
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(average of 25 random fields per culture plate). The 
protoplast-derived cell colonies were of two types, viz. 
small, densely cytoplasmic and tightly packed or larger 
vacuoles and loosely packed. Both proliferated rapidly 
and formed compact cell clumps on callus proliferation 
medium. 

The release of polyphenolic compound(s) is cited as a 
major problem for maintaining the sustained divisions of 
protoplast in sugarcane^". A similar problem was also 
reported in oat~° and cotton”^ This problem was effec¬ 
tively sorted by the use of high concentrations of BAP 
during callus induction^\ and 2,4-D^“, Ca^^ (ref. 12) and 
Mg^"^ with arginine^^ during isolation and culture of 
protoplasts. The above modifications, i.e. high concen¬ 
trations of growth regulators created the problem of 
callusing and regeneration of plantlets and high concen¬ 
trations of Ca^"^ in protoplast culture medium inhibited 
the sustained divisions in our experiment. The proto¬ 
plasts cultured in Seaplaque agarose were found more 
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amenable for enhancement of divisions^’ and 
minimized the release of polyphenolic compound(s) 
from cultures. Gradual reduction of osmolarity (about 
one-third with glucose in amino acids-containing KM 
medium) at weekly intervals was effective in resuming 
the divisions and also prevented the synthesis of 
polyphenolic compound(s), by culture. This medium was 
also found suitable for minimizing the formation of 
loosely packed cell colonies. The protoplast-derived 
calli (protocalli) were transferred on to callus prolifera¬ 
tion medium for proliferation and embryoid formation. 
These embryoids were selected and transferred on to MS 
salts with various combinations and concentrations of 
auxins with kinetin for differentiation and plant regen¬ 
eration. MS salts with 0.5 mg/1 NAA, 3.0 mg/l kinetin, 
30 g/1 sucrose and 0.8% agarose produced 30-50 
plantlets per tube (Figure 2 g). Such a number of 
plantlets could not be produced from any other combi¬ 
nation (data not shown), probably, due to inappropriate 
concentrations and combinations of growth regulators. 
These regenerants (Figure 2 / 2 ) were separated after 15 
days, then transferred to modified liquid MS medium for 
proliferation of shoots and roots development 
(Figure 2 /). Although liquid MS/2 medium was also 
tried for root development, the high concentrations of 
NAA and sucrose showed drastic effect on root devel¬ 
opment, the observed survival of plants in ex vitro 
conditions being 80-85%. 
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‘Punarnavine’ profile in the 
regenerated roots of Boerhaavia 
diffusa L. from leaf segments 
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Roots were regenerated from the leaf segments of 
Boerhaavia diffusa L. when cultured in vitro on MS 
(Murashige and Skoog) medium containing sucrose 
and indole-3-acetic acid (lAA). At the end of four 
weeks, about 17 roots, 10 cm long and containing 
0.15% of the alkaloid punarnavine, developed from 
leaf segments of the third leaf (in serial order of de¬ 
velopment from the apex) when the lAA level of the 
medium was 0.5 p,M/l. Increase in lAA levels of 
the culture media not only reduced the number of 
roots regenerated from the leaf segment but also re¬ 
duced their length and alkaloid content. Replacing 
lAA by a-naphthaleneacetic acid caused no mor- 
phogenic response. However, treatment with 2,4- 
dichlorophenoxyacetic acid induced the development, 
from leaf segments, of callus which differentiated 
into roots having no capacity for alkaloid accumula¬ 
tion. Histological observations revealed that the 
roots were initiated from the phloem parenchyma of 
the cultured leaf segments. 

Boerhaavia diffusa L. (family Nyctaginaceae) is a per¬ 
ennial herb commonly known as punarnava. Root ex¬ 
tracts of this plant find applications as antihepatotoxic^ 
and antiviral agents^. It cures corneal ulcers and night 
blindness^. The active principle lies in the alkaloid frac¬ 
tion-known as punarnavine'^ ~ of the root extract. Ex¬ 
perimental work done on screening of the roots from 
garden-grown in vivo plants of Boerhaavia diffusa of 
different ages has shown that maximum alkaloid content 
(2%) was accumulated in the roots of three-year-old 
mature plants^. Due to extensive industrialization in and 
around Baroda, the high alkaloid yielding roots of Boer¬ 
haavia diffusa are scanty. An alternative possibility 
which is gaining importance nowadays, is producing 
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roots in vitro. There are reports about in vitro root re¬ 
generation from excised leaves of the aerial organs of 
Lycopersicon esculentum Mill and Begonia^' 

The present paper describes the possibility of in vitro 
regeneration of roots from excised leaf segments of 
Boerhaavia diffusa L. The alkaloid profile of these re¬ 
generated roots has been examined. 

Healthy leaves, first to fifth from the apex of Boer¬ 
haavia diffusa plants grown in Botanical Gardens of the 
M.S. University of Baroda, were collected. They were 
washed under tap water, surface-disinfected with mer¬ 
curic chloride (0.1%) for 1-2 minutes, washed with 
sterile distilled water and inoculated on to (30 ml) Mu- 
rashige and Skoog’s (MS)^ medium containing sucrose 
(BM) supplemented with one of the auxins such as in¬ 
dole-3-acetic acid (lAA), a-naphthaleneacetic acid 
(NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) at 
various levels (0.5-4.0 |um/l). BM was used as the con¬ 
trol. The pH of the test media was adjusted to 5.7 before 
gelling with agar (0.8%). Culture flasks, six replicates 
per treatment, were incubated in culture room at 
25 ± 2°C with 16 h photoperiod (1000 lux). 

For histological studies paraffin blocks were prepared 
from leaf pieces with root primordia, which were fixed 


in FAA (40% formalin; glacial acetic acid: 50% alcohol 
in 5:5:90 ratio) and dehydrated in alcohol-xylene se¬ 
ries^. Sections of 10 |im were cut using a rotary mi¬ 
crotome and were stained with toluidine blue. Mounting 
was done in Canada balsam. Photomicrographs were 
taken with Carl-Zeiss microscope with automatic pho¬ 
tographic equipment. The presence of alkaloid in the 
root squashes was detected by Dragandroff’s reagent 
and its quantification was done according to the method 
described by Huber^°. The total alkaloid content was 
estimated by titrating the extract of oven-dried powder 
(0.2 g) in glacialacetic acid mixed with acetic anhydride, 
using crystal violet as an indicator against 0.1 N acetus 
perchloric acid (prepared by mixing 8.5 ml of perchloric 
acid with 500 ml of glacialacetic acid and 21 ml of ace¬ 
tic anhydride. The final volume was made to 1000 ml 
by adding glacialacetic acid). The total content of 
the alkaloid punarnavine was expressed on dry-weight 
basis. 

Excised leaf segments, from first to fifth leaf in their 
serial order of development, cultured on BM (control) 
turned brown within four weeks of incubation. This in¬ 
dicated that exogenous supply of a growth regulator was 
necessary for root regeneration from leaves. 


Table 1. Regeneration of roots from the third-leaf segments of Boerhaavia diffusa L. and their 
punarnavine content recorded after 4 weeks of culture period 



Level of 
auxin 
(^im/l) 

Number of 
regenerated 
roots 

Length of 
root in cm 

Response 

(%) 

Alkaloid 

content on 
dry-wt basis (%) 


00 

_ ^ 

_ 

_ 

_ 

lAA 


0.5 

17 

10± 1 

80 

0.15 


• 1.0 

9 

5± 1.5 

80 

0.05 


2.0 

7 

3.5 ±0.5 

90 

0.02 


4.0 

4 

1.5 ±0.2 

80 


NAA 


0.5 

- 

- 

- 

_ 


1.0 

- 

- 

_ 

_ 


2.0 

- 

- 

- 

_ 


. 4.0 

_ 

- 

_ 

_ 

2,4-D 


0.5 

Callus + 

roots 

- 

- 

- 


1.0 

Callus + 
roots 

- 

- 

- 


2.0 

- 

- 


_ 


4.0 

- 

- 

- 

- 


Results of six replicates. 
-No response. 


Figure la-g. a. Roots (R) regenerated from third-leaf segments on BM + 0.5 um/1 of lAA, after one week of culture 
period; b. Profuse rhizogenesis on BM + 0.5 p,m/l of lAA, after four weeks of culture period; c. Pattern of rhizogenesis on 
BM + 1.0 p.m/1 of lAA, after four weeks of culture period; d. Short roots regenerated on BM + 2.0 |im/l of lAA, after four 
weeks of culture period; e. Callus (C) with short roots on BM + 4.0 jim/l of lAA, after four weeks of culture period; f 
Profuse growth of callus (C) with roots from excised leaf in response to 2,4-D (0.5 pm/l, after four weeks of culture 
period); g. Section of cultured leaf segment showing root initiation (R) from phloem parenchyma (ph) (160 x) EP - upper 
epidermis, P -palisade, VB - vascular bundle. 
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Segments of the third and fourth leaves cultured on 
BM + lAA (0.5 jim/l) medium regenerated roots within 
one week of the culture period (Figure 1 a). The highest 
number of roots, up to 17, were produced from the seg¬ 
ments of third leaf at the end of four weeks of the ex¬ 
perimental period (Figure 16). The results recorded in 
Table 1 show that these roots reached a length of 10 cm 
and accumulated a maximum of 0.15% alkaloid (dry- 
weight basis) at the end of four weeks. Further increase 
in the lAA levels to 1 and 2 |um/l of the culture medium 
not only reduced the number of roots to 9 and 7 but also 
reduced their length to 5 and 3.5 cm, respectively 
(Figures 1 c, d). This was associated with a sharp decline 
in the quantity of alkaloid accumulated in the roots from 
0.15% to 0.05% and 0.02%, respectively. Callus along 
with few short roots was regenerated when the level of 
lAA in the culture medium was 4 |im/l (Figure 1 e), with 
a further decline in alkaloid production. Thus, the 
quantity of lAA present in the culture media showed 
pronounced effect on the morphology of regenerated 
roots and on their biosynthetic potential for alkaloid 
profile. It appeared that in Boerhaavia diffusa, regen¬ 
eration of roots from leaf segments cultured in vitro was 
an autonomous process, as observed in Haplopappus 
revnil^^. In Nicotiana tobacum cv. Xanthi nc from the 
fourth leaf, in vitro rhizogenesis was. observed with the 
application of IBA^^. 

Leaf segments cultured on BM + NAA (0.5-4.0 p.m/1) 
failed to regenerate roots (Table 1). However, in the 
presence of 2,4-D (0.5 and 1 |um/l) in the medium, white 
callus was produced within one week of culture period, 
which regenerated roots at the end of four weeks 
(Figure 1 /). These roots contained traces of alkaloid. 
These results suggest that the quality and quantity of 
auxins supplemented to the cultures of leaf explants af¬ 
fected the type of regeneration as well as secondary 
metabolite production, as has been reported in several 
other organ cultures 


Histological observations confirmed that roots were 
initiated from the phloem parenchyma of the veins of 
leaf segments (Figure 1 g). Similar results have been 
noticed in Lycopersicon esculentum Mill^. 

The present study clearly demonstrates that leaf ex¬ 
plant of Boerhaavia diffusa L. possessed root regenera¬ 
tion capacity which was triggered by the application of 
lAA. The alkaloid punarnavine profile in the regener¬ 
ated roots was directly affected by the lAA level in the 
culture medium. 
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Annual Revie^v of Plant Physiology 
and Plant Molecular Biology, 1994. R. 

Jones, C. Somerville and V. Walbot. 
Annual Reviews Inc., 4139 El Camino 
Way, Palo Alto, California'" 10139, 
USA. Vol. 45. Price: $52 (approx. Rs. 
1560). 


On the face of it, there seems to be little 
purpose in writing a review of a review! 
Especially since ‘The Annual Reviews 
Inc.’ is almost an institution in itself. 
For the forty odd years of its existence 
it has offered in-depth reviews written 
by people actively working in the area 
and has covered reviews on topics that 
are in the mainstream as well as those 
that are more obscure but equally inter¬ 
esting. The volume for 1994 is no ex¬ 
ception. It comprises twenty-seven 
reviews clubbed under five different 
areas (Genetics and Molecular Biology; 
Tissue, Organ and Whole Plant Events; 
Biochemistry and Biosynthesis; Cell 
Differentiation; Acclimatization and 
Adaptation). 

There are four reviews which address 
different aspects of hormone biology. 
Of these, two deal with the genetic and 
molecular approaches that are being 
used to understand the role of cytoki- 
nins (by Binns) and abscisic acid (ABA) 
(by Chandler and Robertson). Despite 
ABA being christened the ‘stress hor¬ 
mone’, there have been few clearly 
defined stress-tolerance-related bio¬ 
chemical functions assigned to any of 
the genes whose expression is regulated 
by ABA. Likewise, the relationship 
between cytokinins and stress biology 
needs further study. In both the fields 
there seems to be a concerted bid to 
make use of mutants and innovative 
screens to arrive at questions related to 
regulation and biosynthesis. Both the 
fields seem poised to make break¬ 
throughs in the near future, although it 
may take a lot longer to understand the 
complex interactions that occur at the 
whole-plant level. Shibaoka’s review 
categorizes the role of different hor¬ 
mones on the orientation of microtu¬ 
bules in plant cells. 

Plant mitochondria seem to have 
come of age, with three reviews discuss¬ 
ing some aspect of their biology. Of 
course, the one on the organization of 
the mitochondrial genome (by Schuster 
and Brennicke) was the most compel¬ 
ling because the first plant mitochon¬ 
drial genome (albeit from the liverwort 


M polymorpha, which apparently has a 
somewhat unusual organization) has just 
been sequenced. This has revealed sev¬ 
eral surprises, including the identifica¬ 
tion of thirty additional open reading 
frames and a completely new set of mi¬ 
tochondrial genes that are probably in¬ 
volved in cytochrome biogenesis. There 
is little doubt that this triumph of se¬ 
quencing will now pave the way for a 
deeper understanding of mitochondrial 
gene regulation and function. Compara¬ 
tively speaking, the review on protein 
import into mitochondria (by Moore et 
ai) and another on glycine decarboxy¬ 
lase (by Oliver) have less new informa¬ 
tion to offer. 

We found the review by Aeschbacher, 
Schiefelbein and Benfey on the genetic 
basis of root development particularly 
exciting. The isolation and preliminary 
characterization of a number of mutants 
defective in root development has set 
the stage for a thorough understanding 
of organ formation, a hitherto little un¬ 
derstood process. The Arabidopsis root 
follows a relatively simple and predict¬ 
able developmental pattern, making it a 
very attractive system to dissect at a 
molecular level. Another review that 
caught our attention was on the molecu¬ 
lar biology of carotenoids biosynthesis 
(by Bartley et ai). Although the struc¬ 
tures of carotenoids have been known 
for a long time, it is only recently that 
the genes for the biosynthetic pathway 
have been identified. Considering the 
vital role of carotenoids in photoprotec¬ 
tion, it is very likely that the next step 
will be in the direction of understanding 
the regulatory aspects of carotenoid 
biosynthesis. 

The reviews on the molecular aspects 
of alkaloid biosynthesis (by Hashimoto 
and Yamada) and on taxol (by Heinstein 
and Chang) make fascinating reading. 
They highlight the enormous biochemi¬ 
cal information already available on a 
bewildering variety of alkaloids and on 
the current interest in, as well as the 
scope of, biotechnological applications. 
Considering our enormous indigenous 
knowledge base about the uses of local 
medicinal plants, these reviews could be 
of great value both to the general reader 
and to researchers in the field. 

This volume, like previous ones, 
contains a few lead articles on photo¬ 
synthesis. Carbonic anhydrase (CA) has 
varied roles in photosynthesis, including 
its possible involvement in PSII- 
mediated O 2 evolution. The multiple 
isoenzymes located in chloroplasts, 


cytosol and in the periplasmic space of 
microalgal cells suggests diverse ways 
in which it functions to support efficient 
CO 2 fixation by Rubisco. The relative 
abundance of CA and Rubisco (the 
CA/Rubisco ratio) seems to be a key 
feature for optimal photosynthesis and 
N 2 use efficiency and thus the coordi¬ 
nation of these two enzymes is impor¬ 
tant for the regulation of CO 2 fixation. 
This review on CA will definitely be 
useful in teaching of graduate courses in 
plant physiology. A similar type of re¬ 
view by Huppe and Turpin discusses in 
detail the integration of carbon (C) and 
nitrogen (N) metabolism in plants and 
algal cells. Carbon requirement for N 
assimilation and the regulation of C 
flow through key TCA cycle enzymes 
have been adequately discussed. Assimi¬ 
lation in roots seems to be emerging as 
an area for future research in plant 
physiology. 

During the past decade, there has 
been an extensive study of photoinhibi¬ 
tion, i.e. how excess light inhibits pho¬ 
tosynthesis and photooxidatively 
damages the photosynthetic apparatus. 
The role of photoinhibition of photosyn¬ 
thesis under natural conditions is the 
most current topic of research and has 
been discussed by Long, Humphries and 
Falkowski. The damage and recovery of 
photosystem II reaction centre D1 pro¬ 
tein is considered a central phenomenon 
in photoinhibition, but, in nature, the 
role of xanthophyll cycle in protect¬ 
ing/avoiding photodamage may be cru¬ 
cial. It is becoming somewhat clear that 
photoinhibition is not only a damaging 
process but possibly also a strategy for 
survival under stress conditions. Photo¬ 
inhibition studies during germination 
(seedling establishment) are likely to 
emerge as an important aspect for future 
investigation, as also the role of light 
stress in crop canopies and phytoplank¬ 
ton communities. The review on inhibi¬ 
tors of photosynthetic enzymes focuses 
on enzyme inhibition of assimilate ex¬ 
port sucrose and starch biosynthesis and 
N 2 assimilation besides the inhibition of 
C2, C3, C4 cycles. This chapter will 
provide new material for courses offered 
in plant and crop physiology and plant 
biochemistry. Photoacoustic spectros¬ 
copy, PAS for short, is a relatively 
newer technique that has revolutionized 
photosynthesis research. It provides 
methods to monitor energy storage by 
photothermal methods and makes pho- 
tobaric measurements of O 2 evolution in 
intact leaves, fronds and thalli. In con- 
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junction with pulse-amplitude- 
modulated (PAM) Chia fluorescence, 
PAS will enable the investigators to 
make detailed and quantitative analysis 
of photochemistry in vivo as well as 
probe energy storage, energy transfer 
and adaptive state changes in vivo. Al¬ 
though the current chapter on PAS by 
Malkin and Canaani (who introduced 
this technique of ‘listening’ to photo¬ 
synthesis) is a bit difficult because of 
the technical details for uninitiated 
readers, it contains useful details 
on how to use PAS in physiological 
studies. 

The story of blue-light-mediated 
photomorphogenesis is fast becoming as 
interesting as phytochrome-regulated 
physiological processes. The transduc¬ 
tion of blue light signals in higher 
plants and blue-light-mediated gene 
expression add significantly to our 
knowledge of signal transduction proc¬ 
esses in plants. The correlation between 
blue-light-induced phosphorylation of 
plasma membrane protein, light- 
mediated activation of GTPase, changes 
in gene expression and involvement of 
nonmitochondrial b-type cytochromes 
tend to support the assumption that 
there are several different processes and 
independent pathways of regulation for 
common physiological processes. Signal 
transduction in plants is going to domi¬ 
nate the photobiological investigations 
in plants. 

In short, the 1994 volume covers a 
wide spectrum of emerging research 
themes in plant biology. Its high cost 
puts it out of the reach of individual 
scientists in India but it should be an 
important addition for a teaching or 
research library. How wonderful it 
would be if a more affordable edition of 
the various Annual Reviews is made 
available for scientists in the less privi¬ 
leged parts of"the world! 


Devaki Bhaya 
Prasanna Mohanty 

School of Life Sciences 
Jaw Lihurliil (\clirii Umwrsiiy 
Kew' Delhi 110 06'^, India 


Patterning of Material Layers in 
Submicron Lithography. U. S. Tandon 
and W. S. Khokle. Wiley Eastern Ltd., 
4835/24, Ansari Road, DaryaganJ, New 
Delhi 110 002. 1993. 183 pp. (including 
plates). Price: Rs 450. 


Constant and continued search towards 
sophistication - required for high- 
performance devices like multimegabit 
memories, for low power consumption 
in high-frequency applications, and for 
utilization of the smallest real estate of 
the material - have all evoked a keen 
interest among technologists the world 
over to search for new avenues and 
methods for micrometer and nanometer 
geometry patterning. The technology 
has gone through sea changes in this 
direction during the last decade. Pho¬ 
tolithography and electron beam lithog¬ 
raphy, though in use for a few decades, 
have been improved upon to achieve the 
industrial targets in the speed of writing 
patterns, the patterning areas and 
smaller features. Ion beam and X-ray 
lithography are somewhat more complex 
techniques but, due to breakthroughs in 
masking materials, mask fabrication and 
development techniques, are becoming 
more powerful tools. Due to the fact 
that they open up avenues for more 
application areas in the development of 
newer devices, they have of late been 
finding more thrust in R&D efforts. 
Many conferences have recently been 
held in this field. The submicron pat¬ 
terning of material layers forms the 
subject matter of this excellent and 
handy monograph and covers various 
facets of the techniques. The book is 
w^ell-planned into five chapters for 
submicron patterning. 

The first chapter discusses the factors 
evoking the technology push in pattern¬ 
ing layers, the highlights of achieve¬ 
ments in devices’ performance in the 
industrial and biological fields and in 
basic research. It also discusses the 
various fundamental issues of impor¬ 
tance in the realization of new devices, 
which are only with the use of submi¬ 
cron patterning. 

The second chapter discusses the ba¬ 
sics of electron beam lithography, which 
include the description of e-beam sys¬ 
tems, their operation, the highlights of 
the fesists used for this technology, the 
problems associated with high voltage 
e-beam lithography and their solutions, 
and a comparison of the available sys¬ 
tems and their applications. 


The third chapter provides reasonably 
good details on the various facets of ion 
beam lithography, various ion beam 
resists and their sensitivities, and expo¬ 
sure technologies. Also presented are 
some details of the most important 
technique of focussed ion beam (IB) 
lithography, including masked IB, mul¬ 
tiple IB projection lithography, their 
problems and limitations and their ap¬ 
plications with illustrations. The finer 
details of the newer resists, both organic 
and inorganic, have also been discussed. 
Also discussed are the various types of 
ion sources, their merits and demerits. 
The increase in the temperature of the 
mask due to the energetic ion beam and 
its application in direct write on wafer 
has also been dealt with in detail. A 
detailed comparison of the various ma¬ 
chines presently available in the market, 
presented in this chapter, can be of help 
in choosing the appropriate system. 

The fourth chapter describes the X- 
ray lithography system. X-ray masks 
and materials, their fabrication methods, 
resists types with their sensitivities and 
resolution, various alignment schemes 
and recent applications with illustra¬ 
tions. X-ray lithography is a new field 
and is of great importance in submicron 
patterning. The various sources of X- 
rays which seem suitable for lithogra¬ 
phy, various types of masks, with their 
merits and demerits and X-ray resists 
have been discussed. The alignment 
technique is quite intricate with this 
lithography and has been discussed 
well. The various available X-ray li¬ 
thography systems have been described 
and the chapter concludes with applica¬ 
tions and photographs of the generated 
patterns. The technology is so far lim¬ 
ited in use but is a challenge in pattern¬ 
ing for full commercial exploitation. 

The fifth chapter as a conclusion 
delves into the present-day scenario in 
the area of micro and nanolithography, 
the trends results and projections for the 
near future. 

The advancement in resist technology 
and excimer laser also pushed the opti¬ 
cal photolithography limits to submi¬ 
cron range, which has been discussed in 
the first chapter as a passing remark. A 
chapter in this field would have given a 
completeness to the book. 

The book is a monograph on the sub¬ 
ject of submicron patterning, excludes 
the photolithography which also has its 
own standing in sub -5 micron region. 
Overall, this is an excellent document 
for all scientists/engineers working in 
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the field and those to be initiated into it. 
The authors have done a tremendous task 
in achieving the objectives of the book. 

The book has many illustrations 
which have been taken from various 
references. Their proper source should 
have been indicated in all the photo¬ 
graphs. 

ISHWAR Chandra 

Solid State Physics Laboratory 
Lucknow Road 
Delhi J JO 054, India 


Recent Developments in Biofouling 
Control. Mary-Frances Thompson, R. 
Nagabhushanam, R. Sarojini and M. 
Fingerman, eds. Oxford & IBFI Publish¬ 
ing Co., 66, Janpath, New Delhi 
110 001. 1994. 443 pp. 


This volume consists of papers contrib¬ 
uted by various authors in the Indo-US 
meeting on Recent Developments in 
Biofouiing Control held in Bangalore 
during July 1992. Five topics dealing 
with microfouling, macrofouling, non¬ 
toxic antifouling agents and new inhibi¬ 
tors, performance of low-energy and 
controlled release of antifouling coat¬ 
ings and antifouling agents, coatings, 
treatments and testing are dealt with 
through 45 technical papers. 

Deterioration and failure of metals 
and materials brought about by micro¬ 
organisms have only been recognized 
since about two decades and increased 
awareness towards this problem has 


become evident only in the recent years. 
This publication is thus timely and will 
help in bringing into focus the role of 
microorganisms in the corrosion, dete¬ 
rioration and fouling of a number of 
structural materials used in modern 
technology. 

Biofouling, especially in sea waters, 
is a topic of universal interest and com¬ 
paratively very little is known about the 
microbiology and mechanisms involved 
in it. For a country like India, this 
problem has assumed gigantic propor¬ 
tions in our modern technological inno¬ 
vations. Typical cases in point are 
coastal-based nuclear power reactors, 
on-shore and off-shore oil drilling, civil 
and naval sea-going vessels as well as 
many marine structures. Proceedings of 
this Indo-US meeting deal with current 
research efforts in understanding and 
minimising biofouling. 

Majority of the papers deal with bio¬ 
fouling in marine waters. The Indian 
coastal waters studied include the east 
coast waters around Kalpakkam, Ma¬ 
dras, and Vizagapatnam and the west 
coast waters around Cochin, Goa and 
Bombay. Scientists from USA have 
portrayed studies carried out in marine 
water off Pearl Harbour (Hawaii) and 
the Gulf of Mexico. Biology of organ¬ 
isms such as diatoms, barnacles, aerobic 
and anaerobic bacteria, serpulid worms 
and crustaceans has been discussed with 
respect to endocrine systems, chemo- 
sensory system, metamorphosis and 
other related physiological activities. 
Very few papers relate to freshwater 
macroorganisms. The above studies, 
how'ever, have relevance to development 
of control technologies from biofouiing 
point of view. 


Little emphasis has been placed on 
mechanisms involved in biofouiing 
processes with reference to materials 
and process circuits. A couple of pres¬ 
entations relate to slime formation and 
biofilm development and their evalua¬ 
tion. 

Biofouiing control has been brought 
out in detail. The uses of toxic and 
nontoxic antifouling compounds are 
discussed. Other control strategies enu¬ 
merated include the use of neurophar- 
macological agents, natural antifoulants 
and their analogues, bacteriostatic com¬ 
pounds extracted from marine animals 
and plants, use of fouling-resistant 
paints and coatings as well as chemical 
methods, including chlorination, copper 
treatment and heat treatment. Develop¬ 
ment of environmentally benign anti¬ 
fouling agents holds the key to combat 
the menace of biofouiing and, in this 
regard, the information provided 
through research work will have signifi¬ 
cant practical value. 

Though this publication fails to bring 
out a comprehensive survey of all bio¬ 
logical, chemical and engineering as¬ 
pects concerning biofouiing, the attempt 
in itself provides very useful data for 
scientists working in this vast interdis¬ 
ciplinary field. In this regard, this con¬ 
ference proceedings is definitely a 
valuable addition. Further, the subject 
matter covered is quite new, pertaining 
to a frontier area of applied science. 

K. A. Natarajan 


Department of Metallurgy 
Indian Institute of Science 
Bangalore 560 012, India 


Edited and published by Prof. S. Ramaseshan and Prof. P. Balaram, Current Science Association, Bangalore 560 080. 
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Indian Institute of Tropical Meteorology, Pune 411 008 

(An autonomous research organization under the Department of 
Science & Technology, New Delhi) 

The Indian Institute of Tropical Meteorology is a leading research centre in Tropical Meteorology. The 
Institute has excellent laboratory and computing facilities for undertaking observational and theoretical 
research. 


Applications are invited for recruitment to the following posts; 


Sr. 

no. 

Post 


Pay scale 

Age limit 

No. of 
posts 

Reservation 

1. 

Deputy Director 

Rs 

4500-150-5700 

48 years 
or below 

One 

Unreserved 

2. 

Assistant Director 

Rs 

3700-125-4700-150-5000 

45 years 
or below 

One 

Unreserved 

3. 

Senior Scientific 
Officer Gr. 1 

Rs 

3000-100-3500-125-4500 

40 years 
or below 

Six 

Unreserved 

4. 

Senior Scientific 
Officer Gr. II 

Rs 

2200-75-2800-EB-100-4000 

35 years 
or below 

One 

Schedule 

Caste 

5. 

Junior Technical 
Assistant 

■Rs 

1320-30-1560-EB-40-2040 

Minimum 
20 years 
Maximum 
25 years 

One 

Scheduled 

Caste 


The posts carry other allowances admissible to Central Government employees stationed at Pune. 

The upper age limit is reiaxable by 5 years for candidates belonging to Scheduled Caste/Scheduled 

Tribe and as per rules for Ex-servicemen and physically handicapped persons. No age limit for the 

employees of Indian Institute of Tropical Meteorology and for government servants. 

QUALIFICATIONS 

DEPUTY DIRECTOR (Environmental Physics) 

Essential: (i) A good Master’s degree, preferably a Doctorate in Meteorology, Physics, Mathematics, 
Statistics, Applied Physics, Applied Mathematics, or Geophysics, with good scientific 
standing and high capacity for guiding and co-ordinating research in Meteorology and 
Atmospheric Sciences. 

(ii) About 8 years of research experience in Meteorology or allied subjects (as evidenced 
by published papers). 

ASISTANTDIRECTOR (Atmospheric Boundary Layer) 

Essential: (i) A good Master's degree, preferably a Doctorate in Meteorology, Physics, Mathematics, 
Applied Mathematics, Statistics, Applied Physics, or Geophysics. 

(ii) About 6 years of research experience in Meteorology or allied subjects related to work 
of projects/division (as evidenced by published papers). 
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SENIOR SCIENTIFIC OFFICER GRADE I (1. Climate Variability; 2. Global Circulation Diagnostics' 

3. Numerical Weather Prediction; 4. Palaeoclimatology’ 
5. Middle Atmospheric Dynamics; 6. Scientific Computing) ’ 

Essential. (i) A good Master’s degree, preferably a Doctorate in Meteorology, Physics Mathematics 
Applied Mathematics, Statistics, Applied Physics, or Geophysics. 

(ii) About 5 years of research experience in Meteorology or allied subjects related to work 
of projects/division (as evidenced by published papers). 


SENIOR SCIENTIFIC OFFICER GRADE II (Atmospheric Electricity) 

Essential: (i) A good Master's degree or equivalent in Meteorology, Physics, Mathematics, Applied 
Mathematics, Statistics, Applied Physics, Geophysics or Electronics or BE/B Tech/ 
M Tech (Electronics/Electrical Engineering) degree. 

(ii) About 3 years of research experience (as evidenced by published papers). 

The desirable qualifications for the above-mentioned posts are: several years of research experience in 
the area mentioned against the post. Details available in Information Sheet. 


JUNIOR TECHNICAL ASSISTANT (Library) 

Essential: (i) A degree in Science with 3 years of experience in a scientific library or degree/diploma 
in library science. 

Desirable: Knowledge of Information Services with experience in typewriting and use of personal 

computers. 


The Institute reserves the right to call for interview only those candidates who in its opinion are suitable 
and will not entertain any correspondence in respect of their applications. 

Prescribed application forms and Information Sheet may be obtained either by post or in person on 
request from Director, Indian Institute of Tropical Meteorology, Dr. Homi Bhabha Road, Pashan, Pune 
411 008, by specifying the name of the post and sending a self-addressed envelope (23 cm x 12 cm) 
with Rs 2 postal stamps affixed. 

Completed applications should reach the Director, Indian Institute of Tropical Meteorology, Dr. Homi 
Bhabha Road, Pashan, Pune 411 008, by 20th April 1995. 

Candidates employed in Government/Semi-Government organizations/Public Sector Undertakings 
should apply through proper channel. 


ADVERTSEMENT NO. EST. 2/95. 
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INSTITUTE OF PHYSICS 

(an autonomous research Institute under the Department of Atomic 

Energy, Government of India) 

P.O.: Sainik School, Bhubaneswar 751 005, Orissa 


DOCTORAL RESEARCH PROGRAMME IN PHYSICS 


Applications are invited for the one-year Predoctoral (post-M Sc) Course in advanced 
physics sponsored by the Institute of Physics, which is to commence from 1 August 1995. 
On successful completion, the candidate is awarded the Diploma in Advanced Physics 
by the Institute, which has been recognized by Utkal University as equivalent to its M Phil 
degree. The prime objective of this programme is to train scholars in the methodology of 
theoretical and experimental research in physics. Selection for the academic year 1995-96 
will be made on the basis of the candidates’ academic record up to M Sc and their 
performance in written and oral tests to be held in Bhubaneswar in the last week of June 
1995. The basic requirements for admission are exceptional talent and motivation for 
research. Candidates who are keen to pursue a research career and who have an 
outstanding academic record need only apply. Candidates should have completed Master’s 
Degree in Physics before joining this programme (students who have appeared for the final 
M Sc examinatiop may also apply). The selected candidates will receive a fixed fellowship 
of Rs 2500/- per month. Scholars who successfully complete the Predoctoral Course will be 
considered for enrolment as Doctoral Research Scholars under faculty members of the 
Institute, leading to Ph D in Physics to be awarded by Utkal University and they will be paid 
monthly fellowship ranging from Rs 2500/- to Rs 2800/-, which is renewable annually up to 
5 years subject to satisfactory performance, with annual book grant, hostel facility or house 
rent allowance, medical facility, etc. 


The prescribed application form and prospectus containing more details about fields of 
study, etc., can be obtained from the Administrative Officer, Institute of Physics, 
Sachivalaya Marg, Bhubaneswar 751 005. Completed forms should reach the AO by 15 
May 1995. Candidates called for interview will be paid single round trip second-class train 
fare through the shortest route. 


DIRECTOR 
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Indian Association for the Cultivation of Science 
Jadavapur, Calcutta 700 032 

Dr Mahendra Lai Sircar Award 

The Indian Association for the Cultivation of Science (I.A.C.S.) instituted in 1984 the Mahendra Lai 
Sircar Award on the occasion of the celebration of the 150th birthday of Dr Mahendra Lai Sircar, the 
Founder Secretary of the Association. 

Nomination for the award as per ‘B’ below for the years 1994 and 1995 is hereby invited. 

A. The Award 

I. The name of the award shall be the Mahendra Lai Sircar Award. 

II. The award shall be given each year to a deserving scientist who should be up to 60 years of age 
on 31 December of the year of award and a citizen of India. 

III. The award shall be given in chemistry for 1994 and in physics for 1995. 

IV. The award shall consist of Rs 15,000/- and a citation. 

B. Nomination for the Award 

The following categories of persons shall be eligible to nominate candidates for the award: 

I. Presidents of scientific societies of all-India character; 

II. Vice Chancellors of the universities; 

III. Directors of Indian Institutes of Technology; 

IV. Director General of CSIR; 

V. The Secretary, Department of Science & Technology; 

VI. The Director, BARC; 

VII. The Directors of CSIR Laboratories, Saha Institute of Nuclear Physics, Bose Institute, Physical 
Research Laboratory, Tata Institute of Fundamental Research, Indian Institute of Science, 
Indian Statistical Institute, Institute of Plasma Physics, Indian Space Research Organization, 
Department of Atomic Energy, institute of Physics, Defence Research Laboratories and S. N. 
Bose National Centre for Basic Sciences. 
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Each nomination as per proforma given below, indicating the year of nomination, should be 
accompanied by a biographical sketch, list of publications and highlights of the research work carried 
out by the candidate and reprints of important publications. The nomination may be sent along with 
ten copies of the statements of work of each nominee to the Director, I.A.C.S., Calcutta 700 032, by 
15 May 1995. 


Proforma for Nomination 

(10 copied must be forwarded) 

1. Name of the nominee: 

2. Date of birth: 

3. Present position and official address: 

4. Positions held earlier: 

(chronological order) 

5. Discipline under which to be considered, physics/chemistry: 

6. Academic qualifications: 

7. Significant research contribution by the nominee during the last ten years preceding the year of 
the award: 

8. Whether the contribution has already been recognized by awards: 

9. List of publications during the last ten years and reprints of outstanding work: 

10. Books published, if any: 

11. Patents taken, if any: 

12. Any additional information of relevance: 

13. Year of consideration: 


Sponsor’s Signature 


Sponsor’s name and designation 


Place: 
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1998 International 
Ornithological Congress XXII 

The XXII International Ornithological Congress will be held in Durban, South 
Africa, from 16 to 22 August 1998. The following Officers were elected: Honorary 
President, Tso-Hsin Cheng; President, Professor Peter Berthold; Vice President, 
Dr Janet Kear; Secretary, Professor Walter J. Bock, Dr Aldo Berruti, Department 
of Ornithology, Durban Natural Science Museum, Durban, South Africa, was 
appointed the Secretary General for this congress. 

The Scientific Programme Committee for the XXII Ornithological Congress 
has been appointed under the Chairmanship of Dr Lukas Jenni, Swiss 
Ornithological Institute, CH-6204 Sempach, Switzerland (Fax number +41- 
41-99 40 07; from 4 November 1995 + 41-41-462 97 10) and includes the following 
members: C. J. Bibby, UK; C. J. Brown, Namibia; A. Chandola-Saklani, India; 
T. M. Crowe, South Africa; D. G. Homberger, USA; A. P. Moller, Denmark; 
A. J. van Noordwijk, The Netherlands; Y. Ntiamoa-Baidu, Ghana; V. A. Payevsky, 
Russia; F. Spina, Italy; L. G. Underhill, South Africa; J. C. Wingfield, USA, in 
addition to the President, the Secretary General and the Secretary. The Scientific 
Programme Committee will meet in Durban in early October 1995 to plan the 
scientific programme for the XXII Congress including plenary speakers, symposia 
and their conveners. If you have any ideas and suggestions for the programme, 
please send thepi to Lukas Jenni as soon as possible. If you would like to 
propose a symposium, please provide the following information to Lukas Jenni 
as soon as possible, but not later than 31 August 1995; title of the symposium, 
two conveners (you can propose yourself), a short statement (less than one 
page) outlining the overall subject to be covered by the symposium, a list of 
possible speakers with titles or topics for each talk (5 talks per symposium). 
Symposia are intended for the general ornithologist rather than the specialist. 
Therefore, speakers should give review papers on recent developments in the 
field integrating ideas and findings, rather than talks on a single specialized 
study. Conveners should try to obtain an international representation of speakers 
and a broad coverage of the subject of international relevance. Proposals for 
symposia for the last congresses greatly outnumbered the number of slots 
available in the timetable and it is important that the proposals are clearly 
presented to the committee. If a person agrees to convene a symposium or to 
give a talk at a symposium, he/she is committed to attend the Congress. A 
person can contribute as a first author to only one symposium talk. Round 
Table Discussions are for discussion between specialists and are not to be used 
for a formal series of presented talks. Applications for Round Table Discussions 
will be requested later in the general congress brochure. Questions about the 
scientific programme may be directed to the officers mentioned above or to 
any member of the Scientific Programme Committee. 
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Cellular redox chemistry 

The chemistry of the twenty 
genetically coded amino acid 
residues determines the structural 
and functional properties of 
proteins. Cysteine is unique in 
possessing a highly reactive, 
nucleophilic thiol group in its 
sidechain. The redox charac¬ 
teristics of cysteine, which can 
oxidize to form disulphide 
bridges, are a key determining 
factor in regulating biological 
processes. Since thiol oxidation 
is finely controlled by the proper¬ 
ties of the milieu in which the 
protein is located, biological sys¬ 
tems have developed exquisite 
control over redox processes. 
Inside cells, the environment is 
largely reducing, most often main¬ 
tained by the endogenous peptide 
glutathione, resulting in the 
absence of disulphide bonds in 
intracellular proteins. In recent 
years, other cellular redox buffer 
systems have been discovered, 
notably the thioredoxins and 
glutaredoxins. Considerable cur¬ 
rent research focuses on the 
importance of thiol/disulphide 
exchange reactions in protein fold¬ 
ing, following the discovery of 
the protein disulphide isomerases. 
This fact of thiol reactivity and 
related issues are considered by 
A. Chaudhuri in his review (page 
692). Clearly the last word is yet 
to be said on the rich and fas¬ 
cinating chemistry of thiol groups 
in proteins. 

P. B. 

Shooting at enzyme targets 

Therapeutically useful drugs can 
act at diverse target sites in com¬ 
plex organisms. A central issue 


in rational approaches to drug dis¬ 
covery is the identification of key 
biochemical targets which can be 
attacked by suitably designed 
small molecules. Among the best 
characterized targets are enzymes, 
which are often crucial for the 
survival and development of 
pathogens. A quarter of a century 
ago the first ‘mechanism-based’ 
inhibitors were introduced by 
Konrad Bloch and his associates. 
In this approach, the enzyme is 
tricked into acting upon a pseudo¬ 
substrate resulting in a covalent 
intermediate, which is then inca¬ 
pable of proceeding further down 
the reaction path. This molecular 
kamikaze act requires a well- 
designed inhibitor, whose synthetic 
construction relies heavily on a 
clear understanding of mechanis¬ 
tic niceties. The oft-cited success 
stories in this area are the 
development of a,a-difluorome- 
thylornithine as an inhibitor of 
ornithine dectirboxylase, in the 
treatment of trypanosomiasis or 
African sleeping sickness, and 5- 
fluoro-deoxyuridine-monophosphate 
as an inhibitor of thymidylate syn¬ 
thase in cancer chemotherapy. The 
design of ‘biochemical Trojan 
horses’ affords a fertile meeting 
ground for chemistry and biology 
as reviewed by Nangia and 
Chandrakala on page 699. Unfor¬ 
tunately drug discovery and 
development do not necessarily 
follow from biochemical elegance. 
Enzyme targets in host and patho¬ 
gen are often so similar that selec¬ 
tive inhibition is not easily 
achieved. Toxicity considerations 
then determine the course of fur¬ 
ther development. 

P. B. 


Human rotavirus protein 

In the midst of all the hubris 
from the success of Indian satel¬ 
lites, denim and beauty queens it 
is not hard to be reminded of the 
reality that surrounds us. Those 
of us who can and wish to, need 
but to look around. The others 
may simply pick up the latest 
edition of their yearbook or world 
atlas. Look up a disease and look 
at the countries that the carto¬ 
grapher colours with a bright pink 
to denote the highest incidence. 
Nine chances out of ten India 
will be amongst the countries 
where the disease takes its largest 
toll. By some accounts we are a 
country with a booming economy 
and a rapidly growing middle 
class. But by other harsher and 
perhaps truer statistics (pardon the 
oxymoron) we have an unfor¬ 
givably high infant mortality. A 
major cause of infant death in 
India is due to gastroenteritis. The 
only practical solution to this 
problem is hygiene combined with 
simple re-hydration therapy by 
those affected. This is something 
that must be taken up on a war 
footing. Promises of clean water 
and effective sewage systems sur¬ 
round us in these times of clean 
elections; but when sewage pipes 
burst in the nation’s capital, the 
stink speaks louder than a 
thousand campaign words. 

Looking at the problems of diar¬ 
rhoea as Molecular Biologists, 
C. Durga Rao and his colleagues 
from the Indian Institute of 
Science have been studying a viral 
pathogen that causes acute 
gastroenteritis. This virus is a 
double-stranded RNA virus, a 
rotavirus, and represents the major 
cause of infant diarrhoea. In their 
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detailed study (page 725) reported 
in this issue of Current Science, 
Rao et al. report the nucleotide 
sequence of one of the regulatory 
genes of a rotavirus and also 
express the product of this gene 
in bacteria to purify the protein 
product of the regulatory gene. 
Their work is of general impor¬ 
tance because it provides reagents 
for the analysis of the mechanism 
of replication of this human virus. 
Studies on the basic biology of 
rotaviruses, in particular compara¬ 
tive studies on the evolution of 
pathogenic and non-pathogenic 
strains, are of the utmost 
relevance in understanding the 
molecular basis of virulence. The 
importance of such comparative 
studies with vimses in general 
cannot be underestimated as it is 
only by such studies that we can 
hope to understand how deadly 
vimses are bom and spread. 

Biologists today study ‘pure’ 
and ‘applied’ problems. Some use 
‘model’ organisms and others do 
their work with ‘relevant’ animals 


or plants. The strange thing is 
that very important basic results 
(such as the identification of DNA 
as the genetic material) has come 
from the study of applied pro¬ 
blems and many important results 
that can be applied have their 
origin in very basic research (such 
as methods for sequencing DNA). 
Thus, while it is difficult to say 
whether or not the study of the 
Molecular Biology of rotavimses 
will help reduce infant mortality; 
it is safe to say that studying it 
is far better than not and, more 
relevant, it is very likely that a 
careful study will actually yield 
valuable information on how the 
vims invades its host and repli¬ 
cates to cause its deadly effects. 

K. VR 


Singlet oxygen generation by 
alkaloids 

In spite of its ubiquitous presence 
molecular oxygen does not con¬ 


sume our organic world because 
in its triplet ground state the 
molecule is quite inert. However, 
the excited state of oxygen is a 
very reactive species. Any sub¬ 
stance capable of promoting the 
conversion of triplet oxygen to 
the singlet form is potentially im¬ 
portant in chemical and biological 
oxidation processes. If, in addi¬ 
tion, the compound can intercalate 
with DNA and happens to be a 
natural product, it becomes a good 
candidate for dmg screening. 

In this context, M. Maiti and 
A. Chatterjee (page 734) demon¬ 
strate the production of singlet 
oxygen by two alkaloids, san- 
guinarine and berberine chlorides. 
The presence of fused aromatic 
rings evidently is responsible for 
their ability to function as photo¬ 
sensitizers for singlet oxygen 
production. The effectiveness of 
singlet oxygen generation has 
been quantified by analysing 
absorption spectral changes. 

J. C. 
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Globalizing Indian science 


After the very healthy discussion on the 
proposed NSU, your readers must be fed 
up with NRIs solving their problems. I 
will not offer help with problems but 
point to new opportunities already intrin¬ 
sically present in India. 

As a technology and science policy 
analyst and involved ineluctably in the 
international aspects thereof, I have had 
occasion to add up many nations’ ad¬ 
vantages and disadvantages in the 
‘R & D industry’. I believe that India 
has a unique opportunity with a short-time 
window for its exploitation. The empirical 
fact is that India has produced from its 
inefficient, far from ideal university-IIT- 
CSIR system a vast pool of technical 
talent at the M Sc-Ph D level. Moreover, 
these scientist-engineers all speak passable 
English, in a world technoculture which 
also operates in English. 

These two factors, large numbers of 
scientists and English, are India’s unique 
assets. In what ‘industry’ ? Fundable R & D. 
Today’s research enterprise with FAX, 
Federal Express and 747s for transport 
is more globalized than any other sector. 
Why? Our commodity is knowledge - the 
lightest, most fungible, most rapidly 
moved of all commodities. We have 


already seen the software industry moving 
in a big way to India. My vision is for 
something much more comprehensive. 

I think that sooner or later some private 
entrepreneur will build - with public sec¬ 
tor contributions of, say, land and infra- 
stmcture-a network of (say four) major 
R & D laboratories in various parts of 
India. The focus of these labs will be 
longer-term (1-5 years) targeted (my word 
is ‘telestic’, purposeful) research of direct 
significance and directly coupled to on¬ 
going research within the supporting insti¬ 
tution (industry or government). Who will 
be the customers? First and foremost. 
Western (and Japanese) industry. Next, 
emerging Indian middle- and high-tech 
industry. Next, Middle East and South 
Asian industry. Next, India and regional 
governments. 

Why do I believe that this is a very 
sure bet? Look at the data (approximate). 
It costs $150,000-200,000 per supported 
person per year for a research scientist 
in the West. In India my figure is near 
$5000. In the USSR it is $2000. Today, 
in the fields I know best (materials, 
chemistry) the capital cost per workplace 
for all the major (i.e. used for 90% of 
the work) required apparatus is amazingly 


modest ($20-50 k). It is imperative that 
such labs avoid the edifice complex and 
Taj-Mahal-equipment to impress sight¬ 
seers. Sophisticated measurements can be 
rented in India or abroad. 

This is hardly a revolutionary concept. 
The Tata lab in Pune started by my good 
friend E. C. Subbarao is a step in this 
direction. What I am suggesting is a 
much larger version of Fraunhofer-MITI- 
type labs run by private entrepreneurs in 
India, committed to serving at a national 
as well as global level and run by a private- 
public consortium. 

Geographic, transportation and climate 
factors will be essential in selecting loca¬ 
tions. But one could examine the Novo¬ 
sibirsk (FSU) or Tsukuba (Japan) models 
for long-range hopes. What is needed is 
for India’s R & D community to pursue 
this kind of ‘applied’ science goal and 
find financial backers from any part of 
the world. 

Rustum Roy 

Intercollege Materials Research Laboratory 
The Pennsylvania State University 
University Park, PA 16802-4801 
USA 


Solar eclipse 


Readers may be aware that a total solar 
eclipse (TSE) visible from parts of India 
will take place on 24 October 1995. In 
spite of the fact that a TSE is one of 
the most breathtaking natural phenomena, 
a vast majority of Indians would miss 
seeing it, haunted as they are by the 
age-old myths and superstitions about 
such phenomena. This is tragic since 
eclipses are the earliest natural phenomena 
to have been understood and taken out 
of the realm of superstition and brought 
into the domain of science. Only an 


unscientific attitude, on the part of the 
people, deprives them of an experience 
of a lifetirne. Moreover, an expression of 
such an attitude on a societal scale only 
helps reinforce irrational beliefs in 
people’s minds. 

Vigyan Prasar, an autonomous or¬ 
ganization set up by the Department of 
Science and Technology for undertaking 
large-scale science popularization tasks, 
has decided to create national awareness 
on the scientific aspects of a TSE using 
a variety of science communication 


means, including attempts at demolishing 
the various myths and superstitions asso¬ 
ciated with this grand phenomenon. The 
occasion would also be usecTas an oppor¬ 
tunity to spread awareness about other 
astronomical phenomena and in general 
about our solar system and other objects 
in the sky. 

Narender K. Sehgal 

‘Vigyan Prasar* 

Technology Bhavan 
New Delhi 110 016, India 
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NEWS 


There has been much discussion in these columns and outside, of the state of science in the universities and how to 
improve it. One laudable effort in this direction was the setting up of the Inter-University Consortium for DAE Facilities 
at Indore. Without much fanfare, a good beginning has been made in encouraging and facilitating high-quality ex¬ 
perimental work by university staff and research students. The following report on the Annual Day at this Centre gives 
some feel of the nature of the efforts there, as well as the visitors, often working in other areas, who have already been 
attracted to Indore. One hopes this process will continue and give rise to flourishing experimental activity in an exciting 
academic atmosphere in the years to come. 


-Editors 

Annual Day of the Inter-University Consortium for Department of 
Atomic Energy Facilities 


The Annual Day of the Inter-University 
Consortium for DAE Facilities was 
celebrated on 14 December 1994, at In¬ 
dore. A one-day seminar on Science in 
India-Some Facets’ was organized on 
this occasion. At the inaugural function, 
Prof. R. Srinivasan, Director of the lUC- 
DAEF, gave a brief report of the progress 
achieved in the last one year at the three 
centres of the lUG-DAEF. There are 70 
on-going projects of university users at 
the Dhruva Reactor, Bombay, the Variable 
Energy Cyclotron at Calcutta and the 
low-energy accelerators at IGCAR, Kal- 
pakkam. The work on the photoelectron 
spectroscopy beam line is progressing 
well and the PES beam line and 
spectrometer will be put on the 
synchrotron radiation source INDUS 1, 
which is expected to be operational in 
CAT by the middle of next year. A 
number of in-house facilities have been 
added in Indore and Calcutta, including 
facilities for doing work down to liquid 
helium temperature. There is a constant 
stream of university users on these 
facilities. In the last one year lUC-Indore 
centre has conducted seven workshops/ 
short-term courses/discussion meetings and 
lUC-Calcutta centre has conducted six such 
meetings. Participants have been drawn from 
universities in different parts of India. 

In his presidential address. Dr D. D. 
Bbawalkar, Director of CAT, traced the 
genesis of lUC-DAEF. The Department of 
Atomic Energy welcomed the idea of closer 
co-operation with the universities and has 
thrown open the major national facilities 
set up by DAE for the use of scientists 
from the universities through the lUC- 
DAEF. He was happy with the progress 
achieved by the lUC-DAEF so far and 
promised all co-operation from the DAE 
establishments to the efforts of lUC-DAEF. 


Prof. Ramaseshan, in his keynote 
address, pointed to the dwindling resour¬ 
ces for higher education and research in 
the universities. He said that unless higher 
education and research in universities are 
supported, the country will face a critical 
situation in the near future. He lauded 
the efforts of lUC-DAEF in setting up 
good measurement facilities in the Indore 
and Calcutta centres and hoped that 
university scientists would make full use 
of the opportunities provided to come 
out with quality experimental work. He 
said that, in the past, a culture of building 
equipment existed among the physicists 
in the country. Physicists raised in such 
a culture have played a cmcial role in 
the development of atomic, space and 
defence research in the country. In the 
last few decades there has been greater 
and greater reliance on importing equip¬ 
ment for research in the universities and 
other institutions, and development work 
was confined to specialized agencies and 
laboratories. This is the major reason for 
the decline of experimental research in 
the universities. Prof. Ramaseshan said it 
is not enough to provide good facilities 
for measurement at a place like lUC- 
DAEF for use by scientists from univer¬ 
sities. The lUC-DAEF should involve 
university people in the development of , 
instruments and equipment. He also said 
that the training of scientists should be 
the job of universities. He wondered if 
the Department of Atomic Energy had 
not started its own training school but 
had helped the universities to run such 
training programs, perhaps there would 
have been a greater involvement of 
university researchers in DAE programs. 
Wishing the lUC-DAEF success in its 
efforts, he inaugurated the one-day semi¬ 
nar on ‘Science in India-Some Facets’. 


In this seminar Dr Dasannacharya from 
BARC traced the development of neutron 
beam research in India from the late 
fifties when the APSARA reactor and 
later the CIRUS were built. He described 
how a variety of neutron spectrometers 
were built around these reactors and later 
around DHRUVA, and the improvements 
that have been made in these spectro¬ 
meters to reduce the data collection time 
and to get a higher resolution. He also 
referred to some of the important results 
achieved in the last nearly three 
decades using the indigenously 
developed spectrometers. 

Dr Bhawalkar dwelt on the develop¬ 
ment of laser technology in CAT. He 
described the fabrication of a high- 
power copper vapour laser and how the 
technological problems involved were 
solved. A nitrogen laser was developed 
and applied successfully for the treat¬ 
ment of tuberculosis and another for 
the detection of uranium by fluorescence 
to 0.2 parts per billion. A nitrogen laser 
is being used for detecting cancerous 
cells. A 2 G W 6 ns Nd-glass laser has 
been constructed in CAT for XUV 
laser-plasma studies. A laser power 
meter has also been developed. 

Dr Rangarajan, Director, Master Control 
Facility of ISRO at Hassan, spoke about 
the Indian Space Programme - past, 
present and future. He talked about the 
satellite development programme of 
ISRO, which has resulted in improved 
communications and rural education, and 
the invaluable contribution of remote sens¬ 
ing to problems of mineral exploration, 
water resource and crop management, etc. 
He also dwelt on indigenous development 
of satellite launch vehicles. 

Dr Kembhavi gave a succinct descrip¬ 
tion of India’s contribution to astronomy 
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from days of yore. He talked about the 
excellent work done on observational 
astronomy by the Kodaikanal observatory 
in the early days of astronomical research 
in India. He dwelt on the programmes 
of the Indian Institute of Astrophysics in 
optical astronomy, the TIFR in X-ray and 
radioastronomy and the Raman Research 
Institute in radioastronomy. The GMRT 
being built by the National Centre for 
Radioastrophysics at Poona is expected 
to yield exciting results about the origin 
of the universe. He also talked about the 
establishment of lUCAA and its role in 
promoting the study of astrophysics in 
universities. 

Dr K. V. L. Sarma of the TIFR 


introduced the audience to the ultimate 
constituents of matter, namely the leptons, 
quarks and gluons. He described the 
standard model and spoke about the dis¬ 
covery of the top quark announced recently. 
Experimental research on elementary par¬ 
ticles involves very costly and huge ac¬ 
celerators and a very large team of scientists, 
engineers and technologists. Though our 
country cannot afford to build such 
machines, our scientists are actively par¬ 
ticipating in such research in CERN and 
at other big accelerator laboratories in USA. 

Dr B. L. Saraf dealt with the pressing 
problem of the deteriorating condition of 
laboratory instruction in the educational 
curriculum of many universities. He said 


that no attention is being paid to the 
improvement of experiments and there is 
no money to maintain equipment in good 
condition. He described some attempts 
being made to set up advanced experi¬ 
ments in nuclear physics at the M Sc 
level in a few colleges in Madhya Pradesh 
under a Physics Education project spon¬ 
sored by the UGC and managed by the 
lUC-DAEF. 

The lUC-DAEF had also organized a 
display of charts, photographs, etc., high¬ 
lighting its progress in the centres at 
Bombay, Indore and Calcutta. 


R. Srinivasan, Inter-University Consor¬ 
tium for DAE Facilities, Indore 


Indian initiative in liquid crystal research* 


We are living in the age of information 
technology (IT), which is nothing but a 
combination of computers and communi¬ 
cation. Now we are witnessing a further 
coming together of audio and video tech¬ 
nologies also and this combination of 
evolving into what is called multimedia. 
A significant fact of the IT scene is the 
continuous evolution of new technologies 
and also their increasingly ubiquitous 
application. In fact one can say that there 
is no area of manufacturing or services 
where you cannot apply IT and get 
benefits. 

Man has been called a tool-making 
animal. We can classify human beings 
as Homo spiritualis. Homo sapiens, Homo 
ludens and Homo faber, displaying respec¬ 
tively, the spiritual, the reasoning, the 
playful and the tool-making aspects of 
man. When man has to interact with a 
machine, especially in areas like IT, there 
is a need for information display by the 
machine, which is done using display 
devices. Today’s function inaugurating the 
Centre for Liquid Crystal Research is an 
index of India’s determination to be a 
part of the exciting new area of display 
devices. 

There are six basic types of displays 
available in the international market. 


*Inaugural address delivered in the Centre for 
Liquid Crystal Research, Bangalore, on 3 
March 1995. 


These are: cathode ray tubes, liquid crystal 
displays, light-emitting diodes, plasma 
display panels, vacuum fluorescent dis¬ 
plays and electrode emission displays. 
Some of these are specialized displays. 
Except for the conventional cathode ray 
tube (CRT), with which all of us are 
familiar, thanks to computers and 
television sets, all other displays are 
flat-panel displays. The world over, there 
has been a growing interest in the develop¬ 
ment of advanced flat-panel displays. 
Even for the CRT, there have been 
attempts to develop and manufacture flat 
CRTs. 


A look at the different types of displays 
indicates the increasing presence of non- 
CRT devices, as is obvious from Table 1. 

The global display market is expanding 
rapidly. The total global display market 
is expected to be 11.6 billion and this 
is likely to go up to 38 billion in the 
year 2000. LCD devices are likely to 
have higher volume of the market com¬ 
pared to CRT beyond 1996. In the global 
display market, the large Japanese com¬ 
panies are dominating in all segments of 
displays. Due to the special features of 
each display, each of them caters to a niche 
market apart from generalized applications. 


Table 1. Percentage of revenues by display tubes for 1987-97 


Year 



Type of display 



CRT 

(%) 

LCD 

(%) 

EL 

(%) 

ACP 

(%) 

DCP 

(%) 

LED 

(%) 

1987 

79.9 

8.5 

0.5 

1.7 

3.5 

5.9 

1988 

79.8 

8.5 

0.5 

1.8 

3.5 

6.0 

1989 

79.4 

8.6 

0.6 

1.8 

3.6 

6.0 

1990 

79.0 

8.9 

0.6 

1.9 

3.6 

6.0 

1991 

78.4 

9.4 

0.7 

1.9 

3.6 

6.0 

1992 

77.4 

10.2 

0.9 

2.0 

3.6 

6.0 

1993 

76.1 

11.3 

1.0 

2.0 

3.6 

6.0 

1994 

74.5 

12.8 

1.2 

2.0 

3.6 

5.9 

1995 

72.2 

14.8 

1.5 

2.0 

3.6 

5.9 

1996 

69.1 

17.8 

1.9 

2.0 

3.5 

5.7 

1997 

65.1 

21.7 

2.5 

1.9 

3,4 

5,4 


CRT-Cathode ray tube; LCD-Liquid crystal display; 
EL - Electroluminescent; ACP-AC plasma; DCP —DC plasma; 
LED-Light emitting diode. 
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The many products where we can use 
LCD devices are petrol bunks, multi¬ 
meters, medical instruments, thermo¬ 
meters, electronic balances, process 
instruments, etc. They can also be used 
in typewriters, pay phone communication 
equipment, cellular phones, paging, hand¬ 
held programming terminals etc. 

India cannot afford to lag behind in 
this quest for higher technology. It will 
be noticed that high-tech products are 
helpful in bringing the benefit to a large 
country like India, where many live below 
the poverty line. For example, the exten¬ 
sion of the TV network and the emergence 
of satellite communication has brought 
the benefit of entertainment and informa¬ 
tion to people in the remote parts of this 
country, which would not have been pos¬ 
sible by traditional technology. India is 
a major developing country and, thanks 
to the technological expertise India is 
capable of, we. should not lose or lag 
behind in high-tech areas. In this context 
the Department of Electronics (DOE), 
therefore, had defined its role clearly as 
the following: 

(a) To bring the benefit of electronics to 
every walk of life in India, and 

(b) To make the Indian electronics 
industry into a global player. 

Today’s function with the launching of 
the Centre for Liquid Crystal Research, 


which is going to be an autonomous 
society under the DOE is one more 
example of the initiatives being taken by 
the DOE to build on the technical com¬ 
petence we have in this country. Ultimately, 
we need leaders among our scientists to 
build organizations. In Dr Chandrasekhar 
we have a leader who is an eminent 
expert and internationally reputed scientist 
on liquid crystals, fellow of the Royal 
Society and recipient of the Royal Society 
medal. In advancing areas of science, one 
strategy we must follow is to build 
organizations around the leadership and 
technical expertise of people like Dr 
Chandrasekhar. ‘Yada yada aacharati 
sreshtahah tat tat deve etharojanah 
sayatpramanam kurute loko tat anuvartate’ 
says the Gita, It is the leaders who set 
role model for others to follow. 

The intellectual engine behind the 
Centre for Liquid Crystal Research is of 
course Dr. Chandrasekhar. But as Ken¬ 
nedy said: ‘Success has many fathers, 
failure is an orphan’. This Centre would 
not have been possible but for the 
cooperation among the Planning Commis¬ 
sion, Bharat Electronics, the Department 
of Electronics, Department of Science and 
Technology, the State Government of Kar¬ 
nataka. The Government of Karnataka 
has always taken a positive and active 
interest in the development of Electronics 


and Bangalore has emerged as the silicon 
plateau of India. In the setting up of the 
Centre for Liquid Crystal Research, today, 
we are witnessing one more addition to 
the string of excellent institutions in this 
city. 

I particularly thank the Hon’ble Vice 
President of India, who in spite of his 
busy schedule, has spared his valuable 
time to come and be with us and 
inaugurate this Centre. We are also grate¬ 
ful to the presence of His Excellency the 
Governor and the Hon’ble Chief Minister 
of Karnataka. 

While the Centre for Liquid Crystal 
Research will focus on research, emphasis 
will be laid also bn coming up with 
products that can be marketed. This will 
mean that a close association with the 
industry is necessary. I would therefore 
welcome initiatives from the industry to 
be closely linked with this institution, 
both in implementation of the projects 
and also, if possible, in funding. It is 
ultimately with the combined support and 
active interests of all concerned that we 
can make progress. 

I wish the Centre for Liquid Crystal 
Research all success. 


N. Vittal, Department of Electronics, New 
Delhi. 


Dedication of the Jawaharlal Nehru Centre for Advanced Scientific 
Research* 


As the Jawaharlal Nehm Centre for 
Advanced Scientific Research is among 
the visible monuments erected to com¬ 
memorate the 100th birth anniversary of 
Pandit Nehru, let me recall a passage 
from one of the most profound documents, 
viz. the Scientific Policy Resolution (SPR), 
which Mr Nehm as the Prime Minister 
of India piloted through the Parliament 
in 1958. Several passages of SPR are 
quoted quite frequently, but I shall read 
one that appeals to me the most: 

Tt is an inherent obligation of a great 


♦Speech delivered by P. Rama Rao at the 
JNCASR, Bangalore on 4 March 1995 


country like India, with its traditions of 
scholarship and original thinking, and its 
great cultural heritage, to participate fully 
in the march of science which is probably 
mankind’s greatest enterprise today.’ 

With a visionary policy of this nature, 
Indian science took rapid strides during 
the years since independence. In the 
present-day scenario, globalization and 
international competitiveness are the 
keywords. Let me take this opportunity 
to remind ourselves that if there is one 
field in which international quality and 
competitiveness are a natural part of our 
strength, it is the field of basic sciences. 
Even today, if a young person decides 


to embark upon a research career in 
science and enters the portals of a leading 
institution, one aspiration that he enter¬ 
tains is to come up with a publication 
that can appear in a peer-reviewed, inter¬ 
nationally reputed journal. This is 
ingrained in the culture of the scientific 
milieu and the bright, young researcher 
knows to choose a frame of reference, 
the best in his field, against which he 
has to perform to make a mark. 

It has been one of India’s good fortunes 
that there have always been a few research 
leaders in our country who have assi¬ 
duously built such strong scientific tradi¬ 
tions and motivated all those who came 
into their fold to produce competitive 
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research. Currently, undisputedly, a 
foremost research leader and an institution 
builder is Prof. C. N. R. Rao. Passion 
for science is part of his being and he 
has been a relentless, tireless crusader 
for the well-being of Indian science. 

With him spearheading the onerous task 
of building this modern edifice of science, 
not so much in brick and mortar, but in 
concept and carving out ‘cornerstones’, 
the architecture of JN Centre has built 
into it an aura of excellence. This is 


manifest in the fact - and I trust that I 
am speaking for all of the Honorary 
Faculty-that those who were invited to 
be associated with Prof. C. N. R.’s endea¬ 
vours in an honorary capacity regarded 
the opportunity as a recognition of their 
own standing in their respective disci¬ 
plines. It is thus that, even while the 
plans for physical constmction got under¬ 
way, JN Centre moved ahead rapidly with 
its academic programmes with the help 
of about 50 honorary faculty members, 


honorary professors and honorary senior 
fellows. 

Discussion meetings, summer research 
fellowship programme, visiting fellowship 
activity, research support to young 
Ph Ds and initiatives in international 
cooperation have all taken shape well in 
advance. The selected research fields of 
attention, about which I hope Prof. 
C. N. R. will have more to say, are all 
in the emerging regime in a wide range 
of disciplines spanning biodiversity, 
chemistry and physics of materials, fluid 
dynamics and complex systems. 

Returning to the subject of scientific 
policy that I had referred to, let me read 
three of the aims among those listed in 
SPR: 

(i) To ensure an adequate supply, within 
the country, of research scientists of the 
highest quality and to recognize their 
work as an important component of the 
strength of the nation. 

(ii) To ensure that the creative talent of 
men and women is encouraged and finds 
full scope in scientific activity. 

(iii) To encourage individual initiative for 
the acquisition and dissemination of 
knowledge, and for the discovery of new 
knowledge, in an atmosphere of academic 
freedom. 

In the objectives of JN Centre and the 
paths that are in the process of being 
paved for the growth of the Centre’s 
several programmes, one is able to see 
a remarkable resonance with the aims of 
the scientific policy that Nehru had arti¬ 
culated. Let me then say that there is 
every expectation that the Centre will 
meet the challenge of being worthy of 
the great name that it bears. 

Our respected Vice President has done 
us all a great honour in being with us 
this morning and his gracious presence, 
as well as that of Mrs. Narayanan, on 
this special occasion shall remain a peren¬ 
nial source of strength. Our respectful 
gratitude to them, and my sincere thanks 
to Prof. C. N. R. Rao for giving me this 
opportunity. 
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Cross-examinations: DNA fingerprinting conference traces an 
impressive record 


All plants and animals (including man) 
have far more DNA than they need to 
encode their genetic programs. Much of 
the excess is comprised of repetitious 
DNA with characteristic nucleotide sequ¬ 
ences, repeat lengths and copy numbers. 
A high degree of length variation is often 
(but not always) seen when the repeats 
are tandemly arrayed, presumably because 
recombination between mismatched 
repeats generates copy number diversity 
in the resultant arrays. ‘Alleles’ of such 
highly polymorphic variable number tan¬ 
dem repeat (VNTR) loci, also known as 
mini satellites, can be distinguished either 
by PCR amplification using flanking 
primers or by restriction fragment length 
polymorphisms (RFLPs) using cloned 
repeat sequences as hybridization probes. 
Indeed, many minisatellites were iden¬ 
tified first via PCR with random 
oligonucleotide (~ 10-mer) primers. DNA 
fingerprinting, i.e. the typing of polymor¬ 
phic loci haplotypes, can distinguish bet¬ 
ween DNA from different sources and 
also be used to quantitate the genetic 
relatedness between individuals or even 
populations and species. The applications 
and implications of this deceptively simple 
technology were discussed by a wide 
spectrum of scientists, forensic experts, 
wild-life conservators and even some police 
officials who had gathered in Hyderabad 
for the recently concluded (December 13- 
16, 1994) Third International Conference 
on DNA Fingerprinting. 

About a third of the presentations (in¬ 
cluding most of the plenary lectures) were 
related to the use of DNA fingerprinting 
evidence in forensics and personal iden¬ 
tification. Of the two basic fingerprinting 
strategies, RFLP typing of VNTR loci 
and PCR amplification of short tandem 
repeat loci (STR, 1-6 bp repeat length), 
the first is more informative for identity 
testing, such as in cases of disputed pater¬ 
nity, where high molecular weight DNA 
is not limiting. The second strategy allows 
analysis even of degraded samples such 
as DNA from exhumed tissues and blood 
stains and is also much more sensitive. 
Many examples were given in which PCR 
analysis was shown to detect DNA from 
even a single hair or from cells deposited 
by a smoker onto a cigarette butt 


(Budowle), or specks of blood picked off 
a suspect’s hand with cellotape 
(Petricevic). de Pancorbo even described 
the PCR analysis of DNA from the spongy 
bones of the 700-800 years old remains 
of a Basque individual. 

Statistical methods to compare the data 
from the scene-of-crime DNA with sus¬ 
pects’ samples (Newton Morton, Partha 
Majumdar) highlighted concerns about the 
abilities of juries (as in British and 
American courts) and even judges to cope 
with quantitatively presented evidence 
(John Brookfield, Ranajit Chakraborty). 
An example of the verbal mangling of 
logic is the ‘Prosecutor’s fallacy’, which 
in its simplest form incorrectly equates 
the statements ‘If A then B’ and ‘If not-A 
then not-B’. The need for compiling allele 
frequency databases of STR and VNTR 
loci for real populations was stressed by 
Newton Morton, Peter Gill and Ranajit 
Chakraborty. Only then is it possible to 
estimate the likelihood that a DNA 
fingerprint pattern obtained for the scene- 
of-crime sample matches that of a person 
chosen randomly from the subpopulation 
which includes the suspect. In this context, 
there was severe criticism of the ‘ceiling 
principle’, which somewhat arbitrarily 
allows the use of allele frequencies from 
different populations, even ones to which 
the suspect is not likely to belong. (A 
discussion of the ‘ceiling principle’ and 
other aspects of the reliability of forensic 
laboratory results, though important, is 
beyond the scope of this report.) Examples 
of database compilations came from 
Britain (Peter Gill) and France (Pfit- 
zinger). Database compilations have also 
been attempted in India (Kashyap, Raina, 
Shuba Krishna and Karutha Pandyan), 
but these attempts need to incorporate 
the more recently developed DNA 
fingerprinting technologies and data 
management systems. One example of 
these new developments is the tagging 
of DNA with fluorescent dyes, which 
enables molecular size markers and the 
sample DNA to be loaded into the same 
lane of an agarose gel, or alternatively, 
it allows the typing of several PCR 
markers (polymarkers) simultaneously as 
in a multiplex system (Gill, Robertson). 
Another example is the use of two-dimen¬ 


sional (2D) separation of DNA fragments. 
Numberg used 2D fingerprints to compare 
DNA from tumour and normal tissues. 
A third example is the development of 
an alternative to gel-based analysis of 
DNA polymorphisms, that uses arrays of 
target DNA sequences printed onto either 
a glass or a plastic matrix. Hybridization 
to such arrays would allow digital read-out 
of the results (Southern). 

A phylogeny reconstructed from allele 
frequencies of 13 STRs from 15 ethnically 
diverse populations was consistent with 
other studies of human divergence and 
with the archaeological record (Ranjan 
Deka). Y-chromosome-specific polymor¬ 
phisms, useful both for paternity testing 
as well as for evolutionary studies of 
male lineages, have been studied in Indian 
(Pandya) and German (Roewer) popula¬ 
tions. Conversely, mitochondrial DNA 
polymorphisms (in the noncoding D loop 
region) have been analysed to trace 
maternal lineages (Ovtchinnikova). It may 
be interesting to compare the mutation 
rates in mitochondrial DNA with those 
of the W chromosome, say in chickens, 
since both are maternally inherited. Alu 
sequence polymorphisms among Amerin¬ 
dian populations ranging from Alaska to 
Argentina were used to trace the early 
human colonization of the Americas (Her¬ 
rera). Daniel Corach provided a dramatic 
account of DNA fingerprinting analysis 
following a mass disaster-the bombing 
of the Argentine Mutual Israelian Asso¬ 
ciation building in Buenos Aires in July 
1994, in which remains of more than 
100 victims were analysed within four 
months. Garofano alerted the forensic 
community about the possible mistyping 
of HLADQa during PCR amplification 
from human remains. 

With the recognition that amplification 
of polymorphic trinucleotide repeat se¬ 
quences underlies genetic disorders like 
Huntington disease and fragile X synd¬ 
rome (Hummerich), studies of mini¬ 
satellite dynamics have been brought to 
the forefront of medical research. Progres¬ 
sive amplification of trinucleotide repeats 
can now explain the previously baffling 
phenomenon of anticipation, the tendency 
of these diseases to appear at earlier onset 
ages and with increasing severity in suc- 
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cessive generations of a pedigree. Brah- 
machari cloned 12-84 copies of the CTG 
trinucleotide (which is amplified in 
myotonic dystrophy patients) into the lacZ 
gene on a plasmid and found that as the 
repeat number increased from 36 to 48 
there was an abrupt drop in lacZ activity. 
Plasmids with repeat lengths greater than 
36 also showed anomalous electrophoretic 
mobility on agarose gels which suggested 
that the repeats compacted the plasmid 
structure. He proposed that CTG repeats 
formed a quadruplex structure (as in 
telomeres) which might block transcrip¬ 
tion by RNA polymerase. 

Jeffreys (anointed the ‘pope’ of DNA 
fingerprinting at this meeting) explored 
why some minisatellite sequences are not 
polymorphic. His analysis of mini satellite 
variant repeats at the MS32 minisatellite 
locus showed greater de novo mutation 
rates in sperm samples of Caucasian and 
Japanese males than in those from African 
males. The basis for this difference was 
traced to the 01 site 48 bp upstream of 
the minisatellite sequence. The presence 
of the nucleotide G at this site was 
associated with hypermutation whereas a 
C depressed the mutation rates. Thus, 
minisatellite instability was demonstrated 
to be regulated by a cis element outside 
the array. The 01 site may act as an 
initiator of mutation/gene conversion 
events because hypermutation events 
showed polarity with respect to OIG. 
There may be a bias in gene conversion 
events leading to the replacement of OIG 
by 01C (a meiotic drive). Such bias may 
be needed to prevent OlG-induced hyper¬ 
mutation from taking over the chromo¬ 
some. Lalji Singh reported the Bkm- 
binding protein’s (BBP) specific binding 
to the Bkm-minisatellite DNA. BBP is 
but one example of several recently iden¬ 
tified mini satellite-binding proteins. It is 
expressed in a sex- and tissue-specific 
manner (germ cells of heterogametic sex) 
since its target sequence (Bkm) is found 
predominantly on the sex chromosomes 
(Y and W chromosomes). He proposed 
that GATA repeats of Bkm bring about 
a coordinated decondensation of the W 
and Y sex chromosomes in the germ 
cells of the heterogametic sex in response 
to BBP, which may serve as a switch 
for the activation of the genes present 
on the W and Y chromosomes. He sug¬ 
gested that different mini satellites may 
have different functions. It would, of 
course, be a mistake to assign a genera¬ 


lized function to all minisatellites. 

Other discussed examples of medically 
relevant applications of DNA fingerprint¬ 
ing included diagnosis of infectious dis¬ 
eases such as tuberculosis and malaria 
(Pearson, Bayoumi). It can be used to 
distinguish between tumour and normal 
tissues. Genomic rearrangements (e.g. loss 
of heterozygosity and gene amplifications) 
can be detected by their effect on the 
DNA profile (Peason, Garcia-Orad). 
Selective underreplication of chromo¬ 
somes in the dividing hepatocytes of 
regenerating rat liver were shown to 
produce DNA fingerprint differences from 
normal cell patterns (Prima). Epplen 
described his group’s efforts to identify 
DNA polymorphisms in immunorelevant 
genes as markers for susceptibility to 
autoimmune disease, particularly rheuma¬ 
toid arthritis and multiple sclerois. 

The potential of DNA fingerprinting 
has been recognized in sericulture 
(Nagaraju), pisciculture (Kshitish Majum- 
dar) and, of course, agriculture. DNA 
polymorphisms have been used as markers 
for various cultivars- of bananas (Bhat), 
to tag a gene for Ascochyta resistance 
in chick-pea (Huttel, Sharma), and also 
in brassicas (Lakshmikumaran), peanut 
(Prakash), amaranths (Kumar) and Hima¬ 
layan poppies (Sulaiman). Wayne-Powell 
described its use for germplasm conser¬ 
vation in coffee and soya beans. DNA 
fingerprints were also used to identify 
pathogens and pests of rice such as Xan- 
thomonas oryzae (Chowdaii) and the gall 
midge (Ehtesham) and the fungal 
pathogen of chick-pea Ascochyta rabiei 
(N. P. Singh). 

Programs and studies in animal hus¬ 
bandry, wild-life conservation and animal 
behaviour have also found applications 
of DNA fingerprinting technologies. It 
has been used to monitor inbreeding in 
captive populations of Rhesus monkeys 
(Ely) and in the endangered Waldraap 
ibis (Jeffreys). Georges described the use 
of a bovine genetic map to identify quan¬ 
titative trait loci (QTLs) that influence 
milk yield and composition; one QTL 
was closely linked to the weaver mutation 
that causes neural degeneration. He also 
described the callipyge mutation in sheep 
as an example of a balanced polymor¬ 
phism. Callipyge sheep have a ‘rounded 
bottom’ phenotype, but this phenotype is 
seen only if the mutation is heterozygous. 
Homozygous callipyge individuals are 
indistinguishable from the wild type. The 


only other instances of the heterozygote 
being different from the two classes of 
homozygotes that I am aware of is in 
transvection in Drosophila. For transvec- 
tion the paternal and maternal homologues 
of a gene need to be ‘paired’ i.e. located 
at similar chromosomal positions. The 
mutant phenotype is a consequence of 
disruption of pairing following chromo¬ 
some rearrangement and, therefore, is seen 
only in the heterozygous individual. If 
callipyge is indeed associated with 
chromosome rearrangement, it may rep¬ 
resent the first example of transvection 
in mammals. Curiously, callipyge is ex¬ 
pressed only when the mutation is pater¬ 
nally derived. 

Maynotti-Raymond from Stephen 
O’Brian’s laboratory described the use 
of DNA polymorphisms to estimate 
genetic relatedness and phytogenies of 
the big cats (cheetahs, lions and leopards). 
The alarmingly low genetic variability 
found in the Gir lion is due to an evolu¬ 
tionary bottleneck in the early years of 
this century when its numbers were down 
to about 20. In cheetahs a bottleneck was 
estimated to have occurred between 6000 
and 13,000 years ago. Miththapala used 
DNA markers to draw a phytogeny of 
leopards and showed that island popula¬ 
tions (from Sri Lanka and Java) are more 
inbred than continental populations. DNA 
fingerprinting was used by Wickings to 
relate the duration of a dominant male’s 
reign in a brood with the time taken for 
his daughters to attain sexual maturity. 
In a poster, she also described the tracking 
of Western lowland gorillas by DNA 
fingerprints of hairs collected at nesting 
sites. The hybridization of the Ethiopian 
wolf with ferral domestic dogs was 
monitored by Bmford. He also used DNA 
from faecal samples to work out the 
genetic relatedness among baboons in the 
Amboseli National Park. Tokarskaya used 
DNA polymorphisms to define subpopula¬ 
tions of Siberian cranes. Kayser examined 
the human minisatellite markers D12S66 
and D12S67 to trace primate evolution. 
McPartlan described the wide applications 
of STR markers by the Victorian Institute 
of Animal Sciences (Australia) for paren¬ 
tage analysis of harness horses, greyhounds 
and alpacas. Her colleague Even used 
DNA profiles to study the evolution of 
horses and pony breeds. Also from 
Australia, Temple-Smith literally went out 
on a limb (of a eucalypt) to obtain samples 
for DNA profiles of koalas. 


CURRENT SCIENCE, VOL. 68, NO. 7, 10 APRIL 1995 


675 


NEWS 


It was perhaps appropriate that the 
meeting was formally inaugurated by 
the Governor of Andhra Pradesh only 
after the talk by Carleton Gadjusek on 
an infectious agent (infectious amyloid) 
that leaves no DNA fingerprint. Infectious 
amyloid proteins follow Koch’s postulates 
and are the causative agents for various 
encephalopathies and amyloidoses of the 
brain, including Creutzfeldt-Jakob demen¬ 
tia and bovine spongiform encephalitis. 
The infectious-disease-causing proteins 
are derived by conformational changes in 
normal host precursor molecules that are 
induced via nucleation with an infective 
molecule. Thus, there are no differences 
in the amino acid sequence of the normal 
and infective variants and hence no un¬ 
derlying genetic differences. Mutations in 
the precursor protein, however, can in¬ 


crease the likelihood of spontaneous 
generation of amyloids. Amyloids have 
also been implicated in cases of hereditary 
blindness, and can affect heart, gut and 
kidneys. 

The conference bore the unmistakable 
signature of its chairman, Pushpa Bhar- 
gava. Two popular talks were open to 
the general public. One, by Bhargava, 
illustrated the contributions of Lalji Singh 
and colleagues at CCMB in fostering 
DNA fingerprinting awareness even in 
remote tribal hamlets. The other, by 
Susumo Ohno, dealt with the persistence 
of genes even after they have outlived 
their usefulness (e.g. chicken genes for 
dentine and tooth enamel). The long half- 
life of redundant genes (45 million years) 
explains why ontogeny recapitulates 
phylogeny as, for example, in the se¬ 


quential development of three kidneys in 
human embryonic development. 

Fine science blended with fine food 
(including authentic Hyderabad! fare) and 
fine art. This included folk dancers of 
Gujarat (Dr Parul Shah’s troupe), an eve¬ 
ning at Golconda, followed by qawaalis 
and a ‘chowki dinner’ at the nearby Qutb 
Shahi tombs (courtesy AP Department of 
Tourism), and a visit to an artists’ camp 
at the Sanghinagar township (built around 
a polyester plant). The Fourth Interna¬ 
tional Conference on DNA Fingerprinting 
in Melbourne (December 1996) will surely 
find TICDF a hard act to follow! 


Durgadas P. Kasbekar, Centre for Cel¬ 
lular and Molecular Biology, Hyderabad 


RESEARCH NEWS 

Complex domestic conflicts in a bird family 

Raghavendra Gadagkar and H. S. Arathi 


Birds exhibit, more than any other group 
of higher animals, such noble virtues as 
monogamy, pair-bonding for life, male 
parental care and cooperative efforts by 
both parents in nest building and care of 
the chicks. Not surprisingly, these virtues 
of the birds are often extolled by poets 
and philosophers, especially while admo¬ 
nishing fellow humans. However, as 
scientists probe deeper into the secrets 
of bird family life, many unexpected 
domestic conflicts are coming to the fore. 
A particularly devastating revelation has 
come from the recent use of DNA tech¬ 
nology in determining the parentage of 
chicks being reared in nests of 
monogamously paired parents, much as 
forensic laboratories have begun to do in 
cases of disputed parentage among 
humans. Many species that were fondly 
thought to be monogamous have turned 
out to be rather promiscuous. Females 
from apparently monogamous pairs often 
mate, on the sly as it were, with males 
from neighbouring monogamous pairs and 
lay at least some of the eggs that are 
not sired by the partners who help them 


in parental duties 

A novel and more complicated domestic 
conflict has recently been documented by 
Norwegian scientists at the University of 
Oslo. Slagsvold et al^ conducted a four- 
year study of the breeding biology of 
the blue tit, a small passerine bird, not 
unlike the common house sparrow. These 
birds are monogamous and both parents 
share parental duties. The female lays 
about 10 eggs in a span of about 10 
days and incubates them. While the male 
does not help with the incubation, he 
feeds the female while she does so and, 
later, when the chicks hatch, both parents 
feed the chicks. A matter of dispute 
concerns when the female should start 
incubating. If she starts too early (say, 
as soon as she lays her first egg), the 
chicks will all hatch on different days 
and the parents will have a very 
asynchronous batch of brood to take care 
of. If she starts late (say, after she has 
already laid all her eggs), then the chicks 
will all hatch at about the same time and 
the parents will have a very synchronous 
batch of brood. 


It turns out that synchronous and 
asynchronous broods have very different 
consequences for the male and female 
parents. In one experiment, broods were 
artificially manipulated to produce espe¬ 
cially synchronous or asynchronous 
broods. Male parents had a higher chance 
of surviving to breed again the following 
year when they were given asynchronous 
(47%; n = 46) brood than when they 
were given synchronous brood (25%; 
n = 36). Conversely, female parents had 
a higher chance of surviving to breed 
the following year when they were given 
synchronous brood (43%; n = 43) rather 
than asynchronous brood (29%; n = 51). 
As a precaution, it was confirmed that 
male and female parents had similar sur¬ 
vival rates when synchronous and 
asynchronous broods were combined in 
the analysis (males = 35%; n = 82, and 
females = 37%; n = 94). Similarly, 
when data on male and female parents 
were combined in the analysis, birds at¬ 
tending synchronous and asynchronous 
brood have similar survival probabilities 
(synchronous brood = 37%; n - 79, and 
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asynchronous brood = 36%; n = 97). 
Thus, the mother is better off raising a 
synchronous batch of brood while the 
father is better off with an asynchronous 
batch of brdod. 

The most likely reasons for these male- 
female differences are the following. The 
authors of the same study have data 
suggesting that male blue tits, while par¬ 
ticipating in parental care, are apparently 
not as conscientious as the females. They 
take care of the larger and stronger chicks, 
and when such chicks are successfully 
fledged, they stop working and pay more 
attention to territorial defence and moult¬ 
ing and enhance their future survival prob¬ 
abilities. The burden of difficult and 
prolonged care of small and weak chicks 
falls on the mother. When the chicks are 
all of more or less the same age, the 
mother thus has more help from the 
father, who in turn has to work harder 
as all the chicks satisfy his criteria of 
being big and strong. When the brood 
is asynchronous, however, the male 
benefits by stopping his work early while 
the female carries on alone, caring for 
the smaller and weaker chicks, and in 
the process, lowers her chances of being 
alive and fit to breed again the following 
year. 

Now why should males and females 
be so different in their commitment to 
parental care? Firstly, female parental care 
is more fundamental and as soon as there 
is any opportunity for one of the parents 
to desert, it is usually the male who is 


the first one to jump at it. This happens 
throughout the animal kingdom and may 
be related to the fact that females invest 
more in their offspring, starting right from 
the cost of an egg, while males invest 
much less, often nothing more than in¬ 
expensive sperm^’^ Hence, females have 
much more at stake in the survival of 
their offspring than males do. Secondly, 
the small and late-hatching chicks in a 
nest are more likely, at least in some 
species, to be sired by neighbouring males 
in extra-pair copulations^’^, so that the 
male has even less interest in the welfare 
of these particular chicks’’Interest¬ 
ingly, however, it is the female that 
appears to win in this domestic quarrel 
about whether the brood should hatch 
synchronously or asynchronously. Only 
the female incubates and it is thus only 
she who decides when to start incubating 
and, therefore, how synchronous the brood 
should be. 

Until not too long ago, unexpected 
conflicts among animals were buried 
under the carpet as being pathological. 
The evolutionary approach to animal 
behaviour permits us to face such unex¬ 
pected conflicts head-on and even to 
predict when conflicts may occur and 
how they may be resolved. As a bonus, 
our understanding of animal behaviour 
grows in richness. But if these revelations 
of domestic conflict in birds appear to 
make them unsuitable as role models of 
good behaviour, we must reflect on the 
fact that they are still able to maintain 


an external appearance of faithfully 
bonded monogamous pairs in spite of 
such simmering discontent! 
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OPINION 

University science education; Who funds? 


Who should fund university science 
education? Can the private sector generate 
enough resources to be able to sustain 
universities in their intellectual pursuits 
and not merely merchandise education? 
The questions have appeared rather sud¬ 
denly on the horizon. Ft Nehru’s vision 
of modem India, the first Education Policy 
and the National Policy on Education 
1986, carved a direction for science educa¬ 
tion in the country and led to creation 
of a strong infrastmcture. Yet, the science 


education system needs reforming to 
respond to the challenges of national 
economy and international competitive¬ 
ness. The current policy of the government 
of releasing control to the industry and 
the people and the Punnanya Committee 
recommendations in cutting down the 
establishment expenditure call for greater 
support to universities from the industry, 
NRI and affluent members of the society. 
The creation of the infrastructure, the 
areas of concern, the role played by 


public and private sector so far and the 
response actions for attracting multi source 
funding are discussed in this paper. 

Areas of concern 

With the increasing cost of research, lack 
of suitably trained manpower and the 
shrinking budget, enormous pressure is 
being put on university education. The 
current situation is seen as reflecting the 
existence of a mismatch between the 
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generation of S&T manpower, produc¬ 
tion of technology know-how and the 
availability of financial resources. 

Generation of S & T manpower and 
comparisons 

Data on enrolments of students in higher 
education can be taken as one of the 
parameters to assess the growth of S & T 
manpower in the country (Figure 1). What 
are the demand profiles and where does 
this S&T manpower get absorbed? The 
total stock of S & T manpower, which 
was approximately 1 million as per 1981 
census survey, has grown to 4 million 
by the end of the seventh plan. Out of 
this only 0.3 million were employed in 
the R & D establishments, including the 
industrial sector in 1990. The R & D stas- 
tistics of the Department of Science & 
Technology also points out that in the 
same year 0.6 million S&T graduates 

<n I 

■D I 


were registered at the employment ex¬ 
change, though all may not have been 
unemployed at that time. It is obvious 
that employment opportunities and the 
demand for indigenous know-how for 
technology development fall short of the 
quantum of S&T manpower generated 
in the country. 

In the global context, data on the per¬ 
centage of population with university 
degree for India are shown in Figure 2 
in comparison to the US, Japan, Germany 
and others. A comparison of the ratio of 
S&T enrolments to the total graduate 
enrolments, for a few Asian countries, is 
shown in Figure 3. This indicates a low 
percentage of the total numbers entering 
the university and opting for science and 
engineering education, in India. 

Besides the above differences, com¬ 
pared to India, in the .advanced countries, 
flexible systems operate with stress on 
job-oriented education and greater empha¬ 


sis on scientific literacy. The major struc¬ 
tural differences occur in 

- the ratios between enrolments at higher 
secondary level and at unij^ersity level, 

- the ratios of students opting for general 
education and for vocational/technical 
education, 

- the enrolments for full-time and part- 
time courses, 

- the degree of flexibility and variability 
of emphasis on pre-vocational educa¬ 
tion. 

Production of know-how 

Not only in India but also globally, a 
key problem is the integration of science 
education with economic reforms dictated 
by market compulsions. Science education 
must relate to the' existing real world. 
Views are being expressed on what shape 
science education would assume in the 
21st century. The issues of costs and 
value of the returns are also being re¬ 
examined in this context. It is being 
realized that the demand for future is 
going to be for technological skills in 
hi-tech areas. Not just new product tech¬ 
nologies but more importantly new 
process technologies will be required to 
meet the demands of international stand¬ 
ards such as ISO and those of environ¬ 
mentally cleaner production systems. And 
science education is an essential ingredient 
in these hi-tech processing technologies. 
The countries with the best-educated 
scientific manpower are expected to gain 
in the long run. Countries like Japan and 
Singapore are attentive to this situation 
and are taking steps to ensure that they 
continue to lead in producing skilled man¬ 
power. Companies are being persuaded 
to set up training institutions and heavy 
emphasis is laid on re-training of the 
workers. 

With the increasing importance of 
emerging technologies in the fields of 
composite materials, microelectronics, 
informatics, data communications, con¬ 
struction, environment and biotech¬ 
nologies of importance to India, it is 
evident that a large number of engineers 
with an advanced degree in these high- 
technology areas would be needed. The 
R & D focus of academic institutions 
needs to be directed towards solving the 
immediate and distant problems in the 
areas of current thrusts and missions mode 
projects in potential growth areas, with 
industry as a partner. In the Department 
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Figure 1. Growth of enrolments in basic sciences and turnout of M Sc degree 
holders. (Source: R&D Statistics of DST and HRD Group Report of CSIR, 1993). 
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Figure 3. Ratio of natural science and engineering degree holders to total bachelor’s 
degree holders in selected Asian countries, 1975-90 (Source: Prof. E. L. Jossem, 
paper presented In the International Conference on Physics and Industry: Bridging 
the Gap, New Delhi, January 1994). 


of Science & Technology, Technology 
Information and Forecasting Assessment 
Council is carrying out an in-depth study 
of some of the issues involved and 
strategies for re-orientation needed in 
science education at various levels in the 
context of technology development and 
global competitions. 

Resource crunch 

The total educational fund available in 


any country is considered to be an indi¬ 
cative factor of development. The world 
average in terms of the ratio of educational 
fund to gross national fund (GNF) is 
between 5 and 8%. For India, this ratio 
is as low as 3%. The amount would be 
much less if the total funds actually avail¬ 
able for education are considered. For 
example, for India and UK, where this 
ratio is 3 : 8 and the population ratio is 
16:1 our country may actually be spend¬ 
ing 32 times lower than UK on education. 


What fraction of it is spent for university 
science education? 

Response actions 

All the factors discussed above are highly 
interactive and a well-matched interplay 
would be desirable for a dynamic growth. 
Here we discuss the issue of attracting 
greater finances for higher education, with 
response strategies by the universities, 
industry/private sector and professional 
bodies. There have been several notable 
recommendations about the unit cost and 
the corresponding provision of finances, 
student fee and scholarships; these aspects 
are not discussed here. 

Role of universities 

The government, while laying more 
emphasis on primary and secondary 
education support, has announced a policy 
of attracting investments for higher educa¬ 
tion from the private sector through 
income tax exemptions of up to 125% 
on contributions made to educational and 
scientific research institutions. The impact 
of this amendment of tax laws is yet to 
be felt. Such endowments would not only 
add to the university resources but can 
also give more autonomy and account¬ 
ability to universities. The government 
policy of releasing control to the industry 
and the people is a significant step in 
this direction. The universities can come 
forward to design programmes to attract 
multi-source funding and strengthen the 
linkage with the industry for taking full 
benefit of the scheme. New models need 
to be tried for implementing these 
schemes, or some of the existing models 
could also be tried. 

In the planning stage of most of the 
universities, it has been assumed that 
their creator; be it the government or a 
missionary body or some other private 
body; will be responsible for supporting 
them eternally. It was the vision of few 
like G. D. Birla who thought about the 
future sources of funds and the self- 
sufficiency of the education centres 
created by him. Along with the creation 
of the Birla Institute of Technology & 
Science (BITS) at Pilani in 1964, an 
endowment fund was created, which has 
grown today to a level of self-support. 
The fee has been in consonance with the 
market forces like price index and infla¬ 
tion. The industry has been involved 
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through the Practice School Programme, 
as off-campus education programme 
started in 1973. The programme requires 
students to undergo the rigour of the 
professional world in form as well as 
substance. The cost of education of appro¬ 
ximately three hundred students who are 
in the industry for the Practice School 
programme for about 7 months is indi¬ 
rectly borne by the industry. By one 
estimate, less than 10% of BITS graduates 
have opted to go abroad in the past. 
There will be more examples of similar 
innovative pursuits and achievements 
within the country. Some more analysis 
may be needed in adopting such models. 

To cite a few examples from other 
countries, Denmark has recently intro¬ 
duced per capita funding in its technical 
colleges. The American and other govern¬ 
ments are thinking in terms of introducing 
education vouchers. The Canadian univer¬ 
sities have offered ‘Industrial Research 
Chairs’ so that the industry shares the 
costs of research professors’ salaries, 
equipment and operating support. 

Creation of the Technology & Innova¬ 
tion centre for transfer of technology can 
also be viewed as a means of indirect 
resource generation. IIT Delhi, with the 
start of Foundation for Innovations and 
Technology Transfer, has set up an inter¬ 
face with the industry. It is suggested 
that ‘Alumni Chair’ and ‘University 
Residence Chair’ could be created to 
attract funding from affluent citizens and 
NRIs. 

Role of industry and private sector 

In the following paragraphs, some sug¬ 
gestions are made for attracting multi¬ 


source funding, which will address the 
issues of both generation of resources 
and production of know-how. 

(i) Industries need to come forward to 
offer projects at undergraduate and 
postgraduate levels. A few additional seats 
in colleges can be created for industries 
in the neighbourhood, and the students’ 
programmes can be designed with built-in 
assessment techniques. Such ‘projectized 
education’ will not only sponsor students 
but also help in problem-solving areas, 
development of skills, and future employ¬ 
ment of students. 

(ii) Industries can identify modern labo¬ 
ratory equipment, which matches with the 
area of their activity, and provide it to 
the universities or colleges free of cost 
or at highly subsidized cost and claim 
tax exemptions. UNESCO has been en¬ 
couraging such efforts. 

(iii) The private sector is contributing not 
only to formal education but has also 
been playing a catalytic role through non- 
formal education at senior secondary level 
to prepare students for competitive exami¬ 
nations. Similar structured courses may 
be offered by the private sector at 
postgraduate level too, for graduates com¬ 
ing out of the universities. One possibility 
could be that universities have tie-ups 
with the private industry, which trains 
the graduate students in the areas of 
relevance during vacations as well as 
after graduation. Industries also expose 
the students to the real problems and also 
sponsor them. 

(iv) In India, several private organizations 
are running successful computer training 
programmes in software development. The 
potential of these organizations can be 
turned to develop programme texts as a 


means of informal learning at the univer¬ 
sities. They may hire students from the 
universities for preparation of such a 
‘course ware’ and also link with the 
industries who offer the facilities for infor¬ 
mal learning. Such informal teaching can 
also become part of the courses offered 
by the universities/colleges. 

Role of professional bodies 

The professional bodies could help in 
organizing seminars and visits to indus¬ 
tries for their members. These bodies 
could also help in widely disseminating 
the scientific information generated at 
universities for the benefit of the industry. 

Conclusions 

In the field of higher education the areas 
of prime concern are the lack of skilled 
technical manpower, lack of indigenous 
know-how, resource crunch and the chal¬ 
lenge of globalization of the economy. 
This write-up addresses the issue of 
resource crunch. A few models to attract 
multi-source funding that exist are cited, 
and existing efforts to bridge the gap 
between education and industry are 
enumerated. Suggestions are made to 
develop other means to attract finances 
which may also add to the production of 
suitably trained manpower to fufil the 
requirements of job markets. Private 
bodies and professional societies have a 
greater role to play in this direction. 


Malti Goel is in the Department of Science 
& Technology, Technology Bhawan, New 
Delhi 1 JO 016, India. 


Are patterns a rule in nature? 


‘Nor is it our business to prescribe, to 
God how he should mn the world...’ 

-N. Bohr 

Searching for patterns and investigating 
the basis of their emergence has been 
probably the major occupation in science. 
It is because the planets were found to 


go on circling in a regular pattern that 
the science of astronomy was bom, be¬ 
cause the fossils were found changing in 
a gradual and interpretable manner that 
the science of evolution started, and 
chemistry as a science survives because 
the electrons exhibit a regular pattern of 
movement around the nucleus; in a cmde 
sense, patterns seem to be the raw material 


for the build-up of the systematic 
knowledge that we call science. It is not 
surprising that science could not have 
really grown as it has should not patterns 
exist in nature. In fact, science grows by 
continuously feeding on the patterns iden¬ 
tified in nature. 

It is easy to recognize that since patterns 
are an important raw material for its 
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growth, science seems to have evolved 
its own ways of ‘discovering’ them so 
as to sustain its own growth. It appears 
that this ability of science has also con¬ 
tributed to its rapid growth as an in¬ 
separable element of human civilization. 
The more the patterns held out by science, 
the greater is the thrill for its practitioners 
and the more are the followers who get 
ensnared to investigate them. In this sense, 
every pattern shown or demonstrated has 
the same effect as a miracle would have 
on the spread of a religion or the religious 
belief. There is one difference, however: 
miracles are always questioned and 
science has its own and unfailing ways 
of disproving them while freshly dis¬ 
covered patterns are always celebrated, 
and accepted on the belief that science 
has a self-correcting mechanism. What is 
not realized is that often these patterns 
are constructs of the language and gram¬ 
mar of science which per se ensure 
immortality of these patterns. The self- 
correcting mechanism of science would 
certainly be operating to eliminate those 
artefacts which the language of science 
can clearly identify but not those which 
are themselves the creations of the pos¬ 
sible artefacts of the language itself. Thus, 
it might be important to delineate the 
virtual patterns from those ‘created’ by 
science. 

In this article, I intend to address two 
issues of patterns with respect to their 
genuineness versus the extent of illusion 
that science might have created about 
their existence. The first concerns the 
meaning and signal component of patterns 
to which scientists are attracted when 
they attempt to identify a pattern in any 
natural system. It will be argued that, 
since there have not yet been distinct 
criteria developed to demarcate patterns 
from non-patterns, scientists seem to often 
develop their own mechanisms of iden¬ 
tifying patterns, which in turn ensure the 
survival of the science as such and of 
these mechanisms as they help generat¬ 
ing more patterns. The second issue 
concerns the belief that our world and 
patterns in it should emerge from or¬ 
derly processes. It will be argued that 
our world could be a result of many 
more random processes than science 
would subscribe to and that, as an 
enterprise, science has survived partly 
because it strongly believes and 
propagates the idea that patterns should 
emerge from an orderly process. 


What is a pattern? 

While it is indeed difficult to define what 
a pattern is, it is easy to visualize that 
every scientist would think of a pattern 
in accordance with the area of his 
speciality. There can be temporal patterns 
such as sunspot rhythms, circadian 
rhythms, periodicity in the recmitment of 
foraging ants, spatial patterns such as 
skin patterns, distribution of celestial 
objects within a galaxy, or in the 
universe, arrangement of leaves in a 
plant, spatial pattern of foraging in 
animals, spatiotemporal patterns such as 
the famous B-Z reactions, and derived 
or abstract patterns such as phylogenetic 
trees, frequency-size relations in living 
systems and inanimate objects, and so 
on. Undoubtedly all these are considered 
to have patterns of one kind or the other 
and hence have inspired investigations in 
their respective fields. But the signal com¬ 
ponent or the specific feature of the sys¬ 
tem that is considered to reflect the pattern 
might vary and hence there might not be 
a common agreement among all the scien¬ 
tists as to what they mean by a pattern. 
For this reason it appears that there is 
certain intuition or trained skill that drives 
a scientist to recognize the existence of 
patterns in his/her field of specialization. 
For the same reason it is difficult to 
immediately define the term pattern as it 
is also probably not necessary for the 
discussion or the argument to be 
developed. However, it would be seen 
that precisely this difficulty of defining 
a pattern per se is one of the major 
problems associated with the process of 
pattern finding ip science. 

Are patterns discrete? 

There has generally been a view that the 
existence of pattern is an all or none 
phenomenon. In science we tend to say 
either a pattern exists or it does not, 
implying that the patterns are discrete. It 
is a surprise as to why science immedi¬ 
ately recognizes and appreciates the 
demonstration of absolute ‘yes’ patterns 
more easily than that of ‘poor’ or ‘no’ 
patterns. 

But a few interesting studies in psycho¬ 
logy on the perception of patterns have 
demonstrated that given the set of all 
possible events in any dimension (space 
or time; see below), our mind clearly 
recognizes some as very good, some as 
very poor and others to range between 


these extremes. In other words, percep¬ 
tually we are not biased to classify the 
range of patterns only into discrete classes 
of ‘yes’ or ‘no’ patterns. Rather we are 
capable of identifying a continuity in the 
patterns. This tendency to perceive con¬ 
tinuity in patterns seems to rest not so 
much on our inability to demarcate them 
unambiguously as on a few basic features 
which inhere in and are associated with 
the patterns themselves. 

For instance. Garner^ created a set of 
126 designs by placing five dots in all 
possible combinations in a 3x3 matrix 
of cells and offered to the respondents 
to classify them as ‘good’ or ‘no’ patterns. 
He found that these designs were almost 
unambiguously classified as good, poor 
and intermediate categories (Figure 1). 
The only two designs identified as good 
were very specific in the sense that they 
looked the same either when they were 
rotated by 90" or when they were imaged 
in the mirror; in essence, they were highly 
symmetric and had no alternatives at all 
that can be generated by rotating them 
through 90" or by imaging them. On the 
other hand, those that were classified as 
poor changed their shape/form when 
rotated or mirror-imaged and accordingly 
generated a large set of alternative forms 
on such transformations (Figure 2). The 
intermediate designs had features in be¬ 
tween these two: they were less symmetric 
than the very good but more than the 
very poor ones and they had a few but 
more alternate forms than the very good 
designs. They concluded that good pat¬ 
terns are those which are unique, highly 
symmetric and hence have no alternatives, 
while poor patterns are those which have 
many alternatives. In fact, it is probably 
true that we feel a circle or a square a 
good pattern and an ink dot a poor pattern 
because there is only one way of writing 
a circle or square but may be a million 
ways of forming an ink dot. 

What is interesting and particularly 
noteworthy of these studies is that this 
feature of negative association between 
the ‘goodness’ of a pattern and the number 
of alternatives it can have was also shown 
to be tme even with temporal sequences 
such as a stretch of musical notes. These, 
temporal sequences could also be clas¬ 
sified unambiguously as very good, inter¬ 
mediate and poor. 

Thus, the ‘good’ or ‘poor’ gestalt of 
patterns seems to be a continuous feature 
(virtue) irrespective of whether they are 
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temporal or spatial patterns and that we 
indeed perceive them continuously. In 
other words, the patterns per se in nature 
do not seem to segregate on ±eir own 
into discrete or absolute classes of ‘yes’ 
or ‘no’ patterns. Thus, if scientists are 
recognizing always the ‘yes’ category, it 
is probably because of their instinctive 
desire to look for the existence of patterns, 
a desire cultivated due to their profession; 
science accepts them because it can sus¬ 
tain its growth on the existence of pat¬ 
terns. The claims of discovering ‘no’ or 
‘poor’ patterns are not as much rewarded 
in science as those of finding a ‘good’ 
pattern. 

This attitude seem to have led to a 
peculiar situation: neither the continuity 
of patterns has been accepted as a norm 
nor have we developed an objective line 
to delineate ‘good’ versus ‘poor’ patterns 
along this continuum*. Consequently, as 
the exploration of ‘good’ patterns leads 
to their exhaustion, scientists hunt for 
more; they struggle to squeeze out some 
pattern even in the intermediate and poor 
patterns and pool that also in to the ‘yes’ 
patterns category. One immediate result 
of such pooling of almost everything 
into the ‘yes’ patterns category is that 
we are hardly left with any ‘no’ patterns 
in nature. This is exemplified by the fact 
that we have a pattern even in the random 
movement of a particle: the root mean 
square displacement of a randomly mov¬ 
ing particle from its present position is 
proportional to square of the time^; in 
other words, there is a pattern even in 
its random movement. 

Another consequence of such a ten¬ 
dency of looking for patterns and increas¬ 
ing the size of the pool of ‘yes’ patterns 
is that scientists frequently alter their 
tools suitably in their frustrating search 
for patterns. They explore the whole reper¬ 
toire of explanations and/or tools that aid 
in forcing a pattern in what could other¬ 
wise be a messy world. They continuously 
dissect out, repeatedly attack and chip 
out chunks of details from the monolith 
of nature until they arrive at a pattern. 


*It might be argued that the statistical tests 
developed probably would do this job. But 
the statistical tests are applied to examine 
whether a ‘pattern’ observed or assumed along 
this continuum exists or not and not to delineate 
‘yes’ from ‘no’ patterns. In other words, the 
statistical tests would only assess whether pat¬ 
tern of a given degree exists at a given point 
along this continuum. 


* * 

* * * * 

• Hi * 


b 

* * * 
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* 
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* * 
* * 
* 


Hi * 
Hi Hi 
* 


Hi Hi * 
Hi 

Hi 


Hi Hi 
* 

Hi Hi 


Figure 1. Three categories of patterns 
identified by the respondents: a, good 
patterns: each of these remain the same 
when mirrored or rotated by 90*; b, in¬ 
termediate patterns: each of these will 
produce three other alternatives when mir¬ 
rored and rotated; c, poor patterns: each 
of these will produce seven equivalent 
patterns on reflecting or rotating by 90". 


formation would obviously involve a lot 
of hiding of variations (information) than 
is revealed through the establishment of 
a fractal relation. The only difference 
between a sculptor and a scientist is that 
the former has an initial pattern fixed 
while the latter starts chipping to arrive 
at a shape. One strong argument of the 
scientist in favour of his actions is that 
he is objective as he has not fixed the 
final shape as a sculptor would do. But 
too frequently, he has the final patterns 
fixed even when testing for a null 
hypothesis. While testing for the existence 
of a normal distribution, or fractal relation 
etc., his null hypothesis is indeed ‘it is 
not following normal’ or ‘it is not fol¬ 
lowing fractal’. In other words, he has 
imagined the final shape of things to 
come as much as a sculptor would have. 

Patterns and the processes 
generating them 


a 

* * 
* * 
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* 
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Hi Hi 
Hi Hi 
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Hi 
He Hi 
Hi Hi 


Hi 

He Hi 
* Hi 


Figure 2. Alternate forms produced by 
poor and intermediate patterns of Figure 
1: a, alternate forms of one of the inter¬ 
mediate forms; b, alternate forms of one 
of the poor patterns. 

We do not know how many such chips 
of information are discarded and con¬ 
sidered unimportant (noise) in the process 
of arriving at a final pattern. In other 
words, such a pattern is frequently forced 
to fit. 

The process of pattern finding in this 
sense is probably no different from a 
sculptor visualizing the final product in 
a monolithic stone and chipping it accor¬ 
dingly. Scientists just replace the sculpting 
tools with the statistical tools. Science 
abounds in such situations: testing for 
fractal relations which involve transform¬ 
ing the coordinates to log values is pos¬ 
sibly one such situation; such a trans¬ 


it is a general attitude of science to 
attribute an order-generating process to 
any pattern. As argued above, since 
science has been highly perceptive to the 
orderly part than to the random part of 
the nature, it has been the tradition of 
science to always look for processes that 
generate such an order. Consequently, 
randomness per se as a process is thought 
to be either incapable of, or rarely con¬ 
tributing to, generating patterns in nature. 
Appallingly, it is very infrequent that 
randomness is thought of as an alternative 
force generating the order. 

Consider a specific example of the 
following three sequences of heads and 
tails. 


HTHTHTHTHTHT... A 

HHTHHTHHTHHTHHT... B 

HHHTTHHTHTTTHTHHTHH 
HHHTTTH... C 

Clearly, sequences A and B are more 
orderly and we tend to generally think 
that there is a pattern in them but not 
so with C. Note that all these are, in 
fact, a subset of all possible permutations 
expected from an unbiased randomly 
behaving coin. This means that all the 
three can be generated by a single random 
process. On the other hand, let us imagine 
that there is a process that exclusively 
generates series A. Such a process cannot 
generate B and C without alteration while 
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a random process can generate all these 
without any alterations. Thus, it appears 
that ‘dice throwing’ (a random process) 
can generate all that is seen in nature, 
including all the ‘yes’ patterns, while an 
orderly process has limited consequences. 
The world of randomness can be exhaus¬ 
tive while that of orderly processes cannot 
be unless there are as many underlying 
processes as there are orders. And if the 
simplest of the explanation could be the 
best, we might have to consider random¬ 
ness as a more powerful process than 
science considers it to be. 

Let us consider an imaginary planet 
‘Binearth’ in which all the ‘Binets’, the 
four-segmented organisms are created ran¬ 
domly from binary digits 0 and 1. If one 
considers all the possible combinations 
(see below) and classifies them as ‘good’ 
or ‘poor’ patterns then clearly, a majority 
of them fall into the ‘good’ category 
(though the decision on some of them 
might be contested, a sample of 25 
postgraduate students indicated certain 
categorization from which a common con¬ 
sensus could be developed); clearly, 75% 
of these sequences (12 of the 16 marked 
bold below) can be shown to have some 
pattern. In fact, it is possible to argue 
reasonably as to why these are non-random. 

0000 0001 0011 0111 1111 1000 

1100 1110 1010 1011 1001 0110 

0101 0010 0100 1101 

Now let us imagine that only a fraction 
of these patterns have survived on this 
planet Binearth purely by a random 
process such that still 75% of them are 
non-random. Let us say a biologist from 
earth happens to study this planet and 
addresses the question ‘is the arrangement 
of the segments in the life forms on 
Binearth regulated by any orderly 


process?’. He is obviously likely to con¬ 
clude wrongly that life on this planet is 
not a consequence of random creation 
because among those alive there is a 
greater proportion representing non-ran¬ 
dom arrangement of Os and Is. This is 
especially true if the process of extinction 
has lead to a random drift towards bias 
in the patterned organisms such that the 
percentage of the patterned organism is 
more than that expected purely by a 
random process. Obviously, these scien¬ 
tists would be even reluctant to think of 
randomness as a force generating the 
order seen in that planet. 

It is clear to see that while the orderly 
process would, in fact, limit the diversity 
of the life forms, the random process 
results in a wide range inclusive of the 
non-random forms. The world of the ran¬ 
dom processes is more diverse and 
all-encompassing than that of an orderly 
process. Thus, if God likes to create 
diversity, he shall rather go for a random 
than for an orderly world. In fact, from 
an orderly world it is possible to eliminate 
randomness whereas it is difficult to elimi¬ 
nate order from a random world. This is 
reflected from the Ramsey theory. 

On the ‘Ramsey theory’, Graham and 
Spencer"^ wrote thus: Fran Plumton Ram¬ 
sey proved that complete disorder is an 
impossibility. Every large set of numbers, 
points or objects necessarily contains a 
highly regular pattern. Constellations and 
such patterns are implicit in any large 
structure, whether it is a group of stars, 
an array of pebbles or a series of numbers 
generated by throws of a die. Given 
enough stars, for instance, one can always 
find a group that very nearly forms a 
particular pattern: a straight line, a rec¬ 
tangle or for that matter a big dipper. In 
fact, the Ramsey theory states that any 


structure will necessarily contain an order¬ 
ly substructure ... implies that complete 
disorder is an impossibility. 

Could it be that a scientist sitting in 
such a random world is myopic for all 
the random part of it and only concentrates 
on the non-random component? That 
would be a tall claim. It is, however, 
likely that world could certainly be more 
random than we think it to be and the 
basic instinct of science to look for pat¬ 
terns for its own survival might be biasing 
our view of the world to be highly orderly. 
Finally, I am aware that the views ex¬ 
pressed here are certainly highly personal 
and to borrow the words of Dr. S. 
Chandrasekhar, 

‘I am clearly treading on dangerous 
ground. But it does provide me the oppor¬ 
tunity to draw attention to a fact which 
has been a source of considerable puz¬ 
zlement to me’. 

- S. Chandrasekhar 


1. Chandrasekhar, S., Truth and Beauty. Aes¬ 
thetics and Motivation in Science, Viking 
Penguin, New York, 1987. 

2. Garner, W. R. Am. ScL, 1970, 58, 4-42. 

3. Berg, H. C., Random Walks in Biology, 
Princeton University Press, New Jersey, 
1983. 

4. Graham, R. and Spencer, J. H., Sci. Am., 
1990, 263(1), 80-85 

ACKNOWLEDGEMENTS. This article is an 
outcome of the talk given during Avalanche-III 
meeting. I thank the members of Tuesday 
Group, Drs N. V. Joshi and M. K. 
Chandrashekar for their comments and sug¬ 
gestions on the ideas expressed here. 


K. N. Ganeshaiah is in the Department 
of Plant Genetics and Breeding, Univer¬ 
sity of Agricultural Sciences, G. K. V. K., 
Bangalore 560 065, India. 


SCIENTIFIC CORRESPONDENCE 


Comments on ‘Jasra-ultramafic-mafic alkaline complex: A new find 
in the Shillong Plateau, northeastern India’ (Curr. Set, 1994, 66, 64-65) 


I have the following comments on the 
above paper. 

1. Authors describe pyroxenite as the 
dominant rock unit of the complex 
(Abstract & Figure 1). Further, bulk of 
these are found to be ‘coarse-grained with 


euhedral diopsidic augite as their domi¬ 
nant component with sphere, calcite, mtile 
and perovskite...’ (para 3 of the text). 
The analyses of the two representative 
pyroxenite samples depicts 33.82 and 
38.82% Si02 and total iron nearly three 


times the MgO content (Table 1 of the 
paper). There are two major inconsisten¬ 
cies in the reported representative 
analyses. Pyroxenite has an average of 
46.27% Si02, which is significantly higher 
than that reported for the Jasra pyroxenite. 
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These rocks are described to be made 
up of 90% or more (by definition) of 
diopsidic augite. Diopside is Ca-Mg 
pyroxene while augite can be considered 
an intermediate member in the diopside- 
hedenbergite series. Considering (a) the 
average chemical composition of these 
pyroxenes^ and (b) the nature of rock 
(pyroxenite), the total iron content (and 
even FeO vs. MgO wt.%, which is > 1) 
in comparison to the MgO content does 
not tally with the described mineralogy. 
In this context it may be useful to note 
that Cameroon and Papike^ suggested the 
usage of pyroxene names such as Mg- 
augite or Fe-augite and these adjectival 
modifiers found favour with the recom¬ 
mendation of subcommittee of IMA on 
nomenclature of pyroxene"^. 

2. In a similar manner high iron content 
(FeO-0.40%; Fe203-4.87%) and relatively 
low MgO content (8.77%; Table 1) is 


reported for olivine gabbro, which has 
plagioclase and augite as major minerals 
(para 3 of the text). Olivine, in this rock, 
though constituting a minor mineral, 
depicts a very wide compositional range 
(FOjj-FOgj; method of determination not 
described). It may have petrogenetic sig¬ 
nificance as this preserved range of com¬ 
position will necessitate a quickly reacting 
solidification sequence. It will be inter¬ 
esting to find out if zoning is present in 
plagioclase and other associated mineral 
phases and what its nature is. 

3. Besides lacking in these details, 
some of the petrographic description is 
rather paradoxical. I quote; ‘The alkali 
pegmatite is a coarse-grained, leucocratic 
rock composed mainly of titanomagnetite, 
clinopyroxene and nepheline’ (para 4 of 
the text; lines 10-12). It is strange that 
in a leucocratic rock two of the three 
main minerals are dark-coloured. 


The paper on the whole is a welcome 
addition to the growing awareness of 
alkaline mafic-ultramafic associations in 
the rather difficult terrain of Shillong 
Plateau, Mikir hills region. 
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A note on the Megalithic cultural remains from the cist burials at 
Arippa in Kollam District of Kerala, South India 


Two cists burial excavations during May- 
June 1993 at Arippa in Kollam District 
of South Kerala (Figure 1) resulted in 
the discoveries of a large number of 
potteries, iron implements, ornaments of 


gold and copper, skeletal remains of 
humans and animals, a stone tool, and 
food materials (Figure 2). Ceramic types 
included various types of pots, bowls, 
cups, lotas, lids, wheel, etc. Iron imple¬ 


ments included swords, daggers, sickles, 
hoes, rods and knives. Ornaments inclu¬ 
ded three-slotted gold ear-rings and a 
copper bangle (Figures 3 and 4). 

The biological remains obtained during 
the excavation were found to be unique 
and included several pieces of adult 
human bones, cranium of a child, a few 
animal bones, and food grains. All the 
organic remains were found in various 
pots and bowls, which wer^ filled either 
with fine soil or sandy soil, or both. The 
organic remains were highly decayed and 
calcretized due to the water logging at 
the depth of 2 m, where the materials 
were found. The wetness of the soil at 
the site is felt even during the summer 
season. Above all, the acidic medium of 
the soil in the trench is indicated by the 
high level (5-6%) of acidity which 
probably might have caused the poor 
preservation of the organic remains. This 
may be one of the reasons for the poor 
preservation or absence of bones in most 
of the Megalithic sites in Kerala. How¬ 
ever, a good number of organic remains 
could be retrieved from the wet clay in 
the pots. 



Figure 1. Site map. 
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Figure 4. Copper bangle. 

s 

i 

I 

1 


Figure 2. Megalithic antiquities excavated from Arippa Cist Burial. 


Figure 5. Pots which had bones in them. 


Figure 3. Slotted gold ear-rings. 


The bones were found in three pots 
and in a bowl (Figure 5). The cranium 
of a child was found in a small pot and 
it had almost decayed, leaving only the 
mould form (Figure 6). It has been iden¬ 
tified as a human skull of a small child 
with the front part of the cranium, the 
left orbit supraorbital ridge, palate and 
vomer present. The other pots contained 
various pieces of bones, including aceta¬ 
bulum of the pelvic girdle. One of them 


has been identified as an animal bone 
resembling a temporal bone. Due to the 
poor preservation, most of the other pieces 
could not be identified. However, their 
occurrence especially only in pots 
definitely shows that they were intention¬ 
ally placed as a secondary or fractional 
burial. 

The rich material and organic remains 
from the Arippa cist burial point to the 
fact that the Megalithic people had strong 


Figure 6. Part of child’s cranium in the 
mould form. 

belief in ‘life after death’, and it has 
evidences even from the Mesolithic 
burials from other parts of the country*. 
One of the important aspects of this site 
is the occurrence of a human cranium of 
a child along with adult bones and animal 
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bones. Above all, the presence of food 
grains in almost every pot and the oc¬ 
currence of a large number of iron imple¬ 
ments, ceramic utensils and ornaments 
further confirm their belief that the soul 
of the dead might be offered most of 
their belongings. Such a belief in its 
prototype still exists in most of our 
societies. In India the Megalithic culture 
has existed from 1400 BC (ref 2) down 
to the present^. The material cultural 
remains of the Arippa cist burial, par¬ 
ticularly of various metal artefacts, show 
advanced technology in their making and 


probably represent a late phase of the 
Megalithic culture. 
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Growth of capabilities of India’s launch vehicles 


S. C. Gupta 


Need of different types of launch vehicles in the space programme of India is discussed. In 
the context of the successful missions of ASLV-D4/SROSS-C2 and PSLV-D2/IRS-P2, the growth 
of the capabilities of the launch vehicles is examined in terms of the accuracy of injection of 
satellites in orbits and the mass of satellites. 


Brilliantly successful missions of ASLV-D4/SROSS-C2 
and PSLV-2/IRS-P2\ in a short span of six months in 
1994 are amongst the most important milestones in 
India’s space programme and constitute gigantic achieve¬ 
ments for a wide spectrum of science, technology and 
industry community in the country. These systems were 
conceived, configured, developed, designed and built in 
India with extensive participation of the Indian industry 
and a high degree of self-reliance. The countdown 
preceding the launches, which comprises loading the 
liquid fuels and pressurant gases, arming the pyro-devices 
and computerized checking of the health of hundreds 
of on-board and ground support modules, proceeded 
smoothly and permitted the launches to take place within 
extremely narrow launch windows. The satellites, speci¬ 
ally IRS-P2, were injected into orbits with world-class 
accuracy. All these testify to the elegance of the system 
architecture, robustness of design, high quality of work¬ 
manship in fabrication and assembly and world-class 
performance of the vehicle subsystems. 

The main purpose of this brief article is to assess 
the improvement over the years in orbital injection 
accuracy and growth of the payload capability of the 
launch vehicles of ISRO. To provide the perspective, 
the different types of orbits, satellites and launch vehicles 
needed to realize the objectives of India’s space 
programme are described. The differences in the launch 
sequences and orbit injection methodologies used in 
ASLV and PSLV are explained. Pre-launch estimates 
and actual performance of the landmark missions, namely, 
SLV-3-D2, ASLV-D4 and PSLV-D2 are discussed to 
assess the improvement in orbital injection accuracy. 
Finally, the actual and projected capabilities of the 
vehicles for different orbits are presented to bring out 
the growth in payload capabilities. 


Space programme objectives and launch vehicles 
needs 

As is well known, the major objectives of India’s space 


programme are to use space technology to strengthen 
the infrastructure in the country for weather monitoring 
and forecasting, communications and natural resources 
monitoring and management. The chosen pathway to 
these objectives is through progressive self-reliance. 
Accordingly, a related objective is to conduct research 
and development in space science and technology. To 
realize these objectives, suitable satellites need to be 
placed in their specific orbits, namely, low earth orbits 



VEHICLE 

SLV-3 

ASLV 

PSLV 

GSLV 

GROSS UFT-OFF 
WEIGHT 

17t 

39 t 

275 t 

400t 

MAX. DIA 

1.0 m 

1.0 m 

2.8 m 

2.8 m 
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22.0 m 

23.5 m 

44.0 m 

51.0 m 

No. OF STAGES 

4 

5 

4 

3 

PROPELLANTS 

SOLID 

SOLID 

SOLID 4 
LIQUID 

SOLID. 

LIQUID 4 CRYO 

GUIDANCE 

OPEN LOOP 
INERTIAL 

CLOSED-LOOP 

INERTIAL 

CLOSED-LOOP 
. INERTIAL 

CLOSED-LOOP 

INERTIAL 

ORBIT 

INJECTION 

SPIN 

STABILIZED 

SPIN 

STABILIZED 

3-AXIS 

STABILIZED 

3-AXIS 

STABILIZED 

ORBIT 

LEO 

LEO 

SSO 

GTO 

MAIN PAYLOAD 

ROHINI 40 kg 

SROSSISOkg 

IRS 1000 kg 

INSAT 

2000-2500 kg 

PRIMARY 

MISSION 

SPACE 
SCIENCE & 
TECHNOLOGY 

SPACE 
SCIENCE & 
TECHNOLOGY 

REMOTE 

SENSING 

COMMUNI¬ 
CATION 4 
METEOROLOGY 

DEVELOPMENT 

PERIOD 

1972-1983 

1982-1994 

1982-1995 

1991-1998 
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Research Organisation, ISRO PO, Thiruvananthapuram 695 022, India Figure 1. ISRO launch vehicles and missions. 
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(LEO), sun-synchronous orbits (SSO) and equatorial 
geo-stationary transfer orbits (GTO) as depicted in Figure 
1. As the size and calibre of the vehicle to launch the 
various types of satellites in different orbits are different, 
ISRO needs to have in its stable different types of 
launch vehicles. Of course, one large vehicle can, in 
theory, service all the requirements once the development 
is completed. However to use a large launch vehicle 
for a mission which can be performed by a smaller 
launch vehicle is neither efficient nor cost-effective, 
unless there is a real need for putting a number of such 
satellites in orbit in one launch. In any case, the ab 
initio development of technologies needed for launch 
vehicles and forced on ISRO by international restrictions 
and the absence of substantial expertise in the country 
requires going through a few carefully planned steps 
from the small to the large vehicles. 

Figure 1 also gives the various types of satellites and 
the corresponding launch vehicles along with their 
general characteristics and approximate period of deve¬ 
lopment. The figure brings out the increase in the variety 
of propellants used, from solid only in SLV-3 and ASLV 
to solid and liquid in PSLV and, finally, to solid, liquid 
and cryo in GSLV. In the guidance area switchover 
from open-loop inertial to the more sophisticated closed- 
loop inertial may be noted. Similarly, the adoption of 
the expensive but more accurate three-axis stabilized 
orbital injection technique in PSLV and GSLV in place 
of the economic but less accurate spin-stabilized injection 
method in SLV-3 and ASLV may be noted. A progressive 
reduction in the number of stages to improve the 
reliability and vehicle preparation effort is also note¬ 
worthy. In the case of geostationary satellites, the job 
of the launch vehicle is generally over once the satellite 
is injected into GTO. Hence, the geostationary satellite 
launch vehicles are configured for a GTO mission. The 
apogee kick motor (AKM) on-board the satellite takes 
it from GTO to GSO (geostationary orbit) through 
ground-based orbit tracking and telecommand. 

Guidance and orbit injection technique 

The launch sequence and trajectory of a mission are 
designed to achieve the required orbital injection con¬ 
ditions, namely, the altitude and the magnitude and 
direction of velocity of the satellite at the burn-out of 
the last stage of the vehicle. Optimization is attempted 
to maximize the satellite mass while respecting the range 
safety considerations and the maximum limit prescribed 
for the loads on the vehicle structure during the flight 
under the expected wind conditions and auto-pilot opera¬ 
tions. One important result of the launch sequence and 
trajectory design is the vehicle attitude variation required 
to be implemented in flight, known as the vehicle 
attitude programme (VAP), from lift-off to injection. A 


typical VAP of the three components of vehicle attitude, 
namely, pitch, yaw and roll, is shown in Figure 2. In 
the open-loop guidance scheme, this programme is deter¬ 
mined before launch and stored on-board the vehicle 
and implemented as it is during the flight. Variation in 
flight from the preflight estimates of the performance 
of the propulsion and control systems and aerodynamics 
may cause deviations in the injection conditions. In the 
open-loop guidance these deviations are left uncorrected, 
whereas in the closed-loop guidance the VAP is calcu¬ 
lated in flight, amounting to these deviations being 
detected on-board and corrected in real time, resulting 
in higher accuracy in the orbit so achieved. To execute 
closed-loop guidance, the position and velocity of the 
vehicle has to be measured during the flight, preferably 
by an on-board autonomous navigation system, and the 
vehicle attitude programme update is continuously cal¬ 
culated by the guidance algorithm with the help of 
on-board computers. Navigation and closed-loop 
guidance systems are sophisticated and are used only 
when closed-loop guidance is essential. Obviously, the 
navigation and VAP update systems are not needed in 
open-loop guided vehicles. It may be noted that during 
the atmospheric phase of the flight, i.e. up to an altitude 
of about 30 km, generally, open-loop guidance is adopted 
in all vehicles and missions. 

The equipment bay (EB) of a vehicle, dubbed as the . 
‘brain^ of the vehicle, houses the inertial navigation, 
auto-pilot and guidance computers, telemetry, tracking 
and other avionics system of the vehicle. The EB has 
considerable mass comparable to that of the satellite. 



Figure 2. A typical vehicle attitude program. 
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If the orbital injection is to be achieved with a high 
degree of accuracy, as demanded by the IRS and INSAT 
class of satellites, the vehicle has to remain in closed-loop 
guidance and three-axis stabilization mode till the satellite 
is injected into the orbit; this usually requires termination 
of the thrust of the last-stage motor. This implies that 
the EB is retained till orbital injection and is indeed 
in the same orbit as the satellite. Of course, the EB is 
generally deorbited after satellite separation, but the 
mission would have already paid a heavy payload penalty, 
nearly equal to the mass of the EB, to achieve the orbit 
accuracy. Figure 3 shows a typical launch sequence of 
a three-axis-stabilized and guided injection mission. As 
already mentioned, this technique is used for the PSLV 
missions and will also be used for the GSLV missions. 

If the specification of the accuracy of orbital injection 
can be relaxed, a simpler and payload promotive tech¬ 
nique could be used. In this technique, the guidance is 
terminated at the separation of the penultimate stage of 
the vehicle, which takes place at the end of a long 
coast phase following the burn-out of the penultimate- 
stage rocket motor. Before the separation, the vehicle 
is oriented in the desired direction and in some cases 
the last stage and the satellite combination mounted on 
a spin table are first spun up and then separated. 
Alternatively, the last stage and satellite combination is 
first separated and then immediately thereafter spun up. 


The last stage is then ignited and at its burn-out orbital 
conditions are reached. Separation of the last stage from 
the satellite completes the work of the vehicle and the 
satellite is in orbit. Thus, in this technique the EB is 
needed only till the separation of the penultimate stage 
and the last stage is not burdened with the extra mass 
of the EB. Hence, higher payload becomes available. 
However, since the deviation in orbital injection con¬ 
ditions due to various reasons remains unattended, the 
injection accuracy is inferior to the guided injection 
accuracy. Figure 4 shows a typical launch and orbit 
injection sequence using this technique. As mentioned 
earlier, this technique is used for the SLV-3 and ASLV 
missions. 

SLV-3 used open-loop guidance throughout the flight, 
whereas ASLV used closed-loop guidance from the 
second core stage ignition till the burn-out of the third 
core stage. 

Improvement in orbital injection accuracy 

Figures 5-7 give some relevant details in respect of 
orbit injection performance of the missions of SLV-3-D2, 
ASLV-D4 and PSLV-D2. The pre-flight estimates of 
the nominal (target) orbits and 3 -ct dispersions are given. 
Also given are the orbits actually achieved and the 
deviations in case of SLV-3-D2 and ASLV-D4 in terms 
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Launch Date - April 17, 1983 

Payload - ROHINI ~ D2; 41 kg 

Nominal Orbit - 436 x 1021 km 

Estimated 3 sigma dispersions: 

Perigee - 62 km 

Apogee - 232 km 

Actual Orbit - 388 x 851 km 

Ahp* - 436-388= 48 km as 2.3 sigma 
Aha* ~ 1021-851=170 km as 2.2 sigma 

*hp = perigee altitude; ha = apogee altitude 

Figure 5. SLV-3-D2 mission. 


Launch Date - May 4, 1994 

Payload - SROSS C2; 113.4 kg 

Nominal Orbit - 423 x 747 km; i=45.7 deg 


Estimated 3 sigma dispersions: 
In hp - 18 km 

" ha - 253 km 


" i* 


0.63 deg 


P.O.D at T+400 sec 439x938 km; i = 45.7 deg 
(AS3 Separation at 
485 sec) 

P.O.D at T+35 Min. 437x938 km; i = 46.05 deg 
Ahp = 437 - 423 = 14 km - 2.3 sigma 
Aha = 938 - 747 = 191 km 2.3 sigma 
Ai == 46.05 deg - 45.7 deg = 0.35 deg - 1.7 sigma 


*i = inclination 


Figure 6. ASLV-D4 mission. 


of the standard deviation. It is interesting to note that 
the dispersions in perigee and apogee achieved for both 
SLV-3-D2 and ASLV-D4 are at nearly 2.3-0 level. It 
may be noted that keeping the 3-a deviations in apogee 
nearly the same, the deviations in perigee were brought 
down from 62 km in SLV-3-D2 to 18 km in ASLV-D4. 
SLV-3 did not have a specification on orbit inclination, 
whereas ASLV had, and the achieved dispersion was 
1.7-a. 

In the case of PSLV-D2, the injection accuracy is 
specified in a more direct manner. The target orbit 
being a sun-synchronous orbit, i.e. specific altitude and 
inclination values, the orbit imparted by the launch 
vehicle is corrected by the satellite-borne propulsion 
system. The accuracy of orbital injection achieved by 
a launch vehicle is measured in terms of the velocity 
correction to be made by the propulsion system of the 
satellite to achieve the desired orbit. Generally, even in 
a precise sun-synchronous orbit the argument of perigee 
keeps on varying. In order to simplify the processing 
of the imaging data, it is useful to freeze the perigee 
by an additional velocity correction^. However, the frozen 
perigee has been implemented for the first time in IRS 
missions for IRS-P2. Hence, to facilitate comparison of 
injection accuracy of IRS-P2 with that of IRS-IA and 
IRS-IB, which were launched by world-class foreign 
vehicles, the corrections needed to achieve only the 
sun-synchronous orbit are compared. Figure 7 gives the 
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Launch Date - Oct. 15, 1994 

Payload - IRS-P2; 804.2 kg 

Nominal Orbit - 823 x 838 km; i = 98.77 deg 

Estimated 3 sigma dispersions: 

Perigee/Apogee - 35 km 

Inclination - 0.2 deg 

P.O.D at Injection - 806 x 872 km; i = 98.6 deg 
Orbit determination} 

after 16 hrs. of }801.35x874.65km;i = 98.695 deg 
tracking data } 

^ V to achieve Sun-Synchronous Orbit 

for IRS-P2 = 11 m/s (= 23 m/s for frozen perigee) 

" " for IRS-IA * 17 •' 

" " for IRS-IB = 27 " 

Figure 7. PSLV-D2 mission. 


Payload (kg) 

Vehicle Configuration - 

LEO SSO GTO 




(400 km 
circular) 
i=45 deg 

(817 km) 


SLV-3 

S9+S3+S1+S0.3 

40 

- 

- 

ASLV 

2S9+S9+S3+S1+S0. 

.3 125 


- 

PSLV 

<2+4)S9+S129+ 

L37.5+S7+L2 

2600* 

850 

400* 

GSLV 

4L40+S129+ 

L37.5+C12 

5400* 

2400* 

2200* 


* Projected capability 

Figure 8. Payload capability of ISRO launch vehicles. 

velocity corrections, AV required to achieve sun- 
synchronous orbit for IRS-P2, IRS-IA and IRS-B. The 
value of 11 m/s required for IRS-P2 compares quite 
impressively with the values of 17 m/s and 27 m/s 
required for IRS-IA and IRS-IB, respectively. 

While it is recognized that the data cited above do 


not constitute statistical adequacy, the low dispersion 
values achieved in terms of standard deviations and 
comparability with world-class precision are considered 
significant. 

Growth of payload capabilities 

Figure 8 gives the nominal payload capabilities of 
SLV-3, ASLV and PSLV for their main missions^ It 
also gives the projected payload capabilities for the 
different missions which become feasible to be launched 
by modifying only the VAP and guidance software. It 
is interesting to note that the LEO capability has grown 
from 40 kg for SLV-3 to 125 kg for ASLV and 2600 
kg for PSLV. Also, GSLV will be able to provide 
nearly 3 times the present PSLV capability in SSO and 
over 2 times the projected PSLV capability in LEO. 
These capabilities can serve the Indian Space Programme 
for a long time. 

Conclusion 

In addition to giving a brief explanation of the role of 
the launch vehicles in India’s space programme, a bird’s 
eye view of the various missions and launch vehicles 
is given. Using the mission performances of the landmark 
launches of SLV-3, ASLV and PSLV, progressive im¬ 
provements in the orbital injection accuracy are ex¬ 
amined. Injection accuracy of PSLV-D2 imparted to 
IRS-P2 is compared with that of IRS-IA and IRS-IB 
to conclude that PSLV-D2 achieved world-class accuracy. 
The growth of payload capability is also examined for 
the LEO and SSO missions. 


1. India’s first Polar Satellite IRS-P2 launch by PSLV-D2, Cum ScL, 
1994, 67, 565-570. 

2. Communication from Shivakumar, MPAX), ISAC. 

3. Gupta, S. C., Launch vehicle technology development in ISRO, 
talk at Astronautical Society of India, meet at Trivandrum, 28th 
Jan. 1994. 
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Thiol/disulphide exchange reaction: A key 
regulatory process in biological systems 

Amitabha Chaudhuri 

Department of Biochemistry, Indian Institute of Science, Bangalore 560 012, India 

Present address: Institute of Microbial Technology, Post Box No. 1304, Sector 39A, Chandigarh 160 014, India 


Cysteine residues in proteins serve many important 
functions such as stabilizing and maintaining the three- 
dimensional conformation of many proteins\ in enzyme 
catalysis, as a residue undergoing post-translational 
modification^ and in the formation of DNA-binding 
domain of a class of transcriptional activators^. It is 
also involved in biological redox coupling"^ and 
xenobiotic metabolism^. Disulphide bonds formed by 
oxidation of cysteine residues have been used as a 
probe to study the structure/function relationships of 
proteins. Introducing novel disulphide bonds in 
proteins to increase their thermal stability and, there¬ 
fore, the shelf life is an important goal of protein 
engineering^’ In addition, the thiol group of cysteine 
residue participates in a reaction termed as thiol/di¬ 
sulphide exchange reaction, the biological significance 
of this reaction being the theme of this review. 


one of the two active site thiols of thioredoxin reductase^ 
has a of 7.0 while that of lipoamide dehydrogenase^ 
is < 5.5. Such alteration in the of protein thiols has 
been attributed to the presence of a positively charged 
centre that stabilizes the thiolate anion electrostatically. 

Charge and steric factors 

Thiol/disulphide reaction is a bimolecular reaction and 
therefore the reaction between a thiol and a disulphide 
compound of opposite charge is expected to be faster 
than a comparable reaction involving neutral molecules. 
For example, the rate constant for the reaction of thiolate 
anions of mercaptoethanol (-1 charge, 9.6) and 
thioglycolate (-2 charge, pAT^ 9.8) with GSSG differ by 
1.3-fold^^. Studies by Szajewski and Whitesides^^ on the 


Thiol/disulphide exchange reaction is a reversible transfer 
of reducing equivalents between a thiol/disulphide pair. 
This process induces covalent modification of proteins 
by oxidizing cysteine residues in them. Free sulphydryl 
groups in proteins can get oxidized by reacting with 
disulphides to form a mixed disulphide. The presence 
of another reactive sulphydryl group in near proximity 
can lead to the formation of an intramolecular disulphide 
bond. By the same mechanism, isomerization of disul¬ 
phide bonds within a protein or between two proteins 
can occur. The possible outcomes of thiol/disulphide 
exchange reaction involving cysteine residues in proteins 
are shown diagrammatically in Figure 1. 

The rate of thiol/disulphide exchange reaction is depen¬ 
dent on various parameters. 


pH 

Since the initiation of a thiol/disulphide exchange reaction 
involves a nucleophilic attack by the thiolate anion (S’), 
the ionization of the reacting sulphydryl group is 
important. Also, since thiol groups have a pA^^ in the 
alkaline range, the reaction is favoured in an alkaline 
pH. Conversely, any factor that decreases the pAT^ of a 
thiol group will alter the rate of the reaction. The 
sulphydryl groups in proteins show wide variation in 
their pAT^ from the typical value of 8.5. For example. 




Figure 1. Fate of protein thiols and disulphides in the presence of 
oxidized (GSSG) and reduced (GSH) glutathione. Conformational change 
in the protein has been envisaged during intramolecular disulphide 
bond formation or intramolecular isomerization of disulphide bond. 
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factors that contribute to the rates of thiol/disulphide 
exchange reaction indicate deviations between observed 
rate constants and those predicted from p^^^ values alone. 
Such deviations are relatively small (< 10-fold). However, 
the effect of charge and binding interactions play a 
dominant role in determining the rate of thiol/disulphide 
exchange reactions involving proteins. The following 
observations support such a conjecture: 

(a) the free thiol group in bovine serum albumin reacts 
with a series of charged or uncharged disulphides at 
different rates that varied 150,000-fold^‘; 

(b) the reaction between GSSG and the dithiol at the 
active site of yeast glutathione reductase is 10^-fold 
faster than what is expected from reactions involving 
small molecules; 

(c) the rate of inactivation of HMG-CoA reductase by 
GSSG at pH 7.0 is 100-fold faster than what is expected 
for a reaction between small molecules‘^. Such large 
differences in the observed rates can be attributed to 
binding, and/or charge interaction between protein thiols 
and low molecular weight disulphides. 

Entropy 

Entropy plays an important role in determining the rate 
of thiol/disulphide exchange reaction in proteins, espe¬ 
cially when it leads to the formation of intramolecular 
disulphide bonds. The formation of intramolecular disul¬ 
phide bond from a dithiol involves two steps, as shown 
in Figure 1. The first step is the formation of a mixed 
disulphide and the second step is an intramolecular 
reaction between the free thiol and the mixed disulphide 
to give the intramolecular disulphide bond. The rate of 
the second reaction is influenced by the translational 
and rotational entropy barriers around the free thiol 
group and the mixed disulphide. If the free thiol and 
the mixed disulphide are in close proximity and are 
also placed in a rigid region of the protein molecule, 
the rate of formation of disulphide bond will be enhanced. 
Conversely, if the thiol groups are present in a flexible 
region of the protein molecule, the rate of disulphide 
bond formation will be lowered. 

Thiol/disulphide exchange reaction alters the oxidation 
states of cysteine residues in a protein, thereby keeping 
them either in the reduced or in the oxidized forms. If 
these forms of a protein assume different conformations, 
the alteration in the conformation is likely to be asso¬ 
ciated with changes in its biological activity. This is 
the basis of regulation by the thiol/disulphide exchange 
reaction, as was first suggested by Guzman-Baron^^. A 
considerable amount of evidence from various systems 
have supported this hypothesis. The occurrence of 
thiol/disulphide exchange reaction in the cell necessitates 
the presence of active thiols and disulphides, which are 
the key players in the exchange reaction, as shown in 


Figure 1. These active thiols and disulphides constitute 
the cellular redox buffer. 

Cellular thiol/disulphide redox bujfer 

A thiol/disulphide redox buffer constitutes any redox- 
active thiol or dithiol that is present in both the thiol 
and the disulphide oxidation states. By virtue of being 
either in the reduced or in the oxidized states, a 
thiol/disulphide buffer functions to maintain or modulate 
the cellular redox status. The redox-active thiol or 
disulphide can be part of low molecular weight com¬ 
pounds or proteins. 

The most abundant thiol/disulphide redox buffer is 
reduced and oxidized glutathione (GSH and GSSG) 
respectively, which is present in most cells including 
mammals, plants and aerobic bacteria^"^. In halobacteria 
the reduced and oxidized forms of y-glutamyl-cysteine 
constitute the cellular-redox buffer*^, whereas in trypano¬ 
somes it is trypanothione, a conjugate of glutathione 
and polyamine’^. Besides low molecular weight com¬ 
pounds, a class of proteins, thioredoxins and gluta- 
redoxins constitute a thiol/disulphide redox buffer which 
is important in normal cellular functions. The role of 
these proteins is discussed later. The importance of 
thiol/disulphide exchange reaction in biological systems 
is discussed below. 

Biological significance of the thiol/disulphide 
exchange reaction 

Folding of proteins 

Proteins render their services by virtue of their unique 
three-dimensional conformation. The process through 
which an unfolded polypeptide chain attains a three- 
dimensional conformation is referred to as protein fold¬ 
ing. Since the sequence of amino acids in a protein (its 
primary structure) dictates the final conformation (the 
tertiary structure), it means that the pattern of inter-amino 
acid interactions which hold any protein in its native 
form is highly conserved. In this regard proteins having 
disulphide bonds face a unique problem during folding. 
Since disulphide bonds can be formed between any two 
cysteine residues, a protein with more than two cysteine 
residues can form disulphide bonds in many different 
combinations. Therefore, as the number of cysteine 
residues in a protein increases, the probability of forming 
the correct combination of disulphide bonds becomes 
less. How do proteins circumvent this problem during 
folding? This question has been clarified from the 
pioneering work of Creighton‘S on the folding of bovine 
pancreatic trypsin inhibitor (BPTI) in vitro. 

BPTI has six cysteine residues which form three 
disulphide bonds [30-51; 5-55; 14-38]. During the 
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folding of BPTI, the protein undergoes a series of 
intramolecular thiol/disulphide exchange reactions till 
the correct combination of disulphide bonds is produced. 
Especially interesting was the observation made by 
Weissman and Kim'^ that the pro-region of BPTI plays 
a significant role in the folding of the protein in vitro. 
In the folding of BPTI the rate-limiting step is the slow 
intramolecular rearrangement of a native two-disul¬ 
phide intermediate [30-51; 14-38] into a more stable 
native intermediate [30-51; 5-55]. The presence of the 
pro-region circumvents this rate-limiting rearrangement 
process, allowing direct formation of three disulphide 
bonds. Also, during the folding of BPTI, about 50% 
of the molecules accumulate as a kinetically trapped 
dead-end intermediate containing two native disulphide 
bonds [5-55; 14-38]. This intermediate is unable to 
form the third disulphide bond between Cys-30 and 
Cys-51 because these residues get buried in the protein 
molecule^^. In the presence of the pro-region this inter¬ 
mediate does not accumulate, resulting in an increase 
in the yield of the mature protein. The important role 
that the pro-region plays in the folding of BPTI is due 
to a cysteine residue in it, which facilitates intramolecular 
thiol/disulphide exchange reaction. 

This isomerization of disulphide bonds in a protein 
is catalysed by protein disulphide isomerase (PDI) 
in vivo^^\ PDI is present in very high concentrations 
(mM level) in the lumen of the endoplasmic reticulum 
where the folding of secretory proteins is completed. 
Studies in vitro have demonstrated that PDI has a very 
high affinity for cysteine-containing peptides. Further, 
two of the six cysteine residues in PDI which take part 
in the thiol/disulphide exchange reaction have a of 
6.7, indicating greater reactivity at the physiological pH. 
The notion that PDI may be essential for the folding 
of proteins in the endoplasmic reticulum came from the 
work of Bulleid and Freedman^\ They observed that 
dog pancreas microsomes depleted of their luminal con¬ 
tents, including PDI, were able to translate and translocate 
a plant storage protein Y-gliadin, but were unable to 
support their proper folding into the native form. More 
direct evidence regarding the significance of PDI in vivo 
was revealed from the genetic manipulation of PDI 
expression in Saccharomyces cerevisiae. Repression or 
disruption of PDI gene resulted in the formation of 
non-native disulphide bonds in carboxypeptidase 
Conversely, overexpression of PDI in yeast resulted in 
a 24-fold increase in the secretion of a highly disulphide 
bonded protein antistasin from Mexican leech saliva^^. 

Thermoinactivation of proteins 

Proteins subjected to high temperatures lose their native 
conformation and become largely disordered due to 
extensive co-operative intramolecular motions, resulting 


in thermo-inactivation. For an enzyme this process results 
in loss of catalytic activity. Proteins containing free 
cysteine residues or disulphide bonds undergo incorrect 
structure formation due to thiol/disulphide exchange reac¬ 
tion. Such reactions can be prevented by heating the 
protein in the presence of A-ethyl maleimide or other 
thiol-scavenging chemicals. Zale and Klibanov^'^ reported 
that the irreversible loss of activity of ribonuclease A 
at 90“C was significantly lower when thiol-scavenging 
compounds are included in the reaction mixture. As 
discussed earlier, thiol/disulphide exchange reaction 
involves a reaction between a thiol and a disulphide. 
At high temperatures, thiols are generated as a by-product 
from the destruction of disulphide bonds in proteins by 
a process known as (i-elimination. Thiols generated by 
this process can initiate thiol/disulphide exchange reac¬ 
tion, resulting in the formation of scrambled structure 
in proteins^^. 

Bacterial metabolism 

Regulation of enzyme activity by thiol/disulphide 
exchange reaction in Escherichia coli was first elucidated 
by Thelander et in the course of their work on 
ribonucleotide reductase. This enzyme catalyses the 
reduction of ribonucleotides to their corresponding 
deoxyribonucleotides and is essential for the survival of 
the organism. The enzyme was found to be inactivated 
in purified preparations. The inactive enzyme could be 
reactivated by reductants such as dithiothreitol or reduced 
lipoic acid. The cellular hydrogen donor for ribo¬ 
nucleotide reductase was identified to be a redox-active 
protein, thioredoxin. Reduced thioredoxin reduces a dis¬ 
ulphide bond in inactive ribonucleotide reductase by 
thiol/disulphide exchange reaction. Oxidized thioredoxin 
is then reduced by NADPH in the presence of thioredoxin 
reductase and the next cycle is initiated. Thioredoxin 
has since been shown to serve different functions in E. 
colU besides activating ribonucleotide reductase. The 
finding that thioredoxin-deficient strains of E. coli could 
synthesize deoxyribonucleotides as efficiently as the 
wild-type bacteria led to the discovery of a second 
redox-active protein, glutaredoxin. The glutaredoxin sys¬ 
tem differs from the thioredoxin system in that it utilizes 
reduced glutathione as the reductant instead of NADPH. 
The thioredoxin and glutaredoxin systems form an 
important control mechanism for the regulation of 
enzyme activities by the thiol/disulphide exchange 
reaction^^. 

Thiol/disulphide exchange reactions also play an 
important role in regulating the response of Salmonella 
typhimurium and E. coli to oxidative stress. The inducible 
defence mechanism to counter oxidative damage in these 
bacteria involves the synthesis of catalase, superoxide 
dismutase and peroxidase which protect the cell from 
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reactive oxygen species. The genes of these enzymes 
are positively regulated by a protein oxy-R. Storz et 
showed that the oxy-R protein can switch between a 
reduced and an oxidized form by the oxidation/reduction 
of essential cysteine residues. The oxidized protein acts 
as a transcriptional activator inducing the expression of 
genes involved in the defence mechanism. By this 
process, the response time for induction of specific 
genes is reduced since the protein itself acts as a 
transducer in response to signals generated during oxida¬ 
tive stress. 

Plant metabolism 

The primary biochemical reaction that generates biomass 
in our biosphere is photosynthesis. This light-dependent 
process, occurring in the chloroplasts, generates sucrose 
from atmospheric CO 2 and NADPH via a series of 
sequential enzymatic reactions known as the Calvin 
cycle. Why are chloroplasts unable to fix CO 2 in the 
dark? One reason is the lack of NADPH which is 
generated only in light. However, a convincing body 
of evidence indicates that key enzymes of the Calvin 
cycle are kept inactive in the dark and are activated 
only in light. The regulatory role of light in the activation 
of key enzymes is mediated by thiol/disulphide exchange 
reaction via the ferredoxin/thioredoxin system^^. Ferre- 
doxin is a component of the photosynthetic electron 
transport chain that transduces light energy into chemical 
energy by accepting electrons generated by light from 
photosystem I. The reduced ferredoxin, besides channe¬ 
lizing its reducing power for the generation of NADPH, 
also transfers electrons for the reduction of a disulphide 
bond in thioredoxin. This reduction is catalysed by an 
enzyme ferredoxin-thioredoxin reductase. The reduced 
thioredoxin then reduces essential disulphide bonds^in 
fructose-1,6-bisphosphatase, seduheptulose-1,7-bisphos- 
phatase and phosphoribulokinase, which are the key 
enzymes of the Calvin cycle. In the dark, the non¬ 
availability of reduced thioredoxin keeps these enzymes 
in an inactive form, thus ensuring the operation of the 
Calvin cycle only in light. 

Animal metabolism 

In animal systems, metabolic regulation involving 
thiol/disulphide exchange reaction is due to the tripeptide 
glutathione (y-glutamyl-cysteiny 1-glycine), which exists 
in the cell in reduced (GSH) and oxidized (GSSG) 
forms. GSH promotes reduction of oxidized cysteine 
residues in proteins whereas GSSG promotes their oxida¬ 
tion. By their reciprocal effects these compounds maintain 
protein thiols either in their reduced or in their oxidized 
states. The reduced and the oxidized states of cysteine 
residues in protein will be dependent both on the relative 

CURRENT SCIENCE, VOL. 68,'nO. 7,10 APRIL 1995 


amount of GSH and GSSG in the cell and on the 
kinetic and thermodynamic properties of the thiol groups 
involved. The role of thiol/disulphide exchange reaction 
in the regulation of enzyme activities was elucidated 
following the perturbation of thiol/disulphide balance by 
chemicals that oxidize glutathione such as butthionine 
sulfoximine^^ or diamide^^ Such studies have indicated 
that concomitant with the change in the cellular envi¬ 
ronment from reducing to oxidizing, there is a stimulation 
of glycogen hydrolysis and inhibition in glucose oxidation 
by the glycolytic pathway^^. The results of these artificial 
perturbation experiments supported the observed in vivo 
changes in the level of glutathione in the liver cells 
after starvation or high diet and the changes in enzyme 
activities associated with it . These experiments provided 
circumstantial evidence that alteration in the cellular 
redox status can, in fact, alter metabolism by changing 
the activities of the catalytic enzymes. Several enzymes 
of sugar metabolism such as phosphorylase phosphatase, 
phosphofructokinase, pyruvate kinase and glucose-6- 
phosphatase were found to be regulated by thiol/disul¬ 
phide exchange reactions m vitro^^. 

Unlike the plant system, wherein thiol/disulphide 
exchange reaction is primarily involved in the light/dark 
regulation of the Calvin cycle, the contribution of this 
reaction in the regulation of animal metabolism is still 
circumstantial. The main reasons for this are: 

(a) in animals the regulatory switching is not an all- 
or-none phenomenon, unlike in plants; 

(b) many of the enzymes in animals that are regulated 
by thiol/disulphide exchange reaction are also regulated 
by other mechanisms such as phosphorylation/dephos- 
phorylation, binding of specific ligands, and hormones and 
therefore their individual contribution in the regulation of 
enzymes is uncertain. However, it is important to analyse 
the enzymes that are regulated by the exchange reaction 
in vitro and the effect of activation/inactivation of these 
enzymes in the regulation of metabolic pathways in vivo. 

Enzymes regulated by thiol/disulphide exchange reac¬ 
tion fall into two classes, those which are activated by 
GSH and inactivated by GSSG and others which are 
activated by GSSG and inactivated by GSH. The 
enzymes belonging to the first category require free SH 
group(s) for activity while those of the second category 
become catalytically active when their SH-groups are 
oxidized. Therefore, the effect of a high GSH/GSSG 
ratio on these two groups of enzymes will be opposite. 
The enzymes of the first group will remain active, while 
the members of the second group will be inactive. If 
these two groups of enzymes occupy control points of 
metabolic pathways, these pathways can be regulated 
by changing the GSH/GSSG ratio. A few examples are 
now drawn from the literature to highlight this point: 

(1) The activities of phosphofructokinase and fructose- 
1,6-bisphosphatase switch carbohydrate metabolism between 
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glycolysis and gluconeogenesis^"^. These two enzymes 
are reciprocally regulated by thiols and disulphides. 
Phosphofructokinase is inhibited by GSSG^^ but fruc¬ 
tose-1,6-bisphosphatase is activated by GSSG^^. There¬ 
fore, at high GSH/GSSG ratio the flux of glucose 
through glycolysis will be higher than at low GSH/GSSG 
ratio. The effect will be reversed in the case of 
gluconeogenesis. 

(2) The regulation of hexokinase and glucose-6-phos- 
phatase prevents uncontrolled hydrolysis of ATP^^. 
Thiol/disulphide exchange reaction may play an important 
role in this regulation since hexokinase is positively 
regulated by thiols^^ and the activity of glucose-6-phos- 
phatase is stabilized by GSSG, although indirectly^^. 

(3) Leukocyte collagenase, which plays an important 
role in phagocytosis is activated by the dissociation of 
an inhibiting peptide. The dissociation is initiated by 
disulphides via thiol/disulphide exchange reaction''^. This 
mechanism of activation becomes physiologically sig¬ 
nificant in view of the fact that during phagocytosis, 
leukocytes accumulate large amounts of GSSG in their 
cytoplasm, sufficient to activate latent collagenase'^\ 

Besides regulation of enzyme activities by thiol/disul¬ 
phide exchange reaction, a very interesting finding has 
been the regulation of mammalian gene expression by 
thiol oxidation. In this process, the transcriptional factors 
act as transducers in the signal transduction pathway, 
which means that they respond directly to external 
stimuli by converting themselves into a DNA-binding form. 
Abate et demonstrated that the DNA-binding abilities 
of the fos and jun proteins are regulated by redox 
control. A critical cysteine residue located in the basic 
region of these proteins mediates DNA-binding. Oxida¬ 
tion of this residue abrogates the DNA-binding ability 
of fos and jun. The exceptional reactivity of the cysteine 
residue in these proteins"^^ makes it readily susceptible 
to oxidation, and therefore, an attractive candidate for 
regulation by the nuclear redox system. Further, an 
ubiquitously present 37kDa protein in the mammalian 
nuclear extracts was purified and shown to catalyse the 
DNA-binding ability of the fos and jun proteins. This 
nuclear factor, designated as redox factor-1 (Ref-l)"^, 
responds to the cellular-redox status and, therefore, may 
act as a primary transducer in this signal transduction 
pathway. The presence of accessory proteins catalysing 
the activation of transcriptional factors in a redox-depen- 
dent manner argue a case for the redox regulation of 
transcription in the mammalian system. In parallel with 
the identification of redox-active transcriptional factors, 
Rushmore et identified antioxidant responsive ele¬ 
ments (ARE) in the 5-flanking region of the genes 
which are induced by phenolic antioxidants. The respon¬ 
siveness of AREs to reactive oxygen species again rep¬ 
resents part of a signal transduction pathway that allows 
eukaryotic cells to sense and respond to oxidative stress. 


Another role of thiol/disulphide exchange reaction in 
animal systems stems from a study of the interaction 
between hormones and their cognate receptors. The 
hormone-receptor complexes transduce their signal 
indirectly by inducing a biochemical cascade either 
through G-protein, or through adenylate-cyclase, or 
directly induce the expression of specific genes by 
binding to their upstream regulatory sequences. Earlier 
work by Grippo et indicated that the binding of 
glucocorticoid hormone to its receptor was abolished by 
sulphydryl-modifying compounds and the binding 
capacity of the receptor was enhanced by thio- 
redoxin/thioredoxin reductase system. This observation 
suggested that a thiol/disulphide exchange reaction 
between reduced thioredoxin and the oxidized receptor 
is essential for steroid binding. In this light, the finding 
of Boniface and Reichert"^^ that gonadotropic hormones 
LH and FSH have thioredoxin-like catalytic properties 
is very significant. Their results indicate that following 
the binding of these hormones to their receptor, LH 
and FSH induce disulphide isomerization or initiate 
redox reactions that produce structural changes in the 
receptor, resulting in signal transduction. 

The induction of specific genes through a conforma¬ 
tional change in the transcriptional factors brought about 
by thiol/disulphide exchange reaction raises the question 
whether this mechanism can control developmental cas¬ 
cades. This aspect has not been seriously considered 
although there are reports in the literature that point to 
this possibility. The yeast Candida albicans can grow 
in an unicellular yeast form (Y-form) or in a mycelial 
group (M-form). This transition from Y-form to M-form 
was found to be accompanied by a 100-fold decrease 
in the level of GSH'*^ This morphological transition 
could be blocked by preventing the decline in GSH 
levels, suggesting that an oxidizing intracellular environ¬ 
ment favours such transitions. In a recent communication 
by Esposito et af^, it has been reported that perturbation 
of the redox status of myeloid cells prevents their 
differentiation possibly through structural changes in the 
transcriptional factors mediated by the thiol/disulphide 
exchange reaction. It can be expected that many other 
key regulatory events in biological systems may be 
governed by thiol/disulphide exchange reactioAs, but 
remain to be discovered. 

Fungal metabolism 

Besides plants and animals, fungi constitute a separate 
group among eukaryotes. The literature is sparse with 
reports on the significance of thiol/disulphide exchange 
reaction in fungal physiology and metabolism. Fahey 
et ai^^ observed a dramatic increase in GSH/GSSG ratio 
during germination of Neurospora conidia. The authors 
suggested that metabolic switching from a quiescent to 
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an active state might parallel with changes in cellular- 
redox status from an oxidizing to a reducing one. While 
studying the utilization of sucrose in a thermophilic 
fungus, Thermomyces lanuginosus, Maheshwari et al.^^ 
came across a novel invertase whose activity was un¬ 
stable, both in vivo and in vitro. Further studies to 
elucidate the mechanism of instability of invertase in 
vitro indicated that the enzyme activity was modulated 
by thiol/disulphide exchange reaction^^. This finding 
assumed significance with the observation that the 


appearance and disappearance of mycelial invertase ac¬ 
tivity during the growth of the fungus correlated with 
a decline in the mycelial redox status (manuscript in 
preparation). These observations suggested that thiol/ 
disulphide exchange reaction may constitute an important 
regulatory mechanism in determining metabolic 
heterogeneity across the length of a fungal hypha. 

Concluding remarks 

Although the significance of thiol/disulphide exchange 



Figure 2. A diagrammatic representation of cellular events controlled by thiol/disulphide exchange reaction. Key. V, vacuole, N, nucleus, ER, 
endoplasmic reticulum; G, golgi; E, enzyme; GH, gonadotropin hormone; Fd, ferredoxin; PSI, photosystem I, R, receptor, RR, ribonucleotide 
reductase- RN & d-RN, ribo- and deoxy-ribonucleotides; Trx, thioredoxin; inactive transcriptional activator; , active transcriptional 

activator; /'f , redox-active transducer protein. 
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reaction in the regulation of cellular metabolism was 
suggested about 40 years back, the potential of this 
reaction as a control mechanism has been realized only 
recently, as shown in the diagrammatic representation 
in Figure 2. There are many reasons for this lag: 

(1) It is difficult to assess a priori from experiments 
conducted in vitro whether certain cellular events are 
controlled by thiol/disulphide exchange reaction. To make 
a case for such a regulation, two main. criteria are to 
be fulfilled. Firstly, the redox status of the micro¬ 
environment in which the event occurs has to be 
accurately determined. The lability of GSH to oxidation 
and the presence of GSSG in the cell in very low 
amounts, however, make this task formidable. Secondly, 
the redox potential of the reactive dithiol/disulphide pair 
in a given protein has to be determined. Such meas¬ 
urements have indicated that many enzymes whose 
activities are regulated reciprocally by thiol compounds 
and disulphides in vitro may not be amenable to modula¬ 
tion by the observed changes in the cellular-redox status^^. 

(2) There are again certain limitations associated with 
this regulation: (a) the mechanism lacks specificity since 
any thiol group or disulphide in a protein can be oxidized 
or reduced; (b) the reaction is freely reversible without 
any energy barrier between the reactants and the products; 
and (c) the reaction occurs spontaneously if the redox 
potentials of the reacting groups are compatible. 

However, to circumvent these limitations, the cellular 
machinery has adopted different strategies. A major 
strategy is to vary the reactivities of cysteine residues 
so that they respond differently to a change in the 
cellular-redox status. Another strategy, evident in the 
hormone-receptor interaction is the specificity of binding 
of the hormone to its cognate receptor that precedes 
thiol/disulphide exchange reaction. 

Finally, although the amino acid cysteine is present 
in a wide variety of proteins and enzymes, only a 
fraction of these enzymes are regulated by thiol/disul¬ 
phide exchange reaction. This strongly suggests that 
these enzymes were under a strong selection pressure 
to evolve a mechanism of regulation by oxidation/reduc¬ 
tion of cysteine residues. This aspect assumes importance 
because no attribute in a cell is selected and maintained 
unless a fitness component is associated with it. 
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Mechanism-based inactivation of target enzymes is a 
fascinating area of research at the interphase of 
chemistry, biology and medicine. Since the first paper 
by Endo et aL in 1970, mechanism-based inactivation 
of enzymes has interested academic and industrial 
researchers alike. It is increasingly becoming a leading 
approach in the discovery of novel, potent and effective 
drugs in pharmaceutical R & D laboratories. This 
review article summarizes the recent advances made 
in mechanism-based enzyme inactivators and their 
applications in medicine. 


An effective collaboration between chemists and bio¬ 
logists is the cornerstone of research on design and 
discovery of new pharmaceutical candidates. The union 
of organic chemistry with molecular biology seems 
tailor-made for rational design of drugs. The under¬ 
standing of biological events at the molecular level 
coupled with the electronic and mechanistic interpretation 
of chemical reactions is the basis for a fruitful colla¬ 
boration ^ The merging of the two disciplines has resulted 
in a better understanding of the structure of enzymes, 
their active sites, and the mechanism by which they 
catalyse chemical reactions. The intervention or blockade 
of specific enzymatic processes by natural and unnatural 
substrates has potential applications in medicinal re¬ 
search. 

The single most important goal in drug design is 
increased specificity. The three major approaches for 
the enhancement of specificity in enzyme inactivation 
are: (1) transition state analogues, (2) mechanism-based 
enzyme inactivators, and (3) multi-substrate analogue 
inhibitors. The idea that ‘rate enhancement by enzymes 
depends on the affinity for the transition state or the 
activated complex, and that a stable mimic of the 
transition state might be used to derive potent inhibitors 
of the enzyme’ is the basis for the design of selective 
enzyme inhibitors on the transition state analogue prin¬ 
ciple^. Mechanism-based inactivation mandates that the 
inhibitor molecules react with the target enzyme 
analogous to the catalytic process. The unveiling of a 
latent electrophilic group in the active site of enzyme 
and its acylation or alkylation with a suitably placed 
nucleophilic residue inactivates the enzyme. Since the 


enzyme unwillingly and mistakenly causes its own demise 
by processing the inhibitor molecule midway through 
the catalytic cycle, these molecules are also referred to 
as ‘suicide substrates’. The pioneering paper in 1970 
by Endo et al? at Harvard University on the inactivation 
of p-hydroxydecanoylthioester dehydrase by 3-decynoyl- 
thioesters marked the beginning of research on 
mechanism-based enzyme inactivators. Contributions 
from the laboratories of Rando"^, Walsh^, Abeles^, 
Silverman^ and Knowles^ during the 1970s and 1980s 
resulted in the blossoming of research activity in this 
exciting area. Multi-substrate analogue inhibitors^ offer 
an opportunity for specificity by combining two or more 
structural elements required for recognition by the target 
enzyme into a single molecule. The obvious advantage 
of this approach is that neither of the components will 
be recognized by other enzymes using either of the 
substrates, and so a very high order of specificity is 
expected. 

Medicinal chemistry is basically an empirical science 
and an element of rationality in the search for new 
pharmaceuticals has been achieved through more rigorous 
approaches during the last two decades. Some of these 
are mechanism-based enzyme inactivation^®, (which is 
the topic of this review), peptide combinatorial libraries^\ 
3D-structure-based leads molecular modelling on com¬ 
puters^^, cellular adhesion molecules^"^, and immune 
regulation^^. 

Mechanism-based enzyme inactivators and 
drug discovery 

The advantage of mechanism-based inactivators as poten¬ 
tial drug candidates is because of their high specificity 
and potency, coupled with low toxicity and side-effects. 
For example, a-difluoromethylornithine, which is a 
specific mechanism-based inhibitor of ornithine decar¬ 
boxylase, causes only minor side-effect symptoms when 
administered for protozoal infections in doses of 30 g 
per day for several weeks! The older-generation affinity¬ 
labelling agents not only modify the enzyme protein 
but also undergo unselective reactions in the biochemical 
milieu, resulting in toxicity normally associated with 
these drugs. 
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The chemical specificity of enzymes is derived through 
a binding term {K^) and a catalytic term (eq. 1). 
Most enzymes do not bind their natural substrates very 
tightly (Kjy- M) since exceedingly tight binding 

in the ground state is counterproductive to catalysis: 

N ^cat N. 

E + S ,1. E-S -> E-P ^- E + P. 

( 1 ) 

Here E denotes enzyme, S substrate and P product. The 
chemical basis for the specificity of mechanism-based 
enzyme inactivation is schematized as follows (I denotes 
inhibitor): 

\ ^cat ^TJih 

E + S —E-S -» E-I -> E-I. 

jr 

E-i-I 

( 2 ) 

The inherent specificity and efficiency of mechanism- 
based inhibitors is derived from a high term and 
/Cjnh > rate-determining step is often k^^ because 

these inhibitors have turnover numbers 10^10^ times 
smaller than their natural substrates for the target enzyme. 
A high term preferentially partitions the E l complex 
towards deactivation of the enzyme (E-I) over dissocia¬ 
tion (E + I). Mechanism-based inhibitors are also aptly 
referred to as 'k^^^ inhibitors’. 

The number of times a suicide substrate is processed 
to the released product without harm to the target 
enzyme per inactivation event is called the partition 
ratio. Under ideal conditions of zero partition ratio, the 
inactivator molecule will be a strong drug candidate 
because it will be highly specific and low in toxicity. 

To summarize, the cardinal features of mechanism- 
based enzyme inactivation are: latent reactivity, catalytic 
processing of inhibitor molecule to a reactive inter¬ 
mediate, and formation of an irreversible adduct prior 
to release from the active site of enzyme. 

Mechanism-based inhibition of target enzymes is more 
than just a tool for rational drug design. It provides an 
indirect method to understand the factors that determine 
the binding specificity of enzymes to substrates. The 
contribution of various forces that control this specificity 
such as hydrogen bonding, hydrophobic and electrostatic 
interactions, Il-stacking and van der Waals contacts, 
etc., can be evaluated with reversible inhibitors. For 
example, boronic acid analogues were investigated as 
inhibitors to probe active-site binding with serine 
proteases, subtilisin and a-chymotrypsin^^. 

Rational design of mechanism-based enzyme inac¬ 
tivator molecules as potential drugs is a recent approach 
in the pharmaceutical industry. Merril Dow Pharmaceuti¬ 
cals and Merck & Co. have adopted this strategy in 


their research programme for about two decades now. 
Two leading rationally designed mechanism-based en¬ 
zyme inactivator drugs are 4-amino-5-hexenoic acid (y- 
vinyl GABA; vigabatrin; inactivates y-aminobutyric acid 
aminotransferase; treatment of seizures), and a-difluoro- 
methylomithine (eflornithine; inactivates ornithine decar¬ 
boxylase; treatment of protozoal infections). Vigabatrin 
is an effective anticonvulsant drug and eflornithine is 
in clinical use for the treatment of African sleeping 
sickness. The fact that there are only two rationally 
designed enzyme inactivator drugs in the world market 
today should not be construed as a drawback of this 
approach. A patented drug molecule has to clear a series 
of toxicological tests and clinical trials before it reaches 
the medicine counter, and this process takes about 12-15 
years (Table 1). The remaining decade should reap dividends 
of research in this area with the launch of enzyme inhibitor 
drugs for at least a few major diseases. 

Time is not the only issue in launching new drugs. 
High cost and low success rate are equally formidable 
factors. The total cost of introducing a new drug molecule 
into the world market, from synthesis through patenting 
to approval for marketing, is in the region of US $ 250 
million. The risk factor is extremely high. Only 5 in 
4000 molecules screened in pre-clinical testing make it 
to human trials, and only 1 out of these 5 gets approved. 
The hit rate has, in fact, significantly improved because 
of rational drug discovery. In the hit-and-trial random 
screen approach of the 1960s and 1970s, the success 
rate was anywhere between 1 in 25,000-30,000. 

Inhibitors of some medicinally important 
enzymes 

Some enzymes with potential in medicine which are 
targeted for mechanism-based enzyme inactivation are 
listed in Table 2. In the following sections, the basis 
for inactivation of some pharmaceutically important en¬ 
zymes are presented. The first example on the develop¬ 
ment of clinically useful anticancer agents by inhibition 
of dihydrofolate reductase and thymidylate synthetase 
enzymes is explained in greater detail and depth to 
familiarize the reader with this fascinating topic. Sub¬ 
sequent discussions, though brief, do underscore the 
usefulness of this interdisciplinary research area in dis¬ 
covering new pharmaceutical leads. 


Table 1. Typical time requirements in each stage 
of drug development 


Chemical laboratory 

1 year 

Pre-clinical trials 

3-4 years 

Phase I, II, III clinical trials 

6-7 years 

Drug approval 

2-3 years 

Total time required 

12-15 years 
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Table 2. Mechanism-based inactivation of enzymes with potential 
in medicine 


Enzyme 

Therapeutic goal 

S-adenosylhomocysteine 

Antiviral agent 

hydrolyase 

Alanine racemase 

Antibacterial agent 

D-Amino acid aminotransferase 

Antibacterial agent 

y-Aminobutyric acid 

Anticonvulsant agent 

aminotransferase 

Arginine decarboxylase 

Antibacterial agent 

Aromatase 

Anticancer agent 

L-Aromatic amino acid 

Synergistic with antiparkinsonian 

decarboxylase 

drug 

Dihydrofolate reductase 

Anticancer, antibacterial and anti 

Dihydroorotate dehydrogenase 

protozoal agent 

Antiparasitic and anticancer agent 

DNA polymerase I 

Antiviral 

Dopamine p-hydroxylase 

Antihypertensive and 

Histidine decarboxylase 

pheochromo, cytoma agent 
Antihistamine and antiulcer 

P-Lactamase 

agent 

Synergistic with antibiotics 

Monoamine oxidase 

Antidepressant, anthypertensive 

Ornithine decarboxylase 

and antiparkinsonian agent 
Anticancer and antiprotozoal 

Serine proteases 

agent 

Treatment of inflammation. 

Testosterone 5a-reductase 

emphysema, respiratory, digestive 
and degenerative skin disorders; 
anticoagulant and antiviral agent 
Anticancer agent 

Thymidylate synthetase 

Anticancer agent 

Xanthine oxidase 

Uricosuric agent 

Thyroid peroxidase 

Antithyroid agent 


Dihydrofolate reductase and thymidylate 
synthetase 

Cancer cells grow more rapidly than cells of normal 
healthy tissues and thus they have greater demand for 
nucleotides as precursors to DNA and RNA synthesis. 
Consequently, cancer cells are more sensitive to inhibitors 
of nucleotide biosynthesis than normal cells. Out of the 
four bases in DNA and RNA, three are common to 
both the nucleic acids. Thymine is unique to DNA and 
its equivalent in RNA is uracil. In the de novo pathway 
to thymine, the final step to thymidine monophosphate 
(dTMP) 2 is methylation of deoxyuridine monophosphate 
(dUMP) 1. The one-carbon homologation of dUMP to 
dTMP is catalysed by thymidylate synthetase. In this 
biochemical process, a one-carbon unit is transferred 
from A^^A^^^-methylenetetrahydrofolate (MetTHF) 3 to 
dUMP at the ‘wrong’ hydroxymethyl (CH 2 OH) oxidation 
level, then reduced to a methyl group (CH 3 ) at the 
expense of oxidising 5 , 6 , 7 , 8 -tetrahydrofolate (THF) 5 to 
7,8-dihydrofolate (DHF) 4. The enzyme dihydrofolate 
reductase regenerates the coenzyme THF, which is con¬ 
verted to MetTHF by serine hydroxymethyl transferase 
(Scheme 1). Thus, DNA precursors are derived from 


the metabolic cycle of three enzymes and the inhibition 
of any one will block the growth of DNA, thereby 
inducing cell death. In practice, selective inactivation 
of dihydrofolate reductase and thymidylate synthetase 
are targeted clinically in cancer chemotherapy. 

Methotrexate 6 , a folate analogue, is an inhibitor of 
dihydrofolate reductase. It acts as a competitive inhibitor 
and binds to the enzyme about 100 times stronger than 
DHF. The first mechanism-based inhibitor of dihydrofo¬ 
late reductase, 2-amino-7,8-dihydro-6-hydroxymethyl-7- 
spirocyclo-propylpteridin-4 (3H)-one 7, is activated by 
protonation^^, which is similar to the catalytic mechanism 
of the enzyme (Scheme 2). The reduction of DHF to 
THF by dihydrofolate reductase is initiated by protonation 
(l-BH'^) of pteridine N-5, followed by hydride reduction 
at C -6 by NADPH. In case of inhibitor 7, opening of 
cyclopropane on protonated pteridine by active-site 
nucleophile (|-X:) leads to the dead-end adduct 8 (E-I 
complex). The structurally related molecule 9 is a com¬ 
petitive reversible inhibitor of the enzyme. 

As the van der Waals radius of fluorine (1.35 A) and 
hydrogen (1.20 A) are similar, fluorinated molecules are 
processed analogous to their natural substrates. Therefore, 
in cell salvage pathways fluorouracil 10 is converted 
to 5-fluoro-2'-deoxyuridine monophosphate (FdUMP) 11, 
which is the actual inactivator of thymidylate synthetase. 
In the presence of MetTHF cofactor a 1 : 1 complex 
12 forms with FdUMP, similar to the enzyme reaction 
with dUMP. The electrophilic complex 12 easily 
tautomerizes to neutral 13 in case of the natural substrate 
dUMP (X = H). However, complex 12 with FdUMP 
(X = F) cannot tautomerize and is attacked by an en¬ 
zymatic thiol residue to generate the dead-end covalent 
complex 14, thereby inhibiting the enzyme. The ternary 
covalent complex 14 has an in vivo half-life for decom¬ 
position of about 14 h, long enough to curtail DNA 
synthesis in the affected cells. FdUMP is a time-depen¬ 
dent inactivator of thymidylate synthetase, with MetTHF 
cofactor controlling the rate and extent of inactivation 
(Scheme 3)^^’^^. 5-Ethynyl-2'-deoxy-uridylate 15 is also 
a time-dependent inhibitor of thymidylate synthetase. 

The essential hallmark of mechanism-based enzyme 
inactivation is elegantly demonstrated in the above ex¬ 
amples. The inhibitor is benign until the target enzyme 
itself converts it to a reactive species which eventually 
becomes the cause of its own demise. The enzyme is, 
in a sense, committing suicide mistakenly by processing 
the Trojan Horse reagent. 

Alanine racemase 

The amino acids found in proteins have the natural 
L-configuration, contrary to D-alanine residues found in 
bacterial cell walls. Bacteria biosynthesize the required 
D-alanine from its natural L-configuration using alanine 
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racemase, an enzyme not found in mammalian sources. 
The inhibition of alanine racemase is important for the 
design of antibacterial agents. 

Kollintsch et and Wang and Walsh^^ synthesized 
D- and L-isomers of P-fluoroalanine 16 as inhibitors of 
alanine racemase, a pyridoxal phosphate-dependent (PLP) 
enzyme. The inhibitor compound 17 partitions between 
hydrolysis (pathway a) and inactivation (pathway b) 
(Scheme 4). The efficacy of enzyme inactivation is 
evidenced from the complete lack of racemization of 
alanine. The chemical basis for inactivation is the 
isosteric C-F bond, which undergoes facile P-elimination 
to generate 17, but sluggish displacement. 

D-Amino add aminotransferase 

Racemization of l- to D-amino acid is not the only 
route that bacteria rely on for synthesizing their building 
blocks. Certain D-amino acids (e.g. D-glutamic acid) 
essential for the formation of peptidoglycan layer are 
biosynthesized by transamination of the corresponding 
a-keto acids rather than by racemization. Inactivation 


of D-amino acid aminotransferase blocks the formation 
of these essential cell wall constituents. 

5-Nitro-L-norvaline 18 is a time-dependent inactivator 
of alanine, aspartate- and 4-aminobutyrate aminotransferase^^ 
according to the mechanism postulated in Scheme 5. 
Instead of the enzyme, the pyridoxal cofactor (PLP) is 
trapped as 19 during inactivation. Since the cofactor is 
essential for enzymatic transamination, D-amino acids 
are no longer biosynthesized. 

y-Aminobutyric add aminotransferase 

Certain convulsions arise from an imbalance in two 
neurotransmitters in the brain: glutamate, an excitatory 
neurotransmitter, and y-aminobutyric acid (GABA), an 
inhibitory neurotransmitter. In test experiments, GABA 
effectively controls convulsions when directly injected 
into the brain. However, peripherally administered GABA 
is ineffective because it cannot cross the blood-brain 
barrier. A compound that can cross the blood-brain 
barrier and inactivates GABA aminotransferase, the 
enzyme that degrades GABA, should raise GABA levels 
in the brain and act as an anticonvulsant agent. 





Scheme 4. 
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Scheme 5. 


Incubation of rat brain GABA aminotransferase with 
4-aminohex-5-enoic acid 20 (R = CH 2 CH 2 CO 2 H; y-vinyl 
GABA) results in the time-dependent pseudo first-order 
loss of enzyme activity^^; dialysis does not restore the 
activity. Dithiothreitol and P-mercaptoethanol do not 
protect the enzyme from inactivation. Two possible 
mechanisms for inactivation, isomerization-addition^^ 
(Scheme 6) and enamine pathway^"^ (Scheme 7), are 
shown. The pathway in Scheme 6 leads to covalent 
inactivation of enzyme through adduct 21, whereas in 
Scheme 7 trapping of pyridoxal cofactor as 22 causes 
loss of enzyme activity. y-Vinyl GABA is a promising 
drug for the treatment of convulsions and seizures, 
Gabaculine 23 (5-amino-1,3-cyclo-hexadienylcarboxylic 
acid), a natural product, is an irreversible inactivator of 
mouse and pig brain GABA aminotransferase. 

Aromatase 

Human placental aromatase catalyses the conversion of 
androgens to estrogens, which are essential hormones 
for growth and reproduction. High estrogen levels have 
been linked with various breast cancers and therefore 
inhibition of aromatase is an effective approach to cancer 
chemotherapy. 

Aromatase is irreversibly inactivated by several 10|3- 
propynyl-substituted steroids 24 in the presence of 
NADPH and O 2 . Oxidation of the propynyl side-chain 
to a, P-acetylenic ketone 25 followed by Michael addition 
is the mechanism for inactivation^^ (Scheme 8). Alter¬ 
natively, epoxidation of the acetylene to 26 results in 
inhibition^*^ (Scheme 9). 

Some other important inhibitors of cytochrome P-450 
aromatase are allenic steroid 27, 17p-hydroxy-10-methyl 
thioestra-l,4-dien-3-one 28, and 19,19-difluoroandrost-4- 
ene-3,17-dione 29. 


L-Aromatic amino acid decarboxylase 

Parkinson’s disease is a neurological disorder resulting 
in tremors, rigidity and akinesia. These symptoms are 
caused by degeneration of dopamine receptors and 
reduced levels of L-aromatic amino acid decarboxylase, 
both of which result in low concentrations of inhibitory 
neurotransmitter dopamine in the brain. L-Dopa is an 
effective antiparkinsonian drug which is actively 
transported to the brain, where it is converted to dopamine 
by decarboxylases. However, much of the L-dopa ad¬ 
ministered is decarboxylated peripherally in the liver 
and kidney, much before it can reach the brain. Therefore 
L-dopa administered in combination with an inactivator 
of peripheral L-aromatic amino acid decarboxylase will 
act synergistically and enhance the efficacy of this drug. 

a-(Monofluoromethyl) dopa 30 is an irreversible in¬ 
activator of pig kidney dopa (L-aromatic amino acid) 
decarboxylase^’. The for a-(CH 2 F) dopa (0.04 pM) 
is much lower than the for dopa (200 pM). Only 
one equivalent of fluoride ion is liberated, corresponding 
to a turnover of one inhibitor molecule per inactivation 
event. In other words, the ideal partition ratio of 0 is 
observed. The mechanism for inactivation is shown in 
Scheme 10 (pathv^ay a). There are other PLP-dependent 
decarboxylase enzymes that are inactivated through 
similar mechanistic pathways (a and b, Scheme 10). For 
example, (+)-a-fluoromethylhistidine 31 inactivates 
histidine decarboxylase’\ and D,L-a-(difluoromethyl) 
ornithine (DFMO) 32 inactivates ornithine decar¬ 
boxylase^^. DFMO has proven highly effective against 
African sleeping sickness in clinical trials. Similar to 
pathway a in Scheme 10, loss of CO 2 and F ' generates 
p-fluorovinyliminium cation 33; the P-fluorine is dis¬ 
placed with nucleophilic residue on enzyme to give E~I 
adduct 34 (Scheme 11). 
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Scheme 6. 
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Scheme 10. 
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Histidine decarboxylase 

Histamine interacts in the human body with and H 2 
receptors. Interaction with Hj receptor causes allergic 
or hypersensitivity reactions by stimulation of sensory 
nerve endings. Interaction with receptor stimulates 
gastric acid secretion, leading to ulceration. Since most 
- of the histamine in mammalian tissues is produced by 
decarboxylation of histidine, inhibition of histidine decar¬ 
boxylase appears to be a viable approach to decreasing 
histamine levels. 

Metcalf et synthesized a-trifluoromethyl histamine 
35, which exhibits nonpseudo-first-order kinetics. The 
inactivation of histidine decarboxylase occurs via an 
intermediate similar to 34 generated by displacement of 
fluoride ion from 35. 

P-Lactamase 

The penicillins are potent antibiotics for the treatment 
of a wide variety of bacterial infections. The acylation 
of transpeptidase serine hydroxyl with P-lactam anti¬ 
biotics inactivates the enzyme. Transpeptidase are bac¬ 
terial enzymes that catalyse the cross-linking ot cell 
wall peptidiglycan strands. Various resistant strains of 
bacteria have now evolved with p-lactamase enzymes 
which hydrolyse the active P-lactam drugs to inactive 
forms. P-Lactamase inhibitors are synergistic with 
penicillins and expand their armoury against these resis¬ 
tant strains of bacteria. 

The first step in the reaction of cephalosporins, such 
as cefoxitin 36, with P-lactamase, is acylation of P-lactam 
carbonyl with serine OH via a tetrahedral intermediate^^ 
Cephalosporins containing a 3'-leaving group undergo 
facile elimination to a stable acyl-enzyme intermediate 
(E-I complex) with the 1,3-thiazine structure 37 (Scheme 
12). Other potent p-lactamase inhibitors from the 
laboratories of Charnas and Knowles^^, and Brenner and 
Knowles^^ are clavulanic acid 38 (natural) and sulbactam 

39 (semi-synthetic). 

Compound 40 is a multienzyme-activated inactivator 
involving simultaneous participation of p-lactamase, 
alanine peptidase and alanine racemase. This dipeptide 
antibiotic was evaluated for prodrug antibacterial proper¬ 
ties^"^. The P-lactamase-catalysed hydrolysis of cepham 

40 releases P-chloro-L-alanyl-P-chloro-L-alanine; this 
dipeptide is hydrolysed by alanine peptidase to P-chloro- 
L-alanine, which is a mechanism-based inactivator of 
alanine racemase. 

Lipoxygenase 

Arachidonate is parent to the eicosanoids, a family of 
very potent biological signalling molecules. The enzyme 
5-lipoxygenase catalyses the first step in the cytochrome 
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P-450 oxidation of arachidonic acid to leukotrienes, 
which are involved in a variety of biological responses 
such as smooth muscle contraction, increased vascular 
permeability, and chemotaxis. The fatty acid hydro¬ 
peroxides generated by lipoxygenases are important in 
the development of atherosclerotic lesions. 

7-Thiaarachidonic acid and related compounds^^ 41 
are time-dependent inactivators of 5-lipoxygenase in the 
presence of oxygen. The polarizable sulphur atom in¬ 
teracts with the active-site iron to form a radical cation¬ 
like species 42, which reacts covalently with active-site 
nucleophile to the E-I adduct 43 (Scheme 13). 

Monoamine oxidase 

Monoamine oxidases (MAO isozyme forms A and B) 
are responsible for the catabolism of biogenic amines. 
Compounds that inhibit MAO increase the concentration 
of biogenic amines and exhibit an antidepressant effect. 
As mentioned earlier, L-aromatic amino acid decar¬ 
boxylase inactivation increases the brain concentration 
of dopamine and is a goal for antiparkinsonism. MAO 
inhibitors can be used in conjunction with L-dopa therapy 
for treatment of Parkinson’s disease. 

A series of pargyline analogues 44 are time-dependent 
inactivators of MAO^^, an enzyme containing a covalently 
bound flavin (FI) 45. Based on products from ^"^C-labelled 
studies and photochemical experiments, the following 
mechanisms for inactivation are likely. Attachment of 
the propargyl amine 44 to N-5 position of flavin and 
reduction to dihydroflavin initiates the inactivation cas- 
cade^^, leading to flavin-amine adduct 46 (Schemes 14 
and 15). 

Symptoms of Parkinson’s disease were observed by 
administration of l-methyl-4-phenyl-l,2,3,6-tetrahydrq- 
pyridine 47 (MPTP) in man and animal test studies. 
Pretreatment of animals with known MAO inhibitors, 
such as deprenyl and pargyline, protects the animals 
from neurotoxicity of MPTP^^ This indicates that MPTP 
is a substrate of MAO. 

Ornithine decarboxylase 

Ornithine decarboxylase catalyses the conversion of or¬ 
nithine to putrescine, the rate-limiting step in polyamine 
biosynthesis. The shut-down of polyamine production is 
effective in the treatment of parasitic infestations. 

D,L“OC-Monofluoromethylputrescine 48 is a potent time- 
dependent inactivator of ornithine decarboxylase^^. 
Because of PLP-imine and fluorine, the of P- 
hydrogen in 49 is low enough for deprotonation and 
subsequent elimination of fluoride ion to occur at 
physiological pH (Scheme 16). Azadiene 50 is the actual 
inhibitor species which reacts with active-site 
nucleophile. 
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Serine protease 

The optimal activity of certain pancreatic enzymes, such 
as trypsin, chymotrypsin and carboxypeptidase, occurs 
at pH 7-8. The exocrine cells of pancreas synthesize 
these enzymes as their inactive zymogens to protect 
themselves from destructive proteolytic attack. Addition¬ 
ally, the pancreas prevent premature production of 
proteolytic enzymes by maintaining a balance between 
the concentration of the enzyme and its inhibitor. During 
acute pancreatitis condition, the catalytically active 


proteolytic enzymes are produced prematurely inside the 
pancreas. As a result, the pancreatic tissues are attacked, 
causing a painful and serious destruction of the organ. 
The inhibition of proteases by added concentrations of 
inactivator compounds is an effective treatment for acute 
pancreatitis. 

The imbalance in the concentration of certain proteases 
and their inhibitors in the lungs causes pulmonary em¬ 
physema. Human leukocyte elastase and cathepsin G 
digest dead lung tissue and foreign bacteria. The role 
of natural inhibitors is to prevent these enzymes from 
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Scheme 15. 


destroying elastin and connective tissue in the lungs. 
The deficiency of protease inhibitors causes uncontrolled 
proteolysis of lung connective tissue, leading to em¬ 
physema. Synthetic compounds may substitute the natural 
inhibitors. Another protease, thrombin, catalyses the con¬ 
version of fibrinogen to fibrin, which aggregates into 
blood clots. Inactivation of thrombin will have an an¬ 
ticoagulant effect. .40 

The irreversible inactivation of oc-chymotrypsin by 
2-bromomethyl-3,l-benzoxazin-4-one 51 occurs by acyla¬ 
tion of active-site serine residue, followed by alkylation 


with methionine to produce adduct 52 (Scheme 17). 

Ringe et al.*^ reported that analogues of 6-chloro- 
2-pyrones 53 and 56 are inhibitors of serine proteases 
such as a-chymotrypsin, a-lytic protease, acetylcho¬ 
linesterase, elastase, etc. The alkyl group controls the 
specificity towards different enzymes. Papain, which has 
a cysteine active-site residue, is resistant to inactivation. 
The mechanism of inactivation is altered by changing 
the position of benzyl group, which recognizes the 
hydrophobic pocket of the enzyme. For 3-benzylpyrOne 
53, addition to tetrahedral intermediate 54 and its collapse 
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Scheme 17. 


to acyl-enzyme intermediate 55 is the mechanistic path¬ 
way (Scheme 18). However, for 5-benzylpyrone 56, 
conjugate addition of serine OH and elimination of 
chloride ion produces the inhibitor species 57 (Scheme 
19 ). 


microsomal testosterone 5a reductase"^^. This compound 
has a great affinity for the enzyme with an apparent 
of 35 nM. The mechanism for inactivation involves 
protonation of diazoketone to 59, followed by active-site 
nucleophile attack (Scheme 20). 


Testosterone a-reductase 

Testosterone is reduced to the more active androgen 
5 a-dihydrotestosterone, which mediates androgenic acti¬ 
vity in organs and glands. Inactivators of testosterone 
5a-reductase will be useful in averting diseases such 
as acne, hirsutism, baldness and prostrate cancer. 

(5a, 20R)-4-Diazo-21 -hydroxy-20-methylpregnan-3-one 
58 is a time-dependent inactivator . of rat prostrate 


Xanthine oxidase 

The disease gout is caused by elevated concentration 
of uric acid in blood and tissues. The joints become 
inflamed, painful and arthritic due to the abnormal 
deposition of sodium urate, which is fairly insoluble at 
physiological pH. The kidneys are also affected because 
excess uric acid is deposited in the kidney tubules. 
Although the exact causes of gout are not clearly 
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Scheme 19. 



understood, a halt in the concentration of uric acid 
alleviates the pain. Xanthine oxidase is responsible for 
converting purines (xanthine) into uric acid. 

The drug allopurinol 60 is a non-covalent mechanism- 
based inactivator of xanthine oxidase'^^ A slight alteration 
in the structure of hypoxanthine 61 (enol form) yields 
the useful drug allopurinol. When xanthine oxidase is 
inhibited, the products of purine metabolism are xanthine 
and hypoxanthine, both of which are more soluble in 
water than uric acid and less likely to form crystalline 
deposits. 
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Tail piece 

In this brief section, some ongoing studies in our research 
laboratory on the design and synthesis of mechanism- 
based inhibitors of two medicinally important enzymes, 
P-lactamase and aromatase, are presented. 

The synthesis of model bicyclic l,3-diazetidin-2-ones 
62 (R = Ph; n = 1,2) as anticipated inhibitors of P-lac¬ 
tamase enzyme is currently under study. The rationale 
for the expected inactivation is the higher hydrolytic 
stability of carbamoyl—enzyme intermediate 63 because 
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of amide resonance (Scheme 21). Preliminary results 
from semi-empirical calculations'^ on the putative inhi¬ 
bition appear encouraging. 

The facile oxidation of steroidal A-ring thialactone 
64 (R = CH 3 ) to acyl-sulfoxide 65 by aromatase P-450 


OH 



60 


enzyme"^^ will open two possible pathways for 
mechanism-based inactivation: one via trapping of acyl- 
sulfoxide 65 by active-site nucleophile to E-I adduct 
66 (pathway and the other via covalent inactivation 
of reactive ketene species 67 (pathway b) (Scheme 22). 


OH 



61 



Scheme 22. 
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Conclusions and future directions 

Some recent advances made in mechanism-based inac¬ 
tivation of medicinally important target enzymes are 
summarized in this article. The design of new drugs by 
mechanism-based inactivation of target enzymes requires 
a detailed knowledge of the three-dimensional enzyme 
structure, its mechanism of action on the substrate, the 
active-site residues, and models for interaction between 
enzyme protein and substrate. In addition, computational 
data from high-speed computers and X-ray crystal struc¬ 
tures of many important enzymes fuel the drug discovery 
process. A close collaboration between biologists, crys- 
tallographers, medicinal, computational and organic 
chemists is a crucial ingredient in the design of new 
enzyme inhibitor drugs with high potency and low 
toxicity. The success of initial research efforts is 
reflected in the recently launched drugs vigabatrin and 
eflornithine. Approval of some more mechanism-based 
enzyme inactivator drugs which are in advanced stages 
of clinical trials will be a great impetus for pharmaceuti¬ 
cal companies to employ this approach in the coming 
years. 
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Manufacture of liposomes: A review 

Ramchandra M. Watwe and Jayesh R. Bellare 

Department of Chemical Engineering, Indian Institute of Technology, Bombay 400 076, India 


A brief introduction to liposomes and the methods of 
their preparation is presented. Various laboratory- 
scale and large-scale methods of preparation of 
liposomes are reviewed. They include some of the recent 
techniques like the ^bubble’ method^ microencapsula¬ 
tion, microfluidization, LLC method, ethanol injection, 
freon injection and detergent dialysis and the tradi¬ 
tional methods like hydration, sonication and reverse 
phase evaporation. This paper also discusses the crucial 
problems like stability and quality control in the 
commercialization of liposomes and the methods (such 
as lyophilization and the various characterization 
techniques like electron microscopy and gel permeation 
chromatography) to overcome them. Also discussed is 
the mechanism of vesicle formation. 


Liposome research is gaining importance in biological, 
pharmaceutical and medical research because liposomes 
seem to be the most effective carriers for the introduction 
of all kinds of agents into cells. Liposomes, which are 
lipid microspheres, have a wide spectrum of applications 
ranging from use in basic research in biophysics to 
various practical applications like cosmetics and phar¬ 
maceuticals, production of ultrafine particles, and many 
more. There are several key references, including books 
and review papers, published recently which deal with 
the topic of liposomes exhaustively^“^°. 

Liposomes are used as model systems for studying 
biomembranes and their properties, such as permeability, 
as a function of chemical composition of the 
membrane^'’ In biochemistry, they enable the scientists 
to reconstitute and investigate membrane proteins in a 
well-defined environment which closely mimics the 
natural one‘^"‘^. The most important use of liposomes 
is expected to be in pharmacology, medicine and biotech¬ 
nology, where they serve as vehicles for controlling the 
delivery of entrapped drugs, genetic material, enzymes 
and other macromoleculesLiposomes have also attra¬ 
cted the attention of the food and cosmetic industries, 
where it is possible, to form insoluble molecules in 
water-based liposomes, pastes and ointments^^ Several 
large pharmaceutical companies like Ciba-Geigy, Upjohn, 
Beckton Dickinson, Squibb, along with specialized com¬ 
panies like Liposome Technology, Vestar and The 
Liposome Company, are active in manufacturing 
liposome-based products. The pharmacology department 
of KEM Hospital, Bombay, through its liposome research 
centre under Prof. Kshirsagar is conducting human trials 
of certain liposome-entrapped drugs^^. The other Indian 


laboratories active in liposome research include Liposome 
Research Centre, University of Delhi, IIT Kanpur, Ham- 
dard University, Delhi, Indian Institute of Chemical 
Biology, Calcutta, Indian Toxicology Research Centre, 
Lucknow, School of Life Sciences, Nehru University, 
Delhi, Department of Pharmacological Sciences, Panjab 
University and TIFR, Bombay. Research in these 
laboratories has been centred on the pharmacological 
applications and the chemistry of lipids^^"^^ In the 
coming years one sees an enormous potential for 
liposome manufacturing as more and more industrial 
manufacturing methods are developed. Products currently 
under investigation in various companies include 
immunomodulators, cancer chemotherapeutics and diag¬ 
nostics, antibiotics, ophthalmics, antiasthmatics, anti¬ 
fun gals, vaccines and gastric protectants^^’Liposomes are 
also used as a support for semiconductor particles in ap¬ 
plications such as the photoconversion of solar energy^"^. 

The most important commercial product to date is 
the liposomal formulation agent Amphotericin B, which 
has a greatly improved therapeutic index and has been 
successfully employed for treatment of systemic fungal 
infection in cancer and organ transplant patients^^. 

Morphology of liposomes 

The Greek root of the word liposome means, a ‘fat 
body’, but one may define it as a hollow structure made 
up of phospholipids having a multilayered structure 
(Figure 1). The lipid molecule consists of a polar, 
hydrophilic ‘head’ generally consisting of a phosphate 
group. The tail consists of two long hydrocarbon chains. 
To minimize the unfavourable interactions, lipid 
molecules are arranged in the form of a bilayer wherein 
the heads form the surfaces of a sandwich protecting 
the tails from interacting with water. To avoid the ends 
of the fat bilayered sheet being exposed to water, they 
wrap up to form closed spherical structures'^. The thick¬ 
ness of the membrane is around 4-5 nm. 

According to the definition provided by the New York 
Academy of Sciences^\ liposomes are classified as follows: 

1. Multilamellar large vesicles MLV 0.1-6 |Tm. 

2. Small unilamellar vesicles SUV 0.02-0.05 |im. 

3. Large unilamellar vesicles LUV > 0.06 jam. 

Some of the other shapes and structures encountered 
are oligolamellar^^ giant unilamellar^^, multivesicular'^^^ 
stable pausilamellar'^^ helical"^^ and cochleate'^^ 
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Figure 1. The internal structure of a liposome directly imaged by cryoscanning 
electron microscopy of a fractured specimen. 


Sometimes, especially in the case of technological 
applications, the term ‘liposome’ is used for SUV, LUV 
and MLV, while in the older literature MLV and liposome 
are used synonymously and vesicles usually indicate 
unilamellar structures. 

The procedures for liposome preparation can be 
generalized and divided into three stages^^: 

1. Preparation of the aqueous and lipid phases. 

2. Primary processing involving lipid hydration. 

3. Secondary processing steps (essential in some cases 
and optional in others). 

Recently, one-step preparation of liposomes has gained 
popularity, especially for the industrial-scale preparation 
of liposomes. The chemical composition of the lipid 
bilayer, the size distribution of the liposomes and the 
number of layers in each liposome are the key parameters 
according to which one can classify liposomes. The size 
of liposomes is also important in pharmacokinetics'^’'^^. 

An ideal method of preparation should be simple, 
standardized, reproducible and cost-effective and the 
yield should be homogeneous and stable for sufficient 
periods of time. A liposome preparation technique must 
provide reproducible preparation of extremely homo- 
genequs unilamellar liposomes on a micro-macro scale. 
Moreover, the size of the liposome should be controllable 
over a large range. This is particularly important in 
commercial applications of liposomes. 

Scope 

The primary aim of this paper is to discuss potential 
commercial and commercial manufacturing techniques 
of liposomes. It also provides a synoptic account of 
manufacture-related issues like methods to achieve 


stability and analytical methods for quality control. A 
brief description of the mechanism of vesicle formation 
is also included. 

Outline 

This paper is outlined as follows. The next section deals 
with the mechanism of vesicle formation. Then some 
of the various surfactants that have been used for 
liposome production are listed. This is followed by a 
description of the various traditional methods of prepara¬ 
tion of liposomes along with some of the recent com¬ 
mercial techniques used for large-scale manufacture. 
Post-treatment needed for ‘Stealth’ liposomes is also 
mentioned. Then an account is given of the various 
issues (like stability and sterilization) which are important 
from the industrial point of view. Also the analytical 
methods used for the characterization of liposomes are 
mentioned. The last section lists the conclusions i and 
gives the scope for further research. 

Mechanism of vesicle formation 

Though many methods of preparation of liposomes have 
been reported, there is a dearth of literature enunciating 
the mechanism of vesicle formation. When water is 
added to the dry phospholipid film, the outer monolayer 
hydrates more than the inner ones. Blisters are formed 
due to the increased surface area of the polar heads 
with increasing hydration. Water penetrates in between 
the bilayers as well as through the bumps. The hydration 
reaction reduces the energy of the system, which causes 
the system to increase its specific surface area. The 
polar heads are exposed to water maximally. The distance 
between two lamellae is a compromise between the 
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repulsive steric and the attractive van der Waals forces. 
Upon agitation these tubes detach immediately, sealing 
off their exposed edges and form MLVs. The intensity 
of agitation influences the size of the MLVs formed"^^. 

Recently, Lasic"^^ has proposed that all liposomes form 
from existing bilayers in two ways. A small section of 
a flat bilayer may break off and close upon itself or 
part of the bilayer may bud off from the large aggregate 
if it is forced to curve. It is possible to force a curve 
into the bilayer by introducing agents that increase the 
area of the outer lipid monolayer relative to the area 
of the inner layer. This can be achieved by increasing 
the size of the polar heads of the outer lipids. For 
example, ionizing the outer monolayer attracts water 
molecules that bind to the polar heads, effectively 
increasing their size. The area of the outer monolayer 
can also be increased by intercalating certain amphiphilic 
molecules such as detergents, among the existing lipids'^^. 

Other models include one by Szoka and Papahad- 
jopoulos"^^ which explains the preparation of liposomes 
by reverse phase evaporation"^^. Finer et al.^^ have 
proposed a mechanism of vesicle formation by sonication. 
It is based on rearrangement of bilayer fragments into 
vesicles. Evans^° proposes that vesicles form by budding 
off of highly curved sections of larger lipid sheets. 
Vesicle formation has also been described by other 
authors^^"^"^. The main analytical techniques used by 
these workers include electron microscopy and light 
scattering experiments. 

Surfactants used for preparation of liposomes 

Liposomes have been prepared by using various types 
of lipids, lipid mixtures and other amphiphiles. The 
lipid structure, lipid bilayer, and bilayer interactions 
have been reviewed by Cevc^^. From the viewpoint of 
liposome design phosphatidylcholine (PC) derived from 
hen egg yolk is the most popular choice due to its 
availability in large quantities, high purity and bioadap¬ 
tability A compilation of other phospholipids which 
are used in the production of liposomes can be found 
in the review by Szoka and Papahadjopoulos^® and the 
original references therein. Cholesterol is added to the 
lipid in various ratios, primarily to decrease the per¬ 
meability of phospholipid bilayers and to improve the 
stability^^’although some authors have proposed that 
cholesterol has no effect on liposome stability^^’^^. In¬ 
stead, cholesterol used may be autoxidized over time, 
leading to loss of the encapsulated material^^’ 

The net surface charge of liposomes can be modified 
by addition of compounds such as phosphatidyl serine 
(PS) or phosphatidyl glycerol (PG) for negatively charged 
liposomes. Negative charge has many advantages such 
as increase in efficiency of the uptake of liposomes by 
cells in vitro^^ and long 1^2 iii blood^^. The phase 


transition temperature (TJ of the fatty acyl groups of 
phospholipids is also a key parameter. At temperatures 
above T^, liposomes are designated as ‘fluid’, whereas 
below this temperature they are ‘solid’In forming 
liposomes it is essential^^ that hydration of dried lipid 
is done at a temperature higher than 

Liposomes are also made from synthetic lipids. These 
lipids have polymerizable groups in their fatty acid 
chains, or polar heads or both, and are completely stable 
even under extreme physical conditions^^"^^ Amphiphiles 
such as didodecyl dimethyl ammonium bromide^^, 
polyoxyethylene"^^ and hydrogenated castor oil ether^^ 
have also been investigated. The use of synthetic lipids 
is severely limited by its very high cost^"^. 

Laboratory methods of preparation 

Multilamellar vesicles 

Hydration of dry lipid films is the classic method of 
preparation (Figure 2). In fact, this pioneering experiment 
performed in Cambridge, England, introduced the phos¬ 
pholipid vesicles^^’^^ It involves shaking a dry phos¬ 
pholipid film in water or buffer, the film having been 
previously deposited on the wall of a round-bottom 
glass flask by evaporation from organic phase. To achieve 
better results, hydration is followed by extrusion or 
sonication. 

Entrapment of aqueous solutes by MLV is improved 
when the lipid is dried in the presence of the aqueous 
solute to be entrapped, thus forming a mixed lipid film 
with the solute trapped between layers. This mixed film 
is then hydrated gradually with a minimum of aqueous 
phase. Preformed liposomes are added to an aqueous 
solution of the solute and the mixture is either lyophilized 
or evaporated. Subsequent xehydration forms MLVs^^"^^. 
Repeated freezing followed by thawing is a con¬ 
venient method for increasing the trapped volume 
of MLV*“ **. 

Small unilamellar vesicles 

Sonication is the principal method of preparation in 
vogue^^"*"^ (Figure 3). Sonication of MLVs or other 
aqueous dispersions of phospholipids produces SUVs 



Figure 2. Hydration: Steps in the preparation of liposomes - a 
schematic view. The lipids are deposited from organic solvents on the 
wall of a round bottom flask, followed by addition of aqueous buffer 
to produce MLVs. 
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Figure 3. Sonication: The popular method of producing liposomes, 
in which energy is added to MLV dispersion in the form of sound 
waves to break it into SUVs. 

entrapping an aqueous space. High-speed centrifugation 
is a simple process to separate larger vesicles. 

Although sonication with a probe usually can deliver 
a high power density, and hence faster breakdown of 
the MLV to structures with a minimal radius, it has 
the disadvantage of contaminating the preparation with 
metal from the tip of the probe, leading to degradation 
of the phospholipid. Moreover, this technique can generate 
aerosols from solutions containing radioactive traces, car¬ 
cinogenic chemicals or infectious agents that have been 
added to the preparations, which can be a serious 
biohazard^^ Hence, bath-type sonicators are preferred. They 
require longer times and reproducibility is hard to achieve^^. 

Homogeneous preparations of SUV can be obtained 
by the use of a power laboratory press (the French 
press). In this apparatus, dispersions can be subjected 
to high hydraulic pressure^^ Homogenization of MLVs 
or other lipid dispersions produce SUVs. The principal 
consideration is the shear force generated, temperature 
of operation and lipid fluidity at that temperature^^’ 
Recently, preparation of liposomes using a Mini-Lab 
8.30 H high-pressure homogenizer has been reported^^. 
Injection of lipid solutions into a solvent miscible with 
the aqueous phase is a simple method for preparing 
SUVs. However, it is limited by the need for subsequent 
processing to remove the solvent, possibility of residual 
solvent, and the low solubility of some lipid components 
in aqueous-phase-miscible solvents such as ethanol^^^ 
(Figure 4). SUVs can also be formed spontaneously 
during hydration of certain lipids, such as a mixture of 
short- and long-chain lecithins^^. SUVs can be formed 
by swelling of slightly charged phospholipid films 
deposited on special supports in excess water^^ 

Large unilamellar vesicles 

Either dried lipid mixtures or preformed liposomes are 
solubilized with the detergent-containing aqueous phase. 


Detergent removal from the mixed micelles leads to 
LUVs^“. Detergent dialysis or gel permeation column 
can be used for detergent removal. 

Reverse phase evaporation produces LUVs. In this 
method, the drug-containing aqueous phase is emulsified 
in the presence of phospholipids in diethyl ether (Figure 
5). By evaporation of the solvent under vacuum, LUVs 
are formed"^^’^^. 

Injection of solutions of lipid in volatile solvents into 
an aqueous phase under reduced pressure results in 
hydration of lipids producing LUVs^'^. A procedure is 
suggested which involves dissolving the lipid in an 
organic solvent, washing with a mild acid, removing 
the solvent, adding salt solution and adjusting the pH 
(raising pH to 10 and lowering it immediately to 
7.55)^^’^^. In this method, MLVs are reorganized to 
LUVs taking advantage of lipid hydration and structural 
changes following deprotonation of acidic lipids. 

Calcium addition to appropriate SUV induces fusion 
and results in cochleate cylinders. Addition of EDTA 
produces LUVs^^. Spontaneous vesiculation^^ also leads 
to formation of LUVs. Liposomes are also produced by 
using microfabricated structures'^. 

Angelova*^^’has described a method based on the 
effect of a.c. electric fields on the lipid swelling and 
liposome formation. The basic phenomenon is sequences 
of lateral fusions of SUVs induced by the applied a.c. 
electric field. 

A new physicochemical method for preparing lipo¬ 
somes, called the lamellar liquid crystalline (LLC) 
method, has recently been developed'^^^. Liposomes 
appear spontaneously at the interface between water and 
an LLC phase containing a large amount of propylene 
glycol, glycerol and water. Lamellar liquid crystalline 
phase consists of thick stacks of multiple, lipid bilayers^”^. 
These break into smaller fragments closing upon them¬ 
selves, thus entrapping some solvent in the interior, 
forming liposomes 

LUVs can be formed by extruding MLV dispersions 
through polycarbonate membranes with defined diameter 
pores, resulting in a decrease in particle size and 
polydispersity^^^’ 

'Stealth' liposomes 

It has been found that a majority of the injected liposomes 
are cleared from the blood system by phagocytic cells 


Lipids 
dissolved 
in ethanol 

rapid 

Suffer 

spontaneou 

, SUVs 

ultrafiltrotioi 

1 SUVs 

Removal of 

SUVs 
(pure) 

injection 

solution 

formation 

(dilute ) 

{ under 

No pressure] 

(conen) 

-> 

ethanol by 

gel permeation 


chromatography, 

dialysis 


Figure 4. Ethanol injection: Lipids dissolved in ethanol are rapidly injected into an aqueous solution to form SUVs. 
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Figure 5. Reverse phase evaporation: LUVs are formed from water-in-oil emulsions of phospholipids, followed by evaporation 
of solvents from the oil phase. 


of the reticuloendothelial system (RES) such as macro¬ 
phages. Therefore, to target the non-RES tissues, stealth 
liposomes are used^^^^ These were developed by Allen‘^’^ 
of the University of Alberta, Canada, and by Gabizon^^ 
at Liposome Technology, Inc. These liposomes have a 
protective carbohydrate coating that mimics the surface 
of red blood cells to avoid detection and uptake by 
RES. Prolonged blood circulation can be achieved by 
use of polysialic acids'^^^. A method is described for 
^^Ga-labeiling liposomes containing a polyethylene glycol 
coating exhibiting prolonged blood circulation^’^. 

Commercial methods of preparation 

The methods described below are the recent industrial- 
scale manufacturing methods for liposomes. Some of 
these methods are currently used in pharmaceutical 
industry, like Freon injection, microfluidization, ethanol 
injection and detergent dialysis. The microencapsulation 
technique and the ‘bubble’ method are under develop¬ 
ment. 

Freon injection method 

It is a promising industrial method’”. A solution of 
lipids in Freon is injected into an aqueous solution at 
the same rate as Freon is being evaporated. Hydrophilic 
molecules to be encapsulated are dissolved in the aqueous 
phase while the hydrophobic ones are coinjected with 
the solution. This being a continuous process is easy 
to scale up. 

Detergent dialysis technique 

Recently, Dianorm, Germany, has introduced a new unit 
process”^ for the production of liposomes called 
LIPOSOMAT (Figure 6). The continuous detergent 
removal from the equilibrated mixed lipid/detergent 


micelle solution leads spontaneously to the formation 
of liposomes. The detergents used are gentle in their 
action and do not hydrolyse or peroxidize liposome 
contents, e.g. sodium chlorate and ^ 2 -octyl-glycoside. The 
flat dialysis membranes are prepared from natural cel¬ 
lulose. The detergent removal is performed at a constant 
temperature which is above the transition temperature 
of the lipid mixture. Continued dialysis leads to a 
practically detergent-free liposome preparation. The 
production capacity of LIPOSOMAT plant can be up 
to thousands of litres per day. The size of the liposomes 
depends on dialysis rate, type of detergent, type of 
lipid(s), lipid/detergent molar ratio, lipid concentration, 
electrolyte content and pH”‘\ 

Microfluidization 

Microfluidization consists of processing emulsions under 
high pressures through an apparatus called a 
microfluidizer”'’ (Figure 7). The main advantage of 
microfluidization is continuous production of large quan¬ 
tities of lipid vesicles without dissolving the phos¬ 
pholipids in organic solvents’^^’ 

The other advantages in using microfluidization for 
liposome production are: (i) the evaporation step can 
be eliminated; (ii) it is possible to handle high lipid 
concentrations and consequently to obtain high encap¬ 
sulation efficiencies; (iii) the mean diameter of the 
liposomes can be controlled by selecting the pressure 
and the number of cycles”^. The usual problems 
associated with extrusion, like clogging, are circum¬ 
vented^^. 

The apparatus essentially consists of an interaction 
chamber in which the pressurized MLV stream is directed 
into precisely defined microchannels (2x100 pm). The 
stream is then accelerated to a laminar velocity of about 
lOOm/s and then these separate streams are made to 
collide, resulting in turbulence and cavitation forces and 
formation of liposomes”^ 
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Microencapsulation techniques 

It is also called the double emulsion technique and was 
reported by Battele Memorial Institute, Matsomoto 
and others have also reported this method^^°. The con¬ 
ditions for the preparation of lipid vesicles by the 
in-water drying method, one of the microencapsulation 
techniques, is described in detail by Ishii and others^^^ 
(Figure 8). This process consists of the following steps: 

(i) dispersion of an aqueous solution of the drug into 
an organic solvent to yield a water-in-oil (w/o) emulsion. 

(ii) dispersion of this w/o emulsion into an aqueous 
phase; (iii) formation of a lipid membrane on the surface 
of droplets by evaporation of the organic solvent from 
the oil phase; and (iv) removal of the free drug. The 
size of liposomes and encapsulation efficiency is reported 
to be dependent on the rpm of the stirrer used to form 
emulsions. Stability, over long time, is also reported. 

Bubble method 

Talsma and others^^^ have developed a new production 
technique for one-step preparation of liposomes that 
looks very promising for large-scale production of 
liposomes containing vulnerable substances like proteins 
which are sensitive to high shear forces or incompatible 
with organic solvents and detergents. This method is 
based on the introduction of large quantities of gas 
bubbles into a lipid dispersion. During bubbling, 
homogeneous vesicle dispersion is formed. 



Figure 6. Detergent depletion: LUVs are formed by a continuous 
process consisting of detergent solubilization and removal. 


Ethanol injection technique 

Recently, the development of the first approved liposome 
dermatic has been reported This method is similar 
to the solvent injection method described earlier and 
does not depend on hazardous solvents or detergents. 
The size, encapsulation efficiency, lamellarity and 
stability are well-controlled and reproducible. 

Industrial applicability 

For the successful employment of liposomes as drug 
delivery systems, stability of the liposome product has 
to be assured. Since liposome-encapsulated drugs will 
be used as human and veterinary pharmaceuticals, the 
final formulations must be stable for eighteen months 
to two years. For the drugs sold over the counter they 
should be stable at least at room temperature. The causes 
of chemical and physical instability and the stabilization 
procedures are reviewed by Ausborn et 

Autoxidation and hydrolysis are the two main processes 
which degrade the phospholipids. Autoxidation generates 
toxic products while hydrolysis greatly increases the 
permeability of liposomesChemical stabilization 
of liposome dispersions is mainly achieved by modifying 
the bilayer mixture. Antioxidants such as a-tocopherol 
are added or fully hydrogenated phospholipids are used. 

Liposomes have a large content of free energy due 
to their extreme curvature. They have a natural tendency 
to fuse^^^. This results in the loss of encapsulated drug. 
Manipulation of the bilayer composition and cholesterol 
has resulted in partially improved stability. Freezing and 
lyophilization are the two commonly used methods for 
stabilization of liposomes. To achieve stability and active 
targetability of liposomes in vitro and in vivo, a methodol¬ 
ogy involving coating the outermost surface of liposomes 
with a naturally occurring polysaccharide that bears a 
cholesterol moiety as a hydrophobic anchor to penetrate 
the liposomal bilayer is proposed^^^. Lyophilization is a 
process of drying in which water is sublimed from the 
product after it is frozen. As the process is carried out 
under vacuum, degradation by oxidation is prevented 
and due to the low temperatures adverse chemical effects 
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Figure 7. Microfluidization: SUVs are manufactured in a continuous system in a microfluidizer, wherein there is a collision 
of two high-pressure feed streams. 
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Figure 8. Microencapsulation: LUVs are produced by the in-water drying method without the use of detergents or sonication. 


Table 1. Comparison of traditional methods of preparation of liposomes 


Method 

Diameter 

(nm) 

Captured 
volume 
(I/mol lipid) 

Efficiency of 
encapsulation 
{% of original 
volume) 

Whether 

homogeneous 

yield? 

Scale-up 

possibility 

reported? 

Features 

Hydration method 

400-3500 

4 

5-15 

No 

No 

Easy, quick preparation, low trapped 
volume, relative stability on storage 

Sonication 

20-50 

0.2-1.5 

O.l-l.O 

Yes 

No 

Contamination with metal, nonuniform 
sonication, fast procedure 

Reverse phase 
evaporation 

100-1000 

7-11 

30-50 

No 

No 

High trapping efficiency, technically 
complex, exposure to solvents 

Detergent removal 

200-1000 

2-7 

12-22 

Yes 

Yes 

Exposure to detergents, lengthy pro¬ 
cedure, reproducible yield 

Ethanol removal 

30-120 

0.4-1.5 

0.5 

No 

Yes 

Fast, simple, low encapsulation, con¬ 
centration step required 

Freeze thawing 

250-500 

2-5 

31-89 

No 

Yes 

Solute-dependent, fast procedure 


do not take place^^^’Also, lyophilized preparations 
would not require special storage conditions as in freeze- 
thaw processesIn both processes, the role of 
cryoprotectants is important. The mechanism of cryo- 
protection due to saccharides is reviewed by Miyajima 
and Tanaka^^^. Analytical methods used by them include 
Raman and NMR spectroscopy and DSC, They conclude 
that the liposome lyophilized with a disaccharide showed 
the strongest stability during the rehydration process. 

The use of membrane-bound cryoprotectants has been 
suggested in place of conventional cryoprotectants 
Efficient drying methods allow the production of 
liposome powders which upon rehydration do not lose 
integrity^^^. Methods have been devised to produce 
liposomes with an electric potential across the mem¬ 
brane When some charged dmgs are added to these 
liposomes, they are pulled through the membrane into the 
aqueous space with greater than 95% efficiency. This 
implies that drug can be introduced just before the treatment. 


Other issues which are important from the industrial 
point of view such as reproducibility of the preparation, 
pyrogen content, integrity of the lipid, patentability, 
sterility, cost, toxicity and quality control methods are 
briefly discussed by Ostro^"^. Ostro suggests that sterile 
processing is the only possible method of sterilization 
though it is time-consuming and expensive. Other 
methods of sterilization popular in the pharmaceutical 
industry, like terminal heat sterilization and treat¬ 
ment, cannot be used as they irreparably damage the 
liposomes, though recently sterilization of liposomes, 
under proper conditions, without or with thermostable, 
lipophilic drugs by autoclaving has been reported^^^. Use 
of HPLC is suggested to determine the total quantity 
and the quality of drug in the final formulation ’ . 

Quasielastic light scattering and Coulter counter can be 
used for determination of the size distribution. Particle 
size distribution affects the effectiveness of the liposome 
formulationHence, it is an important parameter. 
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Presently, many techniques like electron micro¬ 
scopy'gel permeation chromatography 
dynamic light scatteringand light microscopy are 
in vogue. The choice of method depends on the size 
of liposomes^'^^ Except for electron microscopy, no other 
method has the capability of resolving the distribution 
over the entire range, from 10 nm to 50 ]J.m. Moreover, 
microscopy gives images directly and, hence, is model- 
independent. For routine commercial use, electron 
microscopy is limited by its cost. Turbidity has also 
been used to characterize the average size but is limited 
by many other factors that also affect turbidity*'^^ 
Ultracentrifugation*"^^ and nuclear magnetic resonance 
(NMR)’^^^ are also used to obtain the distribution of 
small homogeneous vesicle populations. 

Conclusions 

1. Drug carrier systems presently under investigation 
include antibodies, glycoproteins, cells, reconstituted 
viruses and liposomes. Among the various other candi¬ 
dates proposed, liposomes stand out as the most promis¬ 
ing candidate, not only because they are biodegradable 
and easy to prepare but also because they are versatile 
in terms of composition, size and other structural char¬ 
acteristics. 

2. Important parameters defining a liposome are: lipid: 
cholesterol ratio, size of liposome, lamellarity, transition 
temperature and any coating like that of polysaccharides 
required for stability. 

3. Regarding the mechanism of vesicle formation, the 
explanation generally revolves around the spontaneity 
of the process, though some progress in understanding 
the mechanism has recently been made. Very short life 
of the intermediate structures severely limits the study 
of formation mechanism. 

4. As the manufacturing methods are being developed, 
in most of the cases no optimization in relation to 
parameters like energy, cost and stability is reported. 
The commercial process details are not available as 
these are patented. 

5. For designing new methods one can borrow ideas 
from other similar fields like emulsion preparation. 

Liposome research is a continually progressing field. It 
needs a proper co-ordination of various disciplines like 
biochemistry, biophysics, cell biology, medicine and 
engineering sciences. A lot more work is needed in 
identifying new raw materials for vesicle preparation, 
for which it will be necessary to conduct experiments 
on various lipids. Also, much is desired for liposomes 
to become pharmaceutically acceptable products, espe¬ 
cially regarding stability, sterility and quality control. 
Appropriate apparatus like homogenizers needs to be 
developed for liposome preparation. This will result in 


liposomes being widely used in products of everyday life, 
rather than being an object of academic curiosity only. 


1. Gregoriadis, G., Liposomes as Drug Carriers: Recent Trends and 
Progress, Wiley, Chichester, 1988. 

2. Gregoriadis, G. (ed.). Liposomes from Biophysics to Therapeutics, 
Marcel Dekker, New York, 1988. 

3. Gregoriadis, G. (ed.). Liposome Technology, 2nd,edn., CRC Press, 
Boca Raton, 1993, vols. 1-3. 

4. Ostro, M. J., Liposomes, Marcel Dekker, New York, 1983. 

5. New, R. R. C. (ed.), Liposomes: A Practical Approach, Oxford 
Univ. Press, New York, 1990. 

6. Lasic Danilo, From Physics to Applications, Elsevier, Amsterdam, 
1993. 

7. Ostro, M. J., ScL Am., 1987, 256, 103-111. 

8. Lasic Danilo, Am. Sci., 1992, 80, 20-31. 

9. Lichtenberg, D. and Barenholz, Y., Methods Biochem. Anal., 1988, 
33, 37-462. 

10. Woodle, M. and Papahadjopoulos, D., Methods Enzymol, 1989, 
171, 93-217. 

11. Papahadjopoulos, D. and Kimelberg, H. K., in Progress in Suiface 
Science (ed. Davidson, S. G.), Pergamon Press, Oxford, 1973, vol. 
4, part 2, pp. 141-232. 

12. Raju, D. B., Indian Drugs, 1994, 31, 1-8. 

13. Bangham, A., Hill, M. and Miller, N., Methods Membr. Biol., (ed. 
Korn, E. D.), 1974, pp. 1-68. 

14. Papahadjopoulos, D., in Membrane Fusion (eds. Poste, G. and 
Nicolson, G. L.), Elsevier, Amsterdam, 1978, pp. 765-790. 

15. Papahadjopoulos, D. (ed.), Ann. NY Acad. Sci., 1978, 308, 1-412. 

16. Gregoriadis, G. and Florence, A. T., Drugs, 1993, 45, 15-28. 

17. Liposomes in Drug Delivery, in Drug Targeting Delivery (eds. 
Gregoriadis, G., Florence, A. and Patel, H.), Harwood, Yverdon, 
Switzerland, 1993, p. 256. 

18. Handjani, V. R., Ribier, A. and Vanlerberghe, G., Liposome TechnoL, 
2nd edn. (ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, vol. 
3, pp. 201-213. 

19. Gokhale, P., Kshirsagar, N. and Pandya, S., Curr. Sci., 1993, 65, 
448-454. 

20. Ahmad, I., Agarwal, A., Pal, A., Guru, P., Bachhawat, B. and 
Gupta, C, J. Biosci., 1991, 16, 217-221. 

21. Ahmad, I., Sarkar, S. and Bachhawat, B., Biotechnol. Appl. Biochem., 
1990, 12, 550-556. 

22. Bachhawat, B., Mumtaz, S., Paul, A., Moonis, M., Ahmad, I., 
Sarkar, A., Mitra, G. and Sherwani, Z., Natl. Acad. Sci. India, 
1993, B63[3], 265-282. 

23. Senvarma, C., Chem. Phys. Lipids, 1990, 56, 81-90. 

24. Sandeep Kumar, A., East. Pharmst., 1992, 35, 31-33. 

25. Popli, H. and Sharma, S., East. Pharmst., 1992, 35, 81-84. 

26. Singh, A. and Khuller, G., Indian J. Biochem. Biophys., 1993, 30, 
160-165. 

27. Dutta, R., J. Photochem. Photobioi, 1993, 72, 209-216. 

28. Medda, S., Mukheijee, S., Das, N., Naskar, K., Mahato, S. and 
Basu, M., Biotechnol. Appl. Biochem., 1993, 17, 37-47. 

29. Albertini, G., Donatic, C., Phadke, R., Bossi, M. and Rustichelli, 
F., Chem. Phys. Lipids, 1990, 55, 331-337. 

30. Mishra, R. and Singhal, G., J. Biosci., 1990, 15, 193-197. 

31. Pathak, K., Singla, A. and Pathak, D., East Pharmst., 1990, 33, 
37-39. 

32. Lasic, D. and Martin, F., Farm. Vestn., 1989, 40, 197-208. 

33. Gregoriadis, G., McCormack, B., Wang, Z. and Lifely, R., FEES 
Utt., 1993, 315, 271-276. 

34. Zhago, X. K., Baral, S., Rolandi, R. and Fendler, J. H., 7. Am. 
Chem. Soc., 1988, 110, 1012-1024. 

35. Lopez-Berenstein, G., Fainstein, V., Hopfer, R., Mehta, K., Sullivan, 
M. P., Keating, M., Rosenblum, M. G., Mehta, R., Luna, M., Hersh, 


722 


CURRENT SCIENCE, VOL. 68, NO. 7, 10 APRIL 1995 



RE^^IEW ARTICLES 


E. M., Reuben, J., Juliano, R. L. and Bodey, G. P., 1 Infect. Dis., 
1985, 151, 704-712. 

36. Zasadzinski, J. A., Scriven, L. E. and Davis, H. T., Philos. Mag., 

1985, A51, 287. 

37. The Uses of Liposomes in Biology and Medicine, Proc. Conf NY 
Acad. ScL, 1977, Sept. 14-16. 

38. Kirby, C. and Gregoriadis, G., in Liposome Technology (ed. 
Gregoriadis, G.), CRC Press, Boca Raton, 1984, vol. 1, pp. 19-27. 

39. Oku, N. and MacDonald, R. C., Biochemistry, 1983, 22, 855-863. 

40. Kim, S., Turker, M. S., Chi, E. Y., Sela, S. and Martin, G, M., 
Biochim. Biophys. Acta, 1983, 728, 339-348. 

41. Gruner, S. M., Lenk, R. P., Janoff, A. S. and Ostro, M. J., 
Biochemistry, 1985, 24, 2833-2842. 

42. Ke-Chun Lin, Weis, R. M. and McConnell, H. M., Nature, 1982, 
296, 11-17. 

43. Papahadjopoulos, D., Vail, W. J., Jacobson, K. and Poste, G., 
Biochim. Biophys. Acta, 1975, 394, 483-491. 

44. Sato, Y., Kiwada, H. and Kato, Y., Chem. Pharm Bull., 1986, 34, 
4244. 

45. Juliano, R. L. and Stamp, D., Biochim. Biophys. Res. Commun., 
1975, 63, 651. 

46. Lasic, D., Biochem. J., 1988, 256, 1-11, 

47. Lasic, D., Nature, 1991, 351, 163, 

48. Szoka, F. and Papahadjopoulos, D., Proc. Natl. Acad. Sci. USA, 
1978, 75, 4194-4198. 

49. Finer, E. G., Flook, A. G. and Hauser, H„ Biochim. Biophys Acta, 
1972, 260, 49-59. 

50. Evans, E. A., Faraday Discuss. Chem. Soc., 1986, 81, 209. 

51. Gabriel, N. E. and Roberts, M. F,, Biochemistry, 1984, 23, 4011-4015. 

52. Wriggelsworth, J. M., Wooster, M. S., Elsden, J. and Dannell, 
H. J., Biochem. J., 1987, 246, 737-744. 

53. Zwizinski, C. and Wickner, W., Biochim. Biophys. Acta, 1977, 471, 
169-176. 

54. Mazer, N. A., Benedek, G. B. and Carey, M. C., Biochemistry, 
1980, 19, 601-615. 

55. Cevc, G., Liposome TechnoL, 2nd edn., (ed. Gregoriadis, G.), CRC 
Press, Boca Raton, 1993, 1, 1-36. 

56. Ladbrooke, B. D. and Chapman, D., Chem. Phys. Lipids, 1969, 3, 
304-319. 

57. Kirby C. J., Clarke, J. and Gregoriadis, G., Biochem. J., 1980, 186, 591. 

58. Szoka, F. and Papahadjopoulos, D., Anna. Rev. Biophys. Bioeng., 

1980, 9, 467-508. 

59. Plum, G., Korber, Ch. and Rau, G., Cryoletters, 1988, 9, 316. 

60. Crommelin, D. and Van Brommel, E., Pharm. Res., 1984, 1, 159. 

61. Higgins, J., Hodges, N. A., Oliff, C. J. and Phillips, A., J. Pharm. 
Pharmacol, 1987, 39, 577. 

62. Abu-Zaid, S. S., Morii, M. and Takegucchi, N., Membrane, 1984, 
9, 42. 

63. Lijana, R. C., McCracken, M. S. and Rudolph, C. J., Biochim. 
Biophys. Acta, 1986, 879, 247. 

64. Smith, L. L., Chem. Phys. Lipids, 1987, 44, 87. 

65. Damen, J., Regts, J. and Scherphof, G., Biochim. Biophys. Acta, 

1981, 665, 538. 

66. Gabizon, A. and Papahadjopoulos, D., Proc. Natl Acad. Sci. USA, 
1988, 85, 6949-6953. 

67. Lee, A. G., Biochim. Biophys. Acta, 1975, 472, 237-281, 285-344. 

68. Johnston, D. S., Sanghera, S., Pons, M. and Chapman, D., Biochim. 
Biophys. Acta, 1980, 602, 57. 

69. Kunitake, T., Nakashima, N., Takarabe, K., Nagai, M., Tsuge, A. 
and Yanagi, H., i. Am. Chem. Soc., 1981, 103, 5945. 

70. Sadownik, A., Stefely, J. and Regan, S. L., J. Am. Chem. Soc., 

1986, 108, 7789. 

71. Bader, H., Dom, K., Hupfer, B. and Ringsdorf, H., Adv. Polym. 
Sci., 1985, 64, 1. 

72. Miller, D. D., Bellare, J. R., Kaneko, T. and Evans, D. F., Langmuir, 
1988, 4, 1363. 


73. Tanaka, M., Fukuda, H. and Horiuchi, T., J. Am. Oil Chem. 
Soc., 1990, 67, 55. 

74. Ostro, M., Liposomes as Drug Carriers (ed. Gregoriadis, G.), 
Wiley, 1988, pp. 855-862. 

75. Bangham, A. D., Standish, M. M. and Watkins, J. C., J. Mol 
Biol, 1965, 13, 238-252. 

76. Bangham, A. D., DeGier, J. and Greville, G. D., Chem. Phys. 
Lipids, 1967, 1, 225-246. 

77. Kirby, C. J. and Gregoriadis, G., Biotechnology, 1984, 2, 979-984. 

78. Shew, R. and Deamer, D., Biochim. Biophys. Acta, 1985, 816, 1. 

79. Gregoriadis, G. and Florence, A. T., Liposome TechnoL, 2nd 
edn., (ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, vol. 
1, 37-48. 

80. Pick, U., Arch. Biochem. Biophys.', 1981, 212, 186-194. 

81. Ohsawa, T., Miura, H. and Harada, K., Chem. Pharm. Bull, 
1985, 33, 2916-2923. 

82. Papahadjopoulos, D. and Miller, N., Biochim. Biophys. Acta, 
1967, 135, 624-634. 

83. Saunders, L., Perrin, J. and Gammack, D. B., J. Pharm. PJiarmacol, 
1962, 14, 567-572. 

84. Abramson, M. B., Katzmann, R. and Gregor, H. P., J. Biol 
Chem., 1964, 239, 70-76. 

85. Racker, E., Biochem. Biophys. Res. Commun., 1973, 55, 224. 

86. Barenholz, Y., Amseleem, S. and Lichtenberg, D., FEBS Lett., 
1979, 210. 

87. Mayhew, E., Lazo, R., Vail, W., King, J. and Green, A., Biochim. 
■Biophys. Acta, 1984, 775, 169-174. 

88. Klimchak, R. J. and Lenk, R. P., Biopharmacology, 1988, 1, 18. 

89. Bachmann, D., Brandi, M. and Gregoriadis, G., Jnt. J. Pharm., 
1993, 91, 69-74. 

90. Batzri, S. and Kom, E., Biochim. Biophys. Acta, 1973, 298, 
1015-1019. 

91. Lasic, D., Belie, A. and Valentincic, T., J. Am. Chem. Soc., 
1988, 110, 970-971. 

92. Kagawa, Y. and Racker, E., / Biol Chem., 1971, 246, 5471-54S1. 

93. Pidgeon, C., Liposome Technol, 2nd edn., (ed. Gregoriadis, G.), 
CRC Press, Boca. Raton, 1993, vol. 1, pp. 99-110. 

94. Deamer, D., in Liposome Technology (ed. Gregoriadis, G.), CRC 
Press, Boca Raton, 1984, vol. 1, p. 29. 

95. Li, W. and Haines, T., Biochemistry, 1986, 25, 7477-7483. 

96. Hauser, H., Mantsch, H. and Casal, H., Biochemistry, 1990, 29, 
2321-2329. 

97. Papahadjopoulos, D. and Vail, W., Ann. NY Acad. Sci., 1978, 
308, 259-267. 

98. Lasic, D., J. Colloid Interface Sci., 1988b, 124, 428-435. 

99. Washizu, M., Hashimoto, T. and Toyoda Kenkyu Hokoku, 1990, 
43, 17-25. 

100. Angelova, M., Prog. Colloid Polym. ScL, 1992, 89, VI, 127-131. 

101. Dimitrov, D. and Angelova, M., Stud. Biphys., 1987, 119, 61-65. 

102. Kaneko, T. and Sagitani, H., Colloids Surfaces, 1992, 69, 125-133. 

103. Wennerstrom, H. and Lindman, B., Phys. Rep., 1979, 52, 1-117. 

104. Bangham, A., Chem. Phys. Lipids, 1972, 8, 386-397. 

105. Olson, F., Hunt, C. A., Szoka, F., Vail, W. and Papahadjopoulos 
D., Biochim. Biophys. Acta, 1979, 557, 9. 

106. Hope, M. J., Nayar, R., Mayer, L. and Cullis, P., Liposome 
Technol, 2nd edn., (ed. Gregoriadis, G.), CRC Press, Boca Raton, 
1993, vol. 1, pp. 123-139. 

107. Allen, T. M. and Papahadjopoulos, P., Liposome Technol, 2nd 
edn., (ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, vol. 
3, pp. 59-72. 

108. Allen, T. M. and Chonn, A., FEBS Lett., 1987, 223, 42-46. 

109. Gregoriadis, G., Spl. Publ.-/?. Soc. Chem., (Encapsulation and 
Controlled Release), 1993, 138, 75-85. 

no. Woodle, M., Nucl Med. Biol., 1993, 20 (2), 149-155. 

111. Martin, F. and West, G., U.S. Patent 4752425, 1988. 

112. Maierhofer, G, and Dianorm-Geraete, 1985, 17, 129-130, 132-135. 


CURRENT SCIENCE, VOL. 68, NO. 7,10 APRIL 1995 


723 



REVffiW ARTICLES 


113. King, R. G. and Marchbanks, R. M., Biochim. Biophys. Acta, 
1982, 691, 183-187. 

114. Cook, E. J. and Lagace, A. P., US Patent, 4,553,254, 1985. 

115. Koide, K. and Karel, M., Int. J. Food Sci. TechnoL, 1987, 22, 
707-723. 

116. Siciliano, A. A., Cosmet. Toilet, 1985, 100, 43-46. 

117. Vuillemard, J., J. Microencapsulation, 1991, 8, 547-562. 

118. Vidal-Naquet, A., Goosage, J., Sullivan, J., Haynes, J., Giiruth, 
B., Beissinger, R., Sehgal, L. and Rosen, A., Biomater. Artif. 
Cells Artif. Organs, 1989, 17, 531-552. 

119. Schneider, M., Drug Targeting, Proc. Symp. in Nyon, Switzerland, 
(eds Buri, P. and Gumma, A.), 1985, pp. 119-134. 

120. Matsumoto, S., Kohda, M. and Murata, S., J. Colloid Interface 
Sci., 1977, 62, 149-157. 

121. Ishii, F., Takamura, A. and Ogata, H., J. Dispersion Sci. TechnoL, 
1988, 9, 1-15. 

122. Talsma, H., Stenbergen, M., Borchert, J. and Crommelin, D., 
J. Pharm. Set, 1994, 83, 276-280. 

123. Kriftner, R., Liposome Dennatics, Greisbach Conf., 1992, pp. 
101-109. 

124. Ausbom, M., Nuhn, P. and Schreieer, H., Eur. J. Pharm. 
Biopharm., 1992, 38, 133-139. 

125. Sunamoto, J., Baba Y., Iwaraoto, K. and Kondo, H., Biochim. 
Biophys. Acta, 1985, 833, 144. 

126. Inoue, K. and Kitagawa, T., Biochim. Biophys. Acta, 1974, 363, 
361. 

127. Lentz, B., Carpenter, T. and Alford, D., Biochemistry, 1987, 26, 
5389. 

128. Sato, T., Sunamoto, J., Prog. Lipid Res., 1992, 31, 345-372. 

129. Crowe, J., Spargo, B. and Crowe, L., Proc. Natl. Acad. Sci. 
USA, 1987, 84, 1537. 

130. Crowe, J. H. and Crov^e, L. M., Liposome TechnoL, 2nd edn, 
(ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, 1, 229-252. 

131. MacDonald, R. and MacDonald Ruby, Liposome TechnoL, 2nd 
edn, (ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, 1, 
209-228. 

132. Miyajima, K. and Tanaka, K., Trends Glycosci. GlycotechnoL, 
1992, 4, 457-463. 


133. Goodrich, R., Crowe, J., Crower, L. and Baldeschwieler, J., 
Biochemistry, 1991, 30, 5313. 

134. Madden, T., Bally, M., Hope, M., Cullis, P., Schieren, H. and 
Janoff, A., Biochim. Biophys. Acta, 1985. 817, 67-74. 

135. Bally, M., Hope, M., Cullis, P. and Janoff, A., Biochim. Biophys. 
Acta, 1985, 817, 931. 

136. Mayer, I., Hope, M., Cullis, P. and Jaoff, A., Biochim. Biophys. 
Acta, 1985, 817, 193-196. 

137. Zuidam, N., Lee, S. and Crommelin, D., Pharm. Res., 1993, 10, 
1591-1596. 

138. Ollivon, M., Walter, A. and Blumenthal, R., Anal. Biochem., 
1986, 152, 262. 

139. Gupta, C. M., Radhakrishnan, R. and Khorana, H. G., Proc. Natl. 
Acad. Sci. USA, 1977, 74, 4315-4319. 

140. Abra, R. and Hunt, C., Biochim. Biophys. Acta, 1981, 666, 493. 

141. Bhadriraju, K. and Bellare^ J., in Proceedings of the 51st Annual 
Meeting of the Microscopy Society of America, August 1-6, 
Cincinnati, Ohio, USA, 1993. 

142. Vinson, P. K., Bellare, J. R., Davis, H. T., Miller, W. G. and 
Scriven, L. E., J. Colloid Interface Sci, 1991, 142, 74-91. 

143. Nozaki, Y., Lasic, D., Tanford, C. and Reynolds, J„ Science, 
1982, 217, 366. 

144. Reynolds, J., Nozaki, Y. and Tanford, C., Anal. Biochem., 1983, 
130, 471. 

145. Hantz, E., Cato, A., Escaig, J. and Taillandier, E., Biochim. 
Biophys. Acta, 1986, 862, 379. 

146. Li, W., Aurora, T., Haines, T. and Cummins, H. Z., Biochemistry, 
1986, 25, 8220. 

147. Schurtenberger,. P. and Hauser, H., Liposome TechnoL, 2nd edn. 
(ed. Gregoriadis, G.), CRC Press, Boca Raton, 1993, vol. 1, pp. 
253-270. 

148. Barrow, D. A. and Lentz, B. R., Biochem. Biophys. Acta, 1980, 
597, 92. 

149. Huang, C. H., Biochemistry, 1969, 8. 344-352. 

150. Bergelson, L.‘ D., Methods Membr. Biol, 1979, 9, 275-335. 


Received 12 September 1994; revised accepted 16 January 1995 


724 


CURRENT SCIENCE, VOL. 68, NO. 7,10 APRIL 1995 



RESEARCH ARTICLE 


Nucleotide sequence and expression in 
E. coli of the sequence-specific RNA-binding 
nonstructural protein NSP3 of a G2 serotype 
human rotavirus 

C. Durga Rao^’^*, Bhargavi S. Rao^ and Krishne Gowda^ 

^Department of Microbiology and Cell Biology, Indian Institute of Science, Bangalore 560 012, India 
^Centre for Genetic Engineering, Indian Institute of Science, Bangalore 560 012, India 


The sequence-specific single-stranded RNA-binding 
rotavirus nonstructural protein NSP3 plays a central 
role in the assembly and replication of the 11 double- 
stranded RNA segments in the nascent viral particles. 
We have determined the nucleotide sequence of gene 
7, encoding the NSP3, from an Indian isolate of G2 
serotype human rotavirus strain IS2. This is the first 
report of the sequence and expression of NSP3 from 
a human rotavirus. The gene consists of 1066 
nucleotides (nt) in length and potentially codes for a 
polypeptide of 313 amino acids (aa). Comparison with 
the published, corresponding gene sequences from the 
simian SAll and bovine UK strains revealed approxi¬ 
mately 75% identity of the IS2 NSP3 at both nucleotide 
and amino acid levels. An interesting observation is 
that, in contrast to the nucleotide sequence divergence 
in the protein coding region, a stretch of about 80 nt 
in the 3^ untranslated region (3'UTR) is highly con¬ 
served (>97%). This conserved sequence might play 
an important role in the regulation of not only the 
expression of NSP3 but also the viral replication cycle. 
The 34 kDa NSP3 protein has been expressed in E, coli 
at high levels and purified to homogeneity. Antibodies 
produced against NSP3 should facilitate studies on the 
control of expression of NSP3 as well as the replication 
cycle of the rotavirus. 


Rotaviruses are one of the major causes of acute 
gastroenteritis in infants and young children and represent 
the leading cause of infant morbidity and mortality in 
developing countries ^ Rotaviruses have been classified 
into 7 groups, A to G^, and group A rotaviruses are 
the subject of intense study as they represent the major 
pathogens causing diarrhoea in humans. Rotaviruses, 
members of the family Reoviridae, are composed of a 
triple-layered capsid enclosing a genome of 11 segments 
of double-stranded RNA (dsRNA)^’"^. The genome en¬ 
codes 6 structural (VP) and 5 nonstructural (NSP) 
proteins'^. The outer capsid consists of two proteins, 
VP4 and VP7, encoded by gene segments 4 and 9, 


respectively. The outer capsid proteins exhibit two inde¬ 
pendent serotype specificities, the G serotype and the 
P serotype"^. While the major outer capsid protein, VP7, 
represents the G serotype, the spike protein, which Js 
also the viral haemagglutinin, specifies the P serotype. 
To date, at least 14 G serotypes and 18 P types of 
group A rotaviruses have been identified among humans 
and animals^’VP6, the intermediate capsid protein 
encoded by gene 6, represents the subgroup-specific 
antigen and two subgroups I and 11 have been observed 
among rotaviruses^. The inner capsid consists of VP2, 
encoded by gene 2, which encloses the 11 segments 
of dsRNA and the core proteins VPl and VP3 
(ref. 3) 

The nonstructural proteins encoded by the viral genome 
play an important role in the regulated expression of 
the viral genome, viral genome replication and assembly 
as well as inhibition and/or modification of host cellular 
functions. Although much of the previous work was 
directed towards understanding the structure and function 
of the structural proteins, especially the immunogenic 
proteins VP4, VP6 and VP7, studies on the nonstructural 
proteins have begun only in the recent years. The five 
nonstructural proteins NSPl, NSP2, NSP3, NSP4 and 
NSP5 are encoded by gene segments 5, 8, 7, 10 and 
11, respectively"^. Although the function of NSP5 is 
unclear, NSP4 (NS28) was shown to function as the 
intracellular receptor, in the endoplasmic reticulum, for 
subviral particles during viral maturation^. NSPl, NSP2 
and NSP3 were shown to possess RNA-binding activity 
and to be associated with the replication intermediates^"^^ 
but the precise roles of these proteins in viral replication 
are unclear. 

Recently, NSP3 was shown to bind selectively the 3 ' 
terminal sequences that are conserved in all the 11 
segments of rotaviral RNA^'^’^^ and to be preferentially 
localized to the cytoskeletal subcellular compartment in 
the cell*^ NSP3 is also the major component of the 
replication intermediates and has been implicated to play 
a central role in the assembly and replication of the 11 
RNA segments in the nascent replication structures'^. 
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Although the genes encoding NSPl, NSP2, NSP4 and 
NSP5 have been sequenced from several human and 
animal group A rotaviruses*”^^’the sequence of 
NSP3 from,a human rotavirus has not, so far, been 
reported. The only group A rotavirus strains for which 
the NSP3 sequence has been reported are the simian 
SAll and bovine 

In our laboratory, we are studying the genetic variation 
in human rotaviruses isolated in India to determine the 
extent of genetic diversity from prototype viruses. Recent¬ 
ly, we have reported isolation and characterization of 
GlOPll type human asymptomatic neonatal viruses that 
are multigene reassortants between a bovine serotype 
10 rotavirus and a human rotavirus^^’In this study, 
we report the complete nucleotide sequence of the NSP3 
from an Indian isolate of the human G2 serotype, 
expression of the protein in E, coli and its purification 
to homogeneity. 

Methods 

Extraction of viral dsRNA 

The isolation and serotypic characterization of 
rotaviruses, including the G2 serotype rotavirus isolate 
IS2, isolated from children suffering from diarrhoea, 
admitted to various hospitals in Bangalore, has been 
described earlier^^. Total nucleic acids from the clarified 
supernatants of 20% suspension of the stool sample 
containing IS2 were extracted with phenol-chloroform 
in the presence of 1% SDS and precipitated with ethanol 
as described^^. 

Purification of the viral dsRNA segments 7, 8 and 9 

The viral double-stranded RNA extracted from the IS2- 
positive faecal sample was electrophoresed on a 1% 
agarose gel in the presence of ethidium bromide. The 
closely migrating dsRNA segments 7, 8 and 9 were 
eluted together on to a dialysis membrane and the RNA 
was recovered from the membrane in a buffer containing 
0.3 M sodium acetate and 1 mM EDTA. The RNA was 
precipitated with ethanol after extraction with n-butanol, 
followed by phenol-chloroform. 

Synthesis of cDNA 

The dsRNA segments were denatured with methyl mer¬ 
curic hydroxide and the 3' ends were polyadenylated 
using E. coli poly(A)-polymerase^^. Double-stranded 
cDNA was synthesized directly on the oligo(dT)-tailed 
plasmid according to the method described by Okayama 
and Berg^"^. A cDNA library was constructed in E. coli 
HBIOI. 


Identification of NSP3 gene-specific clones 

The cDNA library was screened with [^^P]-labelled mixed 
cDNA probes for genes 7, 8 and 9. Clones containing 
gene-7-specific sequences were identified by comparison 
of the sequence of the 5' and 3' terminal 100 nt with 
that of bovine UK and SAll strains^*’ 

Oligonucleotide primers 

The different primers used for nucleotide sequence analysis 
are: 5'GAAGTGTTACTTCTGCTCT 3' (5' primer for 
Okayama and Berg vector); 5'ATCGTCATCTATCAT- 
TA 3' (position 421-437); 5' TAATGATAGATGACGAT 
3' (position 437^21); 5'CTACAATTGATCAGGCTT 3' 
(position 228-245); 5'AAGCCTGATCAATTGTAG 3' 
(position 245-228); 5' TTGAACAACAATTCAAT 3' (posi¬ 
tion 810-826) and 5'ATTGAATTGTTGTTCAA 3' (posi¬ 
tion 826-810). The 5' and 3' primers used for 
amplification of the gene 7 open reading frame by PCR 
are 5^A TCCCGG/ ATGCTCAAGATGGAGTCT V and 5' 
A TAAGCTT/ ATAGGTATAAGTGTA 3', respectively. 

Nucleotide sequence analysis 

The complete nucleotide sequence was generated by 
sequencing either the original DNA clones or after 
subcloning the cDNA insert into the BamYil site of 
pBluescript KS"^. Nucleotide sequence was determined 
by dideoxynucleotide-mediated chain termination method^^. 
The original cDNA clones were sequenced at the 5' 
end using a primer specific for the Okayama and Berg 
vector^"^. Sequence of both the strands was determined 
using KS and SK primers on the vector as well as 
IS2-gene 7-specific primers. The sequence data were 
processed on a DecA^ax-6000 main frame using version 
6.1 of the GCG application software. 

Expression of NSP3 in E. coli 

As the complete cDNA of gene 7 contained 5' and 
3' untranslated sequences, the gene was tailored for 
expression in E, coli by polymerase chain reaction 
(PCR)^^ using 5' primer that contained the ATG codon 
and the sequence downstream of it and the 3' primer 
containing the sequence upstream of the translational 
terminator codon. The 5' primer contained a recognition 
site for Smal and the 3' primer for HindlU. The PCR- 
amplified DNA containing the NSP3 open reading frame 
was digested with Smal and HindUl and was ligated 
to Ndel and //mdlH-digested pET20b(+) vector^^ 
(Novagen), in which the Ndel site was converted to 
blunt end by fill-in reaction using Klenow fragment of 
DNA polymerase I. E. coli HBlOl was transformed 
with the chimaeric plasmid DNA and colonies positive 
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for NSP3 gene sequence were identified by restriction 
enzyme analysis of the plasmid DNA. The recombinant 
pETNSP3 plasmid DNA was then used to transform E. 
coli BL21 (DE3) strain for expression of NSP3. Colonies 
expressing the expected 34kDa NSP3 were identified 
by analysis of the bacterial lysates by SDS- 
polyacrylamide gel electrophoresis (SDS’•PAGE)^^ 

Purification of recombinant NSP3 

Recombinant clones expressing NSP3 were grown in 
Luria broth and were induced in the presence of 0.4 
mM isopropyl P-thiogalactoside (IPTG) for 2-3 h when 
the cultures reached an OD600 of 0.40. The bacterial 
pellets were lysed by sonication, the inclusion bodies 
were purified and dissolved in phosphate buffer con¬ 
taining 8 M urea^^. NSP3 was then purified by immo¬ 
bilized nickel ion affinity chromatography using Ni^"^- 
NTA-agarose resin^^ as the recombinant. NSP3 contains 
6 consecutive histidines at the carboxy terminus that 
form coordination complexes with the immobilized Ni^^ 
in the resin. The bound protein was eluted from the 
resin in phosphate buffer containing 500 mM imi- 
dazole^^’^^. 

Results 

Sequence analysis 

The NSP3 gene from the G2 serotype human rotavirus 
strain IS2 was 1066 nt in length and had a single long 
open reading frame from position 26 to 967 that codes 
for a polypeptide of 313 amino acids (Figure 1). Two 
in-frame AUG codons were found at positions 26-29 
and 33-35 as found in other NSP3 genes. The second 
AUG codon at position 33 was in the proper context 
for translation in eukaryotes^°. The IS2 gene is shorter 
by 39 and 29 nucleotides than that of SA114F and 
bovine UK, respectively. While the 3'UTR of SA114F 
and SAll NSP3 gene is 132 and 131, respectively, that 
of IS2 and bovine UK is 99 and 109 nt, respectively 
(Table 1), The 3TJTR of SAll is identical to that of 
SAl 14F except for a single nucleotide deletion at position 
1011 and both the simian strains contain almost identical 
NSP3. The difference in the size of 3'UTR of NSP3 
gene is due to deletions in two regions downstream of 
the translational termination codon (Figure 2). The fact 
that the 3'UTR of gene 7 from human IS2 and bovine 
UK strains contains deletions in the same region suggests 
a similar evolutionary origin for the NSP3 of these 2 strains. 

The human IS2 gene sequence was 78 and 75.8% 
homologous at the nucleotide and 78 and 76.9% identical 
at the amino acid level with that of bovine UK and 
simian SA114F, respectively. While the NSP3 gene from 
IS2 and bovine UK potentially codes for a polypeptide 


of 313 aa, that of SAll and SA114F codes for a protein 
of 315 aa (Table 1). Multiple-sequence alignment of 
the predicted amino acid sequences using the program 
MULTALIN^* revealed a 2-amino-acid deletion in the 
NSP3 from IS2 and bovine UK viruses following amino 
acid 308 (Figure 3). Thus, the deletion of amino acids 
309 and 310 in the NSP3 of IS2 and bovine UK with 
reference to that of SA11/SA114F places glutamic acid 
as the carboxy terminal amino acid in all the NSP3 
proteins. 

NSP3 is an acidic protein with the isoelectric point 
ranging from 4.48 to 6.04 as determined by the 
programme isoelectric (Table 1). The IS2 NSP3 is 
comparatively more basic than that from other strains, 
with a pi value of 6.04 (Table 1). 

There are four cysteines in the predicted amino acid 
sequence of NSP3 of IS2. Only two of these cysteines 
at positions 123 and 139 are conserved in the NSP3 
of all the strains whose sequence is known so far (Figure 
3). These two cysteines might be critical for inter- 
molecular covalent interaction in the formation of 
oligomeric structures of NSP (ref. 13). The basic domain 
implicated in binding to ssRNA is located between 
amino acids 81 to 150 and the basic amino acids are 
highly conserved in all the strains. The consensus se¬ 
quence (I/L) XXM (I/L) (S/T) XXG of ssRNA binding, 
found in the NS2 protein of orbiviruses and Sigma NS 
protein of reoviruses, is also conserved in the NSP3 of 
rotaviruses except that the methionine residue is not 
conserved in IS2 NSP3. The heptad repeat region, ob¬ 
served in cellular myosin heavy-chain^^ and neurofilament 
L or M p^oteins^^ responsible for oligomerization is 
also found in the NSP3 from position 181 to 236. The 
human NSP3 differs from that of simian^ ‘ and bovine 
UK strains in that the putative leucine zipper domain 
located near the carboxy terminusis not well-defined 
due to replacement of most of the leucine residues. 

An interesting feature of the 3'UTR of the genes 
encoding the NSP3 is the high degree of conservation 
of a stretch of about 80 nt from the 3' end among all 
the group A rotaviruses (Figure 2). Within this stretch 
the IS2 gene 7 shared greater than 96% homology with 
that from other strains. This is in contrast to the observed 
76-78% homology observed in the protein coding region 
of the gene. Interestingly, the 25 nucleotide sequence 
of the 5'UTR is also conserved in all the strains. 

Expression in E. coli 

As shown in Figure 4, E. coli BL21 (DE3) cells 
transformed with the recombinant plasmid pETNSP3, 
which contained the NSP3 coding sequence in-frame 
with the sequence encoding the six carboxy terminal 
histidine residues in the vector, expressed the 34 kDa 
NSP3 at high levels (lanes 4 and 5). The recombinant 


CURRENT SCIENCE, VOL. 68, NO. 7,10 APRIL 1995 


727 



RESEARCH ARTICLE 


10 30 50 70 90 

1 OOCTTTTJy^TOCTTTTCilOTQC8TTQJkTOCTCJyi.(UkTO<m<m:TACTaiOCJiiQjmKJOCATCTC^^ 

M LKMISTQQIQISZIMSSFIAA 


90 


110 130 150 • 170 

91 AOTTTQTCOCTOCJ^TTCTACXSTTaaJU^TTiyWfOaaTATTCJU^TJ^OATTAPAJ^OlU^TATXTi^TAaAOTT^^ 

VCHCTSTLSLMOIQTDYKSVYTEVKSKFDF 


180 


190 210 230 250 270 

181 TGTAATGGTAaATTCTaOCGTTAAG2yiTJ^TCrAATAOQTAAAaCACK:TACAATT(mTCAa<K;TTTaAYAOOTAAGTTTA0TTCATCTAT 
V MVD8GVKHMLI0XAATIDQALI6KFS8SZ 


270 


290 310 330 350 

271 CAGAAATAOJykATTGCmTaACTaATTCAAAAACTOTAOCaAOATTAOATOAAOATOTQAACAAACTTACULTTATTATTOTC^^ 

HHRNWMTDSATVAELDSDVHXLRLLLS8X0 


360 


370 390 410 430 450 

361 AA7^QA7CAAAAAATQAQAOTTCTTAAT<X:rmTTTTAOTOTTAAOAGAOTACCTOOAAAATCOTCATCTAT(:UlTTAAATOTA^ 

IDQXMEVLMACF8VXRVFGKSSSIIK CTRL 


450 


470 490 510 530 

451 jykTOAAAGAQAiyykTAOAAC<3YCK}AOAA<m:aAI^TOaATaATOCATTaLTTaAAQAAAQAATOQAAATTQACACTATAaATTaOAAATC 
MXIXISROXVBVDDAFIIXRMSIDTIDWXS 


540 


550 570 590 610 630 

541 CAQATATOATCAACTTQAAAQACQATTTQAATC(rrTAAAACACK:OAOTTAAYQAAAAOTACAAYAATrCIO<n»rATTARO(K:AA(K3AAAOA 
RYDQLERRFERLKQRVHSXYlfHWVIXARKD 


630 


650 670 690 710 

631 TAACGAGAACATGAACTCTCTTCAGAAYOTTATTTaSCAACAACAAGCTCATATCAATOAATTACAAATATATAATAATAAACTAGAOCQ 
H1MMHSLQHVI8QQQAHIMELQIYMNXLXR 


720 


730 750 770 790 810 

721 TOATTTAOyiTatAAAATJ^CU^TCAOTTAYTTCATCCATTaAATOOYACOTAaWTCTATOOAACTATCAOATOACATTAAATCAaATAT 
DLQSKIGS^VISSXSWYLRSMB.LSDDIXSDI 


810 


830 850 870 890 

811 TOAACAACAATTCAATTCAATAQATCATATTAATCCAOin?AATOCTTTTOATaATTrTOAaTCTATTCTTCOTAATTTAATATCTOATTA 
BQQFKSIDHIMPVHAFDDFS8ILRMLISDY 


900 


910 930 950 970 990 

901 TG AT AOAATTTTTATTATOTTTAAJWIGATTaTTOa^ayyWTAJOTACACrrATACCYATGAGTAAACATAJyCATATTACCaLTC 
DRIFIMFXGLLQQflWYYYTYB* 


990 


1010 1030 1050 

991 GTAACCCTCTATGAGCACAATAOTTAAAAGCTAACACTGTCAAAAACCTAAATOOCTATAOGGOCGTTATGTaACC 1066 


Figure 1. Complete nucleotide and predicted amino acid sequence of gene 7 encoding the NSP3 protein from human rotavirus strain 
IS2. Nucleotide sequence was generated from several overlapping cDNA clones representing the NSP3 gene (see text for details). cDNA 
clones were isolated from a cDNA librar}' of genomic RNA segments 7, 8 and 9, purified, directly from a clinical sample containing 
the symptomatic rotavirus IS2, after electrophoresis in an agarose gel. The nucleotide sequence has been submitted to EMBL database 
under the accession number X76645. 


Table 1. Comparison of the gene and the gene product, NSP3, from different rotaviruses 


Rotavirus 

Animal 


Gene segment 

Gene product 

Length 

(n) 

Length of 
3'NCR 

Homology 

(%) 

Size 

Homology 

(%) 

pi 

Group A 








HulS2 (this work) 

Human 

1066 

99 

— 

313 

— 

6.04 

BoUK (Ward et 

Bovine 

1076 

109 

78.1 

313 

78 

5.43 

SAll (Both et al}^) 

Simian 

1104 

131 (c) 

75.8 

315 

76.7 

5.63 

SAU4F (Mattion et alP) 

Simian 

1105 

132 (c) ■ 

75.8 

315 

77.3 

5.63 


n, number of nucleotides; c, corrected length. 
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960 980 1000 1020 
SA114F TATCAATATTCATTTGGTTGCGAATAACCATTTTGATACATGTTGAACAATCAAATACAGTGTTAGTATGTTGTCATCTA 102 6^ 

BoUK .GA A CA AT GT .A A TTC C T T. AC 

Huisa C.A T A ACC AT G A . C T. AC T 


1040 1060 1080 1100 
SAl 14 F TGCATAACCCTCTATGAGCACAATAGTTAAAAOCTAACACTGTCAAAAACCTAAATGGCTATAGGGGCGTTATGTGGCC 1105 

BoUK CA G ^ 

HUIS2 CA G A 


Figure 2. Nucleotide sequence alignment of the 3' region of the NSP3 genes. The sites of deletions in human IS2 and bovine UK genes 
compared to SA114F are indicated. The translational termination codon is underlined. 


HuIS2 

MLKMESTQQIGISIIHSSFEAAVCRCTSTLELMGIQYDYNEVYTRVKSKFDFVMVDSGVK 

60 

BoUK 


MAS T 

VAA 


I 

y D 


SAll 


MAV 

VAA A 

M 

E QDI S M 

D 


SA114F 


MAV 

VAA A 

N 

E QDI 8 N 

D 


HuIS2 

NNLlGKAATIDQALIGKFSSSIRNRNfniTDSKTVARLDEDVNKLRLLLSSKGIDQKMRVL 

120 

BoUK 

L 

N G VM 

K 

R 

K MH 



SAll 

P 

I NN G A 

LA 

TSRP 

K MM 



SA114F 


I MM G A 

LA 

TSRP 

K MM 



HuIS2 

_»_*_ 

NACFSVKRVPGKSSSlIKCTRLHKEKIERGEVEVDDAFIEBRMEIDTIDHFvSRYDQLERR 

180 

BoUK 


I V 

D 

A 

S V K V V 



SAll 


I K 

RO L 


S VD K V 

E Q 


SA114F 


I K 

RD L 


S VD K V 

E Q 


HuIS2 


240 

BoUK 


TT Q K V 

Y 


MQ AO M CS 

A N V 


SAll 

s 

L M 

H 

P 

A V 

N 


SA114F 

s 

L M 

H 


A V 

M 


HuIS2 

VISSIEWYLRSMELSDDIKSDIEQQFNSIDHINPVNAFDDFESILRNLISDYDRIFIMFK 

300 

BoUK 

LV V 

K P EV T 

L 

T S 

I I L ILI 

H T L 


SAll 

LT 

DPE A 

I 

A 

LH L VI 

KL L 


SA114F 

LT 

DPE A 

I 

A 

LH L VI 

KL L 


HuIS2 

GLLQQSNY..TYTYE 315 






BoUK 

R C 

E A 






SAll 

I RC 

QYSFGC 






SA114F 

I RC 

QYSFGC 







Figure 3. Comparison of the deduced amino acid sequences of NSP3 from group A rotavirases. The regions of predicted structural features 
of NSP3 are indicated. The basic region is overlined and the heptad repeat regions are underlined. Majority of the leucine residues located in 
the carboxy terminal leucine zipper domain (overlined by broken line) present in the simian virus SA114F have undergone substitutions in 
human IS2. The three-amino-acid region where two cysteines are located (position 24-26) near the amino terminal region is overlined. The 
four-amino-acid stretch conserved between IS2 and bovine UK but different in SA114F in the basic region is marked by a thick bar. The 
conserved cysteines at positions 123 and 139 are marked by asterisks. 
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kDa M 6 5 4 3 2 1 

200 hmmm 





25.7 



Figure 4. SDS-polyaerylainiclc gel clcctropliorctic analysis of NSP3 
expressed in £. coli. Lanes 1 and 2 represent total cell lysates of E. 
coli BL21 (DE3), transformed with pET20b(+), uninduced and induced 
with 0.4 mm. Isopropyl P-D-thiogalactoside, respectively. Lane 3 rep¬ 
resents uninducted total lysate from cells containing the recombinant 
plasmid pETNSP3; Lanes 4 and 5 represent induced total lysates of 
two individual colonies containing pETNSP3. Lane 6 represents the 
NSP3 purified by single-step affinity chromatography on Ni-NTA- 
agarose resin. M, protein molecular weight markers. 

protein was found to be predominantly present in the 
inclusion bodies. NSP3 from the inclusion bodies solubi¬ 
lized in 8 M urea was purified to homogeneity by a 
single-step affinity chromatography on a Ni-NTA- 
agarose column (lane 6). 

Discussion 

Rotaviruses, besides being the major pathogens of 
infantile diarrhoea in humans, represent excellent model 
system for studying the molecular mechanisms of replica¬ 
tion and assembly of the multipartite genomes in the 
nascent viral particles. In general, in all the group A 
rotaviruses, the first four and the last six nucleotides 
are highly conserved in all the 11 dsRNA segments^^. 
NSP3, by its ability to bind selectively the 3' terminal 
conserved sequences of the rotaviral RNAs, has been 
implicated as the central player in the assembly of the 
11 positive-sense RNAs into the early replication inter¬ 
mediates, where the ssRNA segments are replicated to 
form dsRNA segments Moreover, NSP3 has been 


shown to form oligomeric structures and was found to 
be predominantly localized on the cytoskeletal compart¬ 
ment in the cell on which the replication intermediates 
are assembledIn spite of the importance of NSP3 in 
rotavirus replication, the gene has not been sequenced, 
so far, from a human rotavirus. 

Amino acid sequence comparisons, in the present 
study, indicate that while the ssRNA-binding domain 
(basic region) and the heptad repeat region are highly 
conserved in all the strains, the carboxy terminal leucine 
zipper domain is not conserved. This observation cor¬ 
roborates the finding that the leucine zipper domain in 
the NSP3 of SAll is not absolutely required for 
oligomerization^^. The present studies also suggest, 
though not experimentally proven, that the cysteines at 
positions 123 and 139 are critical for the intermolecular 
covalent interaction in the formation of oligomeric struc¬ 
tures of NSP3 as these are the only cysteines that are 
conserved in all the three strains. 

The most interesting observation from our studies is 
the extreme conservation of a stretch of 80 nt in the 
3'UTR of all the NSP3 genes in contrast to the protein 
coding region (Figure 3). This region might play an 
important role in the regulated expression of the NSP3. 
Sequences located in the 3TJTR of certain cellular 
mRNAs are known to play an important role in the 
regulation of the stability, translation and intracellular 
sequestration of the mRNAs^'^^^ NSP3 has been observed 
to be associated with the cytoskeleton^^ although the 
molecular basis for such an association is not clear. In 
this context, it is reasonable to speculate that the highly 
conserved 3TJTR could mediate selective localization 
of the mRNA by interaction with specific cellular factors, 
thereby facilitating the translation of the mRNA directly 
on the cytoskeleton. 

Availability of antibodies against NSP3 should 
facilitate studies on the structure and function as well 
as regulation of the expression of NSP3. The role of 
3TJTR in the overall regulation of the expression of 
NSP3 and its possible interaction with cellular factors 
are being investigated. 
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Reactions of N-benzylethanolamine 
over zeolites 

R. B. C. Pillai 

Department of Chemistry, Indian Institute of Technology, 

Madras 600 036, India 

The possibility of the cydodehydration of A^-benzyl- 
ethanolamine over zeolites to obtain nitrogen hetero- 
cydes was investigated. Intramolecular alkylation 
(cydodehydratton) has not been reported on zeolites. 
In the present study the reactions of iV-benzyl- 
ethanoiamine over Na, H and Ce forms of Y and 
ZSM-5 zeolites at temperatures between 350 and 
450‘’C were performed in a flow reactor. The cyclized 
product was not obtained. Compounds like ethylben¬ 
zene, styrene, 1,1-diphenylmethane, 1,2-diphenylethane, 
secondary amines and imines were formed. 

Intramolecular cyclization of acyl or aroyl derivative 
of the type RCH CH-NHCOR with PCI3, POCI3, 

AICI3, ZnCl 2 , FeCl3 in boiling benzene or toluene giving 
isoquinoline has been reported^"^. Ethanolamine itself 
over HZSM-5 has been reported to yield piperazine and 
diazatricyclooctane^. Since intramolecular alkylation has 
not been reported on zeolites, a study on the reactions 
of A-benzylethanolamine over zeolites has been carried 
out. The dehydration of propanol over zeolites had been 
reported in our earlier studies^. 

ZSM-5 and Y-type zeolites were obtained from IPCL, 
Thane, India, and Union Carbide, USA, respectively, H 
and Ce forms were prepared by ion exchange using 
standard procedures. 

The reactions were carried out in a flow reactor made 
of a pyrex tube of 2.5 cm diameter and 40 cm length 
kept in a cylindrical ceramic furnace mounted with a 
downward slope. The catalyst (3 g) was kept in the 
middle isothermal region of the reactor. The space above 
the catalyst was packed with pyrex glass beads, which 
acted as a preheater zone. Provision was made to read the 
inside temperature of the catalyst zone by a thermocouple. 


Before each experiment, the catalyst was activated at 
500°C for 4 h. Thereafter, the temperature was brought 
down to the reaction temperature in a stream of pure, 
dry nitrogen. The liquid mixture was introduced at the 
top of the reactor by means of an infusion pump. In 
a typical experiment a solution of 3 ml of A-ben- 
zylethanolamine in 27 ml of benzene was introduced at 
the rate of lOml/h into the catalytic reactor packed 
with 3 g of zeolite. The products were passed through 
a water-cooled condenser and collected in an ice-cooled 
receiver. The liquid products were analysed by GC-MS 
and identified by mass spectral fragmentation and by 
comparison with authentic samples. Gaseous products 
were not analysed. 

The results of the reactions of A-benzylethanolamine 
over the zeolites at 350, 400 and 450^0 are summarized 
in Tables 1 and 2. The conversion was 100% in all 
the reactions. The weight per cent recovery in the form 
of liquid condensate was 75-80%. Losses were due to 
gas formation (which was not analysed) and due to 
coke formation (analysed in some cases). 

Capillary gas chromatography revealed up to 13 peaks, 
of which the more prominent 9 peaks could be identified 
by their mass spectra as discussed earlier. All these 
were monosubstituted benzene derivatives, Cyclized 
products which would be disubstituted benzenes were 
not formed under any of the reaction conditions. 
Ethanolamine itself over HZSM-5 zeolite has been 
reported to yield piperazine and diazatricyclooctane^ In 
the present study, no piperazine derivative could be 
identified. 

Some of the products, especially diphenylmethane (6) 
and probably also ethylbenzene and styrene (1 and 2) 
seem to have arisen by the reaction of the fragments 
from A-benzylethanolamine with solvent benzene. Com¬ 
pound (8) may also arise via such a route (reaction of 
styrene with benzene). The other products can be clas¬ 
sified into two categories. One arising from the dehydra¬ 
tion of A-benzylethanolamine. These include the imines 
(3 and 4) and their hydrogenation product (5). Selectivity 


Table 1. Reactions of yV-benzylethanolamine over zeolite catalysts 


Temp. 


Wt. % composition of the products 


Catalyst 

(T) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Unidentified 

Na-ZSM-5 

350 

13.19 

2.0 

13.18 

5.5 

15.2 

13.07 

26.06 

5.0 

4.3 

2.0 

Na-ZSM-5 

400 

3.10 

5.27 

6.82 

4.47 

10.90 

13.94 

33.11 

15.74 

3.60 

3.0 

Na-ZSM-5 

450 

2.2 

7.04 

4.17 

1.93 

7.13 

17.43 

38.06 

15.38 

1.91 

4.75 

H-ZSM-5 

350 

13.0 

1.2 

18.0 

7.9 

5.4 

3.4 

16.5 

16.7 

1.5 

16.4 

H-ZSM-5 

400 

5.0 

6.3 

6.6 

6.6 

7.3 

4.4 

20.8 

16.8 

1.5 

25.3 

H-ZSM-5 

450 

3.44 

7.58 

2.06 

4.12 

17.24 

11.72 

24.82 

18.78 

1.7 

8.14 

A-benzylethanoIamine 

= 3 ml; benzene = 

27 ml; weight of catalyst 

: = 3g; 

flow rate 

= lOmVh; 

conversion: 

100% in all cases. 


1. C 6 H 5 -CH 2 -CH 3 5. C 6 H 5 -NH-CH 2 -CH 3 

2. C6H5-CH=CH2 6. C 6 H 5 -CH 2 -C 6 H 5 


3. C6H5-CH2-N=CH-CH3 7. C 6 H 5 -CH 2 -CH 2 -C 6 H 5 

4. C6H5-CH=N-CH2-CH3 8. C6H5-CH(CH3)C6H5 


9. C6H5-CH2-N=CH-C6H5 
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Table 2. Reaction of iV-benzylethanolamine over zeolite catalysts 


Catalyst 

Temp. 

(“C) 




Wt. % composition of the products 




1 

2 

3 

4 

5 

6 

7 

8 

9 Unidentified 

Na-Y 

350 

10.3 

3.6 

28.0 

3.2 

4.4 

9.7 

17.6 

2.9 

10.1 

10.2 

Na-Y 

400 

5.7 

4.7 

18.0 

4.6 

5.7 

10.2 

25.0 

3.9 

9.1 

13.1 

Na-Y 

450 

3.9 

9.7 

13.0 

6.9 

7.8 

12.0 

27.7 

4.7 

8.0 

6.3 

H-Y 

350 

8.9 

3.5 

9.2 

6.4 

8.0 

14.9 

19.4 

1.7 

5.4 

22.0 

H-Y 

400 

4.8 

8.4 

6.0 

4.0 

9.2 

6.5 

26.7 

3.8 

4.5 

26.0 

H-Y 

450 

1.8 

10.7 

5.2 

2.1 

11.4 

6.0 

30.7 

9.6 

• 4.7 

17.8 

Ce-Y 

350 

8.3 

4.2 

9.3 

10.8 

6.9 

6.5 

21.7 

7.4 

12.5 

12.4 

Ce-Y 

400 

7.3 

5.1 

5.3 

9.1 

5.3 

9.8 

29.1 

8.0 

11.0 

10.0 

Ce-Y 

450 

4.7 

8.8 

4.5 

4.9 

2.9 

11.57 

35.3 

9.6 

10.8 

7.0 


//-benzylethanolamine = 3 ml; benzene = 27 ml; weight of catalyst = 3 g; flow rate = 10 ml/h. 


Table 3. 


Catalyst 

Oxidation 
temp, of coke 
(“C) 

Wt. of 
carbon 
(g) 

Percentage loss 
of NBEA 

Na-ZSM-5 

500 

0.1623 

11.18 

H-Y 

500 

0.1745 

12.21 

Ce-Y 

500 

0.2019 

14.11 


Weight of catalyst = 3 g (after 3 h of use); reaction conditions: 10% 
//-benzylethanolamine (NBEA) in benzene (30 ml); rate of flow = 10 
ml/h; temp. = 400“C. 


for these products is highest on the Na-Y catalyst at 
350°C. One of the major products, 1,2-diphenylethane 
(7), is formed in most of the high-temperature reactions 
of benzyl derivatives, probably via benzyl radical. The 
probable routes for the formation of the products in 
Scheme 1 are only suggestive. The product composition 
under different conditions does not give evidence for 
any shape selectivity. The expected cyclized heterocyclic 
compound was not formed, may be due to the high 
temperatures under which the reactions were carried out. 
The investigation will be continued at lower temperatures 
in batch type to see the possibility of cyclodehydration 
of A^-benzylethanolamine. 

Essentially all catalysts deactivate over a long period 
of use. Some types of deactivations are only temporary 
in the sense that the catalyst can be regenerated to 
restore all or part of the activity lost. Reversible deac¬ 
tivation is caused most frequently by carbonaceous 
deposit on the catalyst due to side-reactions. The deposits 
reduce the activity by blocking of pores in the matrix 
or binder and by covering active sites. Coking, ageing 
and regeneration of a large number of zeolites have 
been reported^”^^ Derouane*^ has classified various ways 
in which coke may cause pore blockage. Acidic catalysts 
may deactivate because of the chemisorption by basic 
compounds containing nitrogen, as well as by compounds 
containing oxygen or sulphur. In some cases, simple 
heating of the catalyst in an inert atmosphere to desorb 
these poisons will restore the activity. Otherwise, 
regeneration can be achieved by heating at elevated 
teinperatures in a stream of air. 


FORMATION OF PRODUCTS FROM N-BENZYLETHANOLAMINE 



Scheme 1. 
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Coke formation during the reaction was determined 
by heating the catalyst at SOOX for 6h in a current 
of air. The carbon dioxide evolved was absorbed in a 
known volume of the standard barium hydroxide solution. 
The barium carbonate formed was separated quantita¬ 
tively. After drying it was weighed. The weight of 
carbon was determined gravimetrically. The unreacted 
barium hydroxide solution was titrated against hydro¬ 
chloric acid. From this the weight of coke on catalyst 
was determined volumetrically also. Coke formation was 
maximum on Ce-Y catalyst. The acidity of the cerium 
form of zeolite is higher than that of H and Na forms. 
It is observed that the formation of coke from the 
amines is more on more acidic forms of zeolite. 

A-benzylethanolamine reacts over Y and ZSM-5 
zeolites at 350-450” C to yield a variety of products, 
including imines formed by dehydration, products formed 
by reaction with the solvent benzene and 1,2- 
diphenylethane. However, the expected cyclodehydration 
could not be achieved. 
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Production of singlet oxygen by 
sanguinarine and berberine 

M. Maiti* and Amala Chatterjee*"** 

Indian Institute of Chemical Biology, Calcutta 700 032, India 
**J. D. Birla Institute of Home Science, Calcutta 700 020, India 

Production of singlet oxygen by sanguinarine and 
berberine has been studied from absorption spectros¬ 
copy measurements using dimethylfuran as the singlet 
oxygen acceptor. Comparative spectroscopic studies 
show that the rate of singlet oxygen generation of 
sanguinarine is higher than that of berberine. 

Alkaloids occupy an important position in applied 
chemistry and play an indispensable role in medicinal 
chemistry. Alkaloid^s with fused aromatic rings have the 
potential to form a molecular complex with DNA and 
are of particular interest because they exhibit a broad 
range of biological activities'"^. Sanguinarine (Structure I, 
Figure 1) is a benzophenanthridine alkaloid while ber¬ 
berine (Structure II, Figure 1) is a benzodioxolobenzo- 
quinolizine alkaloid. Both compounds have been reported 
to possess antitumour, antimicrobial and various other 
biological properties'’^. It has been shown that both 
compounds bind to DNA by a mechanism of intercala¬ 
tions"^^. Recently, a large number of biologically active 
compounds, some of them accepted to be potent drugs, 
have been found to pfeduce singlet oxygen - an excited 


*For correspondence. 


form of molecular oxygen that is involved in many 
photosensitized biological activities^"^"^^. In this com¬ 
munication we describe our attempts to demonstrate the 
production of singlet oxygen by sanguinarine and ber¬ 
berine from absorption spectroscopy measurements. 

Sanguinarine chloride and berberine chloride were 
purchased from Aldrich Chemical Co., St. Louis, MO, 
USA, and Sigma Chemical Co., St. Louis, MO, USA, 
respectively, and were used after checking their purity 




Figure 1. Chemical structures of sanguinarine (structure I) and ber¬ 
berine (structure II). 
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by thin-layer chromatography, and then by NMR, UV 
absorption and fluorescence emission. Both the com¬ 
pounds are highly soluble in distilled water. The con¬ 
centration in the aqueous solution was measured using 
an extinction coefficient (e) of 24,271 M"^ cm"^ at 327 nm 
for sanguinarine, and of 22, 500 M"^ cm"^ at 344 nm for 
berberine. Dimethylfuran (DMF) of analytical grade was 
obtained from Sigma Chemical Co., St. Louis, Mo, 
USA. All other reagents used were of analytical grade. 
Deionized distilled water was used throughout. Experi¬ 
ments were carried out in CP buffer (0.00466 M citric 
acid and 0.01068 M disodium phosphate) pH 5.2. The 
solution pH was measured in a PH M84 research pH 
meter (Radiometer, Copenhagen, Denmark) with an 
accuracy of 0.005. 

Singlet oxygen (^O^) production was detected using 
DMF as the singlet oxygen acceptor as described earlier^^. 
Briefly, 1 ml of sanguinarine (13.8 pM) or berberine 
(13.8 pM) was added to 0.05 |il/ml DMF in 1 cm quartz 
cuvettes which were sealed with teflon stoppers. The 
compounds were irradiated for different time intervals 
at 330 nm (for sanguinarine) and 350 nm (for berberine) 
with light obtained from a 400 W high-pressure Hg 
lamp using a Jarrel Ash 0.25 m monochromator with 
fully opened entrance and exit slits. The intensity of 
radiation incident on the sample was found to be 
1.52 X 10^^ quantas/s and 1.44 x 10^^ quantas/s at 330 nm 
and 350 nm, respectively^^. Absorption spectra of san¬ 
guinarine or berberine in DMF were recorded on a 
Beckman Model-24 spectrophotometer against a reference 
sample in a 1 cm cuvette after being exposed to the 
light for different times. Singlet oxygen generation was 
monitored from the decrease in absorbance of DMF at 
220 nm, which was consumed in the reaction with ^ 02 - 
The controls included direct irradiation of DMF without 
the sensitizer. The above experiments were performed 
at 22”C. We can generalize the singlet oxygen production 
scheme as follows; 

M ^ + M+'Oj, 

where M and M* represent the ground state and excited 
triplet state of sanguinarine and berberine molecule, 
respectively. 

The UV-visible absorption of sanguinarine in CP 
buffer is characterized by three maxima centered at 273, 
327 and 468 nm, while that of berberine at 227, 262, 
344 and 420 nm in the wavelength range 200-700 nm. 
The absorption spectrum of DMF in the same buffer 
has only one maximum centered at 220 nm in the 
wavelength range 200-250 nm and, thereafter, it does 
not produce any spectral pattern up to 700 nm. When 
sanguinarine or berberine was exposed to light for a 
period of 1 h, it has been observed that with or without 
irradiation the spectral pattern of each alkaloid is su- 
perimposable. This result indicates that none of the 


alkaloids is affected by irradiation. Figure 2 shows some 
representative spectra of the sanguinarine-DMF mixture 
at different time intervals after exposure to light at 330 nm. 
It can be seen that the decrease in intensity at 220 nm 
increases with increasing time of light exposure due to 
the consumption of *62 generated by sanguinarine at 
different time intervals. A similar decrease in absorption 
intensity at 220 nm was also observed in the presence 
of berberine. In order to check the involvement of 
triplet-state oxygen in the reaction mixture, nitrogen gas 
was bubbled for 30 min prior to and also during 
irradiation. The results showed that under nitrogen bub¬ 
bling no detectable change of absorption pattern of the 
sanguinarine-DMF mixture (Curve 1) was observed. 
This clearly shows that in the absence of oxygen in 
the mixture, the production of ^02 was stopped. It is 
known that DMF reacts with ‘O 2 through the formation 
of its peroxide compound^^’Again, spectral patterns 
(Figure 2) are always superimposable in the wavelength 
range 300-350 nm, with maximum at 327 nm, which is 
the maximum for sanguinarine, indicating that the quan¬ 
tity of sanguinarine before and after irradiation is the 
same and sanguinarine does not react with ^ 02 * 

The kinetics of decrease in the absorbance of DMF 
at 220 nm due to the consumption of generated by 
sanguinarine or berberine at different time intervals are 
shown in Figure 3. It can be seen from Figure 3 that 
a 50% decrease in absorption occurred within 19 min 
for sanguinarine and 78 min for berberine. The rate of 



WAVELENGTH (nm) 

Figure 2. Effect of irradiation at 330 nm for different time intervals 
on the absorption spectrum of the sanguinarine-DMF mixture in CP 
buffer, pH 5.2. Curves 1-5 denote the time of exposure for 0, 25, 
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Figure 3. A plot of percentage decrease of absorbance of DMF at 
220 nm versus time of exposure: O—O, for sanguinarine and •—•, 
for berberine. The percentage decrease of absorbance was calculated 
after subtracting the absorbance intensity at 220 nm for each sensitizer. 
Sanguinarine (13.8 jiM) was irradiated at 330 nm, while berberine 
(13.8 pM) was irradiated at 350 nm. 

^02 generation was found to be 6.075 x 10"^ s"^ and 
1.462 X for sanguinarine and berberine, respec¬ 

tively. The efficiency of ^02 production by sanguinarine 
is four times higher than berberine but comparable to 
harmine^°. In this context, it is pertinent to point out 
that berberine (Structure II, Figure 1) has a partial 
saturation in the chemical structure and, in contrast to 
sanguinarine (structure I, Figure 1), has a planar and 
aromatic ring system like ethidium. The observed diff¬ 
erences in the varying efficiencies of production by 
the two alkaloids in solution may be rationalized on 
the basis of their structural differences. 

Several classes of tricyclic alkaloids have been shown 
to be toxic to a variety of organisms in the presence 
of light, including some furanoquinolines, p-carbolines^^^ 
It is known that intercalating complexes of sanguinarine- 
DNA or berberine-DNA are important in their antitumour 
and other biological activities'*^ even without exposure 
to light. Thus, in the presence of light both the alkaloids 
may have greater effectiveness towards their biological 
activities. 
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Turbulent drag reduction by 
polymer-based mixtures and graft 
copolymers 

R. P. Singh 
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Ever since the discovery of turbulent drag reduction 
phenomenon, the search for materials with drag 
reduction effectiveness and shear stability is continu¬ 
ing. Polymers, soaps, fibres and their mixtures have 
been found to be effective drag reducers. The 
polymer-polymer and polymer-fibre mixtures have 
extensively been studied in the author’s laboratory 
in recent years. Synergistic combinations of polymer- 
polymer and polymer-fibre mixtures which provide 
high drag reduction effectiveness and shear stability 
have been found. It has been shown in the author’s 
laboratory by extensive grafting of polyacrylamide 
chains on to the backbones of guargum, xanthangum 
and carboxymethylcellulose as well as polymers like 
poly(vinyi alcohol) and low molecular compound 
starch that it is possible to develop graft copolymers 
which have high drag reduction effectiveness like 
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polyacrylamides and shear stability like polysac¬ 
charides at concentrations of 50--100ppm. The graft 
copolymers with lower and longer chains show higher 
drag reduction effectiveness and shear stability. These 
graft copolymers have high biodegradation resistance 
and inertness to the presence of salts found in sea 
water. The present paper summarizes the details of 
these aspects of drag-reducing polymeric systems in 
terms of current molecular theories of drag reduction 
and shear stability. 

Turbulent drag reduction is the phenomenon of drastic 
reduction of drag by a factor of two or more below 
that of the solvent by addition of a small amount of 
some substances, mainly high polymers, fibres, soaps, 
surfactants and their mixtures. Mysels^ and Toms^ obser¬ 
ved the phenomenon independently. The developments 
in this field have been recently reviewed by Singh^’^ 
Morgan and McCormick^ and Kullicke et aL^. As the 
phenomenon has high potential for technical and in¬ 
dustrial applications^’ the search for efficient and shear 
stable drag-reducing agents is continuing ever since the 
discovery of the phenomenon. Polymers are the most 
potential drag reducing agents mainly because the drag 
reduction of up to 80% can be obtained at concentrations 
of a few tens of ppm of polymer in water. But polymers 
suffer from mechanical degradation and biodegradation. 

Several attempts have been made to enhance drag 
reduction and shear stability of polymeric drag reducers. 
It has been observed^ that the polymers when used in 
combination with drag-reducing polymers or fibres can 
offer combinations having synergistic effect in drag 
reduction and shear stability. Similarly, by grafting the 
chains of flexible highly effective drag-reducing polymers 
on rigid and shear-stable but poorly drag-reducing 
polymersit is possible to develop highly drag- 
reduction-effective and shear-stable drag-reducing agents. 
Interacting and associating polymer systems have also 
shown higher drag reduction efficiency and shear 
stabilities^^. A detailed investigation has been carried 
out in the author’s laboratory on the development of 
highly drag-reduction-effective and shear-stable 
polymeric systems. The present paper summarizes the 
results of this investigation. 

Drag reduction by a large number of polymer-polymer 
mixtures has been studied by several workers^. The 
synergism in drag reduction has been obtained only by 
those mixtures in which either both of the components 
or at least one of the components in the mixture has 
a rigid structure. In the author’s laboratory, mixtures of 
relatively shear-stable polymers such as polyacrylamide, 
guargum, xanthangum and carboxymethylcellulose have 
been investigated^^. Both positive and negative deviations 
from linearly additive straight line have been observed 
in drag reduction caused by polymer-polymer mixtures, 
depending upon their compositions, flow rate and the 


polymer species in the mixtures. Drag reduction by 
mixtures has been predicted by using the simple mixture 
rule equation having an interaction parameter, i.e. 

DR^ = DRj + DR^ W^ + IW^ , (1) 

/ 

where DR^ is the drag reduction percentage by the 
mixture and DR^ DR 2 , and W^, are the drag reduction 
percentages and weight fractions of component 1 and 
2 , respectively, in mixtures. 7 is the interaction parameter 
believed to depend on the interaction in the polymer 
mixture. The random coil size, solvation and rigidity 
of the polymer molecules appear to be responsible for 
synergism observed in drag reduction caused by mixtures. 
In the above study, the concentrations and Reynold’s 
numbers were higher, i.e. 200-1000 ppm and 20,000- 
60,000, respectively. However, when the studied con¬ 
centrations were in tens of ppm^^, synergism was obtained 
only in those mixtures where both the constituents are 
rigid and cause the same order of drag reduction in¬ 
dividually. From these studies, it appears that synergism 
is a function of concentration as well. Recently, it has 
been observed^^ that interacting polymers can cause high 
drag reduction (up to 90% with higher shear stability) 
at concentrations of a few tens of ppm in organic 
solvents. Hence, a detailed study has been conducted 
in the author’s laboratory'^ to find the pairs of water- 
soluble interacting drag-reducjng polymers. The study 
of drag reduction by such interacting polymers is under 
progress. 

Although polymer-fibre mixtures cause high drag 
reduction'^, very limited work has been reported. A 
detailed study of drag reduction by polymer-fibre systems 
was undertaken in the author’s laboratory. Reddy and 
Singh'^ found strong synergistic effects with both guar¬ 
gum and xanthangum in combination with asbestos 
fibres. A 50-50 mixture by weight gives the maximum 
synergism in both cases. Malhotra et al}^' observed 
that a 50-50 mixture of guargum and asbestos fibres 
shows synergism in drag reduction even at a very low 
concentration of 50 ppm. The random coil extension of 
polymers and rigidity of fibres appear to be responsible 
for synergistic drag reduction observed by them. These 
investigations also have a bearing on the mechanism of 
drag reduction as observed by Hoyt^°. “Singh et al.^^ 
show strong additive effects with both guar and xanthan 
polymers in combination with asbestos fibres - a 50-50 
mixture (by weight) being the best in each case. This 
additive effect of combining high-mass fibres and long- 
length polymers seems to indicate the importance of 
both mass and length in interfering with the uW fluc¬ 
tuations.” 

The flexible polymers like polyacrylamide and poly 
(ethylene oxide) cause maximum drag reduction (80% 
in turbulent pipe flows) at concentrations of a few tens 
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of ppm but are easily shear-degradable. On the other 
hand, rigid polymers such as polysaccharides like guar- 
gum, xanthangum and carboxymethylcellulose show high 
shear stability but are relatively poor drag-reducing 
agents, requiring much higher concentrations (few 
hundreds of ppm) to achieve maximum drag reduction 
(40-60%). They are susceptible to biodegradation in 
aqueous solutions. Thus, there exists a scope to develop 
new drag-reducing agents having reasonable shear 
stability, high drag reduction effectiveness and low cost. 
An extensive investigation'^'^"^ was undertaken in the 
author’s laboratory to develop graft copolymers of 
polyacrylamide/guargum, xanthangum, carboxymethyl¬ 
cellulose, poly(vinyl alcohol) and low molecular weight 
starch. These graft copolymers have the shear stability 
of polysaccharides and drag reduction effectiveness of 
polyacrylamide. On grafting, alteration of the structure 
of polysaccharides also reduces their biodegradability. 

A large number of graft copolymers were synthesized 
by changing the length and number of grafted chains. 
The graft copolymers with longer chains cause more 
drag reduction and have higher shear stability. Their 
molecular behaviour is also akin to flexible molecules. 
The maximum in drag reduction is also obtained at 
concentrations of 50-100 ppm. The drag reduction char¬ 
acteristics of these graft copolymers show inertness to 
the presence of salts found in sea water"”. Regarding 
the above approach, the .observations of Choi et 
recently there have been some attempts to improve the 
effectiveness of synthetic polymers to shear degradation 
by altering their chemical structures. Kowalik et al}^ 
reported that the interpolymer complexes formed by one 
polymer with the anionic groups and the other with the 
cationic groups increase the polymers’ resistance to 
degradation in turbulent flows. Deshmukh and Singh‘‘ 
tried to take advantage of the fact that natural polymers 
such as guar are quite resistant to mechanical degradation. 
They grafted polyacrylamides to guar backbone and 
found that the synthetic polymer became more robust 
to shear degradation than without the graft. 

The shear stability of drag-reducing systems in general 
has been studied by recirculating the same solution 
through the pipe of turbulent flow rheometers and 
monitoring the drag reduction with the time of recir¬ 
culation or pass number. One recirculation is depicted 
as a unit pass number. The following equation represents 
the loss of drag-reducing ability by mechanical degrada¬ 
tion during turbulent flows: 


DR 

DR, 


f 

1 - 
V . 


DR A 

dr; 






( 2 ) 


where DR is drag reduction, T is the time and the 
subscripts oo and 0 refer to infinite and zero times. The 
constant R is a. measure of the rate of decay of drag 
reduction effectiveness. As DR^ tends to zero, 


DR __ -RT 
DR, - • 


( 3 ) 


The above equation in terms of the pass number N can 
be written in the following form: 


DR . -BN 
= A e 

DR,, 


( 4 ) 


A is found to be nearly equal to 1. An alternate equation 
has been proposed by Brostow^"^. 


^ + ( 5 ) 

UKq 

where W and h are parameters defined by the Brostow 
theory^"^. An investigation has been undertaken in the 
author’s laboratory to study the shear stability of 
polymer-polymer, polymer-fibre mixtures. The results 
of such an investigation are summarized below. 

The mixtures exhibiting synergism in causing drag 
reduction are found to be more stable. Equations (2)-(5) 
can explain the results mathematically. The shear stability 
of highly efficient but highly degradable polymer 
polyacrylamide can be improved by incorporation of 
more shear-stable polymers such as guargum and xan¬ 
thangum. Similarly, the shear stability of asbestos fibres 
suspension can be improved by incorporation of guargum 
or xanthangum. 

In the cases of graft copolymers of polyacrylamide 
with guargum/xanthangum/carboxymethylcellulose/poly 
(vinyl alcohol)/starch, equation (4) can explain the results. 

It was observed that the graft copolymers having 
fewer number of longer grafts showed more shear 
stability than the graft copolymers with more number 
of shorter grafts”^"^'^. The shear stability of xanthangum 
graft copolymers is comparable with xanthangum. How¬ 
ever, the guargum and CMC were found to be more 
shear-stable than their graft copolymers. The graft 
copolymers of xanthangum are more shear-stable than 
the mixture of xanthangum and polyacrylamide having 
the same composition as in the graft copolymers 

Recently, the Brostow model of drag reduction has 
been applied^^ to study the time dependence of drag 
reduction in terms of the Brostow equation (5). A large 
number of the drag-reducing polymers, polymer-polymer 
and polymer-fibre mixtures^^ studied in the author’s 
laboratory provide excellent fit to the Brostow equation, 
thus giving credence to general applicability of the 
Brostow model for flowing solutions^"^. 
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Trenching in the Koyna area 

P. Talwani and L. K. Kshirsagar* 

Department of Geological Sciences, University of South Carolina, 
Columbia, SC 29208, USA 

^Department of Petroleum Engineering, Maharashtra Institute of Tech¬ 
nology, Paud Road, Pune 411 038, India 

The results of excavating a trench to uncover fissures 
associated with the 1967 Koyna earthquake suggest 
that evidence of prehistoric earthquakes can be 
preserved in Assures. Future paleoseismological in¬ 
vestigations can be used to seek evidence of prehistoric 
earthquakes in the Koyna-Warna area and at other 
locations. 

The Killari earthquake of September 1993 was the most 
recent reminder that peninsular India is not immune to 
moderate to large earthquakes. Kutch was the site of a 
major (M^ 7.8) earthquake in 1819. Mid-plate earthquakes 
(also called stable continental interior earthquakes) occur 
much less frequently than their plate boundary counter¬ 
parts. They account for about 0.5% of the seismic energy 
release but account for a disproportionate amount of 
damage and destruction. Besides these two events, the 
M 6.3 Koyna earthquake of 1967 was the most destructive 
earthquake in peninsular India. Although the temporal 
and spatial pattern of seismicity near the Koyna Reservoir 
strongly suggest that it was induced (see e.g. ref. 1 for 
a comprehensive review), this view is not universally 
shared. 


The objective of the studies reported here was to see 
if evidence of large prehistoric earthquakes and their 
rates of recurrence can be documented by identifying 
the evidence of their occurrence in the shallow sediments. 
That is, could the nascent science of paleoseismology, 
the search for prehistoric earthquakes, be a feasible 
approach in the Koyna-Warna area in particular and 
other areas in the Deccan Traps in general? 

To accomplish this, we decided to trench in the Koyna 
area to see if ground fissures that were widely observed 
in 1967 are preserved in the shallow soil and if they 
could be used to identify the evidence of earlier 
earthquakes. 

Fissures associated with the 1967 earthquake 

Following the disastrous magnitude 6.3, 1967 Koyna 
earthquake, widespread fissuring was observed in the 
meizoseismal area by Sathe et al\ Although some of 
these fissures were associated with slumping of land 
forms along hill slopes, several fissures were a direct 
consequence of the earthquake. Among these was a very 
well-developed system of fissures about 20 km in length 
from Nanel and Baje on the SE shore of Shivajisagar 
(reservoir impounded by Koyna dam), SSW to near 
Randhiv (Figure 1). 

The fissures were mapped in detail by the Geological 
Survey of India (GSI) and it was thought possible to 
locate them in the field based on the descriptions in 
the GSI report. 
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Figure 1. Location of the main fissures observed following the 1967 
Koyna earthquake. Smaller fissures were found near Morgiri, Humbarne 
and Nivle. 

The following description is extracted from the 1968 
GSI report^; 

The maximum development of these cracks and fissures in the 
ground was observed for a length of over 4 km, across the 
west-to-east flowing Koyna River between Donechiwada to the 
southwest near Kadoli (of which 2.7 km were mapped in detail, 
the rest were inaccessible). Fissures were also observed both 
to the south and north of this area but were comparatively 
inconspicuous and intermittently developed in soil only. Fissures 
of varying lengths were oriented N-S or N10°E to N25“E and 
formed a zone nearly 200 m wide. The fissure zone trended 
NNE-SSW in an en echelon pattern. Although this zone of 
fissuring is about 200 m wide, the actual distance between the 
easternmost fissure in the north and westernmost fissure in the 
south is about 1 km. Within this zone, these cracks and fissures 
displayed an easterly shift while proceeding from south to 
north. The shift interval of these fissures varied from 1 m to 
as much as 15 m. In addition to this, a number of cracks 3-4 
cm wide ran parallel to the main fissures at many places. 
Individual fissures, which ranged from 10 m to 60 m in 
length, varied in width from a few centimeters to as much as 
40 cm. The maximum observed depth was 2-3 m. A pit opened 
north of Kadoli to a depth of 2 m on one of these cracks did 
not reveal its continuity beyond a meter. The fissures showed 


heaving displacement of 5-10 cm to the west as well as to 
the east. However, north of Rohini temple, in the thick soil 
cover, the fissures had been lifted up by 25 cm on the eastern 
side. 

A fine hair crack was observed in basalt outcrop in the 
nala, 0.8 km WNW of Kadoli, transverse to the trend of the 
fissures in the soil cover. This is the only place where the 
basalt has shown failure. On either bank of the Koyna River 
the fissures lost their continuity in the river gravel, but were 
picked up again as widely separated thin parallel cracks. 

About 12 km SW of Kadoli Village, small fissures or cracks 
were seen on the lower contours of the western ridge face of 
Randhiv village trending mostly along a N20°E-S20“W direc¬ 
tion. These extended over a distance of 50 m or so and were 
nowhere more than 1.8 m in depth. The fissure at Randhiv 
occurred more or less in the same alignment as those of the 
Kadoli-Donechiwada fissures. Detailed examination of the hill 
slopes of the intervening area between Kadoli and Randhiv 
did not reveal continuity of these fissures throughout this 
intervening tract. 

The 2.7 km long N20°E-S20“W fissure south of Koyna 
River was chosen for further study because of the 
excellent descriptions and detailed mapping carried out 
by the officers of GSI^. 

Trenching in Kadoli area 

Shallow trenching was carried out near Kadoli Village 
located 6.5 km southeast of Koyna Dam (Figure 1). The 
trenching had two objectives: 

1. To see if fissures/cracks observed following the 1967 
Koyna earthquake were preserved in the shallow soil. 

2. To assess the feasibility of paleoseismic investigations 
to search for prehistoric earthquakes in the Koyna area 
in particular and other areas in the Deccan Traps in 
general. 

To select a site for trenching the first step was to 
locate the fissures in the field below the presently 
cultivated soil. We had detailed discussions with Dr 
Sahasrabudhe, formerly of GSI, and a co-author of the 
report following detailed investigations in 1968. Dr 
Sahasrabudhe kindly supplied us with a copy of the 
GSI Report, which included a plate showing the location 
of the fissures. 

In the field, we visited the estimated location of the 
fissure north of the river near the village Dhonachi 
Wadi. The new road construction and steep slopes and 
thick vegetation made it difficult to locate precisely the 
fissures shown in Figure 1. However, we were able to 
locate the nala to the south of the Koyna River near 
Kadoli village where fissures had been mapped by GSI 
by surveying. We identified two possible locations for 
cutting shallow trenches in order to encounter the 1967 
fissures. These locations were also confirmed by the village 
elders, who remembered the open fissures from 1967. 
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Two trenches were cut at the sites identified above. 
Trench I was hand-cut and is closer to the big bend 
in the nala. Trench II, located about 130 m to the south 
of trench I, was cut using a backhoe. Trench I was 
about 10 m long, 2 m wide at the top and oriented 
N85“W-S85E so as to cut the fissures almost or¬ 
thogonally. It was dug by hand to a depth of about 1 
m, and in the area where fissures were encountered it 
was deepened to a depth of about 2 m. The trench was 
also widened in the area where fissures were en¬ 
countered. Trench II was dug by a backhoe to a depth 
of about 3 m; it was about 2 m wide and 21 m long 
and was oriented NTSE-STS^W. 

Fissures 

Fissures were encountered at a depth of about 30 cm 
on the southern face of trench 1. A small fissure was 
also encountered on the northern face. The northern 
face contained pebbles and stream cobbles, suggesting 
that they are paleochannel of the nala, which is now 
flowing about 30 m to the north. A cursory examination 
of trench II cut in the late evening did not' reveal any 
obvious fissure. 

Most of our descriptions are therefore related to the 
southern face of trench 1. Figure 2 shows the trench 
log. The bottom of the trench is about 2 m below the 
surface and is still in the soil. The original soil profile 
was exposed 20-30 cm below the cultivated soil (labelled 
plow zone) in Figure 2 and consisted of ochre-coloured 
to reddish brown clayey soil with high silt content and 
randomly scattered basalt and reddish lateritic soil peb¬ 
bles with rounded edges and corners. The predominant 
soil profile consists of soil with few gravels of laterite. 
It has been cut by a horizon consisting of limonitic, 
decomposed granules of basalt. No clear evidence was 
seen of distinctive soil horizons. The presence of a band 
of smooth pebbles 5-7 cm wide at a depth of 1,5 m 
below the surface suggested the presence of a paleochan¬ 
nel cut by the southern face. 

In the 2 m width we encountered six fissures on the 
southern face. The width of these fissures ranged from 
about 0.5 cm to 5 cm. Except where it had been destroyed 
during digging, the filled material was loose soil dis¬ 
tinguishable from the host material, which was more 
cohesive and firm. The ‘fill’ material could be easily 
pressed with a finger and compacted whereas the host 
soil was firm. Where loose fill material was removed 
from the fissure, the inner walls appeared uniform. The 
fissures tapered downwards (Figure 2) and were traceable 
to a depth of about > 1 m as they continued to the bottom 
of the trench. Some of the smaller fissures curved and 
ended up in the larger fissures. One fine, angular fissure 
was found terminating into another wider fissure. 

The largest fissures were found to continue into the 


plane of the trench for at least 1 m. A rod inserted in 
the fissures (horizontally) easily displaced the soil to 
show that the fissure continued in the plane of the wall. 
This lateral extent and near-vertical altitude strongly 
suggested that they were not caused by rodents or 
abandoned roots. 

The depth extent of nearly 2 m (to the bottom of the 
trench and nearly uniform 2-3 cm width) are strong 
arguments against these cracks being desiccation cracks. 
The cracks cut all horizons (soil and pebbly), again 
suggesting that they are not desiccation cracks. Thus, 
the occurrence of these fissures in an area where eye 
witness accounts of the 1967 earthquake had described 
them, their location where they had been mapped by 
GSI and the general parallel ness of the fractures all 
favour the conclusion that the fissures encountered in 
the southern face of trench I were formed by the 1967 
earthquake. 

The loose filled material in the fissures was easily 
identifiable and distinctly different from the surrounding 



Figure 2. Log of southern face of trench I. Note how the fissures 
due to the 1967 earthquake cut through the pebbly horizon. (No 
vertical exaggeration). 




Buried fissures due to paieoearthquake. Trapped organic 
material (•) in “fill” can be dated. 


Figure 3. Schematic diagram showing a conceptual view of paleo 
fissures. 
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firm, cohesive soil. It was soft and easily removable. 
It was free from any pebbles and was similar to the 
loose plow soil. 

The observation of the easily distinguishable loose 
fill material devoid of any pebbles clearly suggested 
that the fissures had once been open and later filled 
up from the top with loose soil. Thus, it may be possible 
to distinguish earthquake-generated fissures by examining 
the nature of the filled material. Also, the presence of 
organic material in the filled material can be used to 
get a minimum age for the earthquake. A cursory search 
for organic material (pieces of wood, grass, leaves, 
shells, etc.) within the fill material was unsuccessful. 

Figure 3 is a schematic diagram showing a conceptual 
view of how the fissures associated with the 1967 Koyna 
earthquake would compare with those for a prehistoric 
earthquake. The fissures for a prehistoric earthquake 
would be buried beneath recent sedimentary deposits. 

Thus, by identifying paleo fissures in road cuts and 
other exposures evidence can be sought for prehistoric 
earthquakes. C-14 dating of trapped organic material in 
these fissures can be used to possibly determine the 
dates of prehistoric earthquakes (Figure 3). 

Conclusions 

From an examination of the features in the trench near 
Kadoli we conclude that: 

1. Fissures formed during ground shaking during a large 


earthquake are preserved in a sedimentary column. 

2. The fissures encountered in the trench near Kadoli 
were associated with the 1967 earthquake. This con¬ 
clusion is in concordance with the location and descrip¬ 
tion in the GSI report and eyewitness accounts. 

3. These fissures could be traced to at least 2 m below 
the surface to the rocks below. 

4. The fill material in the fissures was distinctly different 
from the host material and can be used to identify other 
fissures formed by earthquakes and hence used to search 
for prehistoric earthquakes. 

5. The date of the earthquake can be obtained by dating 
any organic remains within the fill material using 
method or by other techniques. 
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Tree water relations along the vegeta- 
tional gradient in the Himalayas 
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Natural vegetation of the central Himalayas reflects a 
strong, extensive environmental gradient. The impor¬ 
tance of environment, in particular drought, in con¬ 
trolling species distribution and performance is poorly 
understood. Indirect evidence and a few measurements, 
however, suggest that tree distribution is strongly related 
to drought. A study of water relations of trees in native 
forests along the environmental gradient up the face 
of the outer Himalayas near Nainital should make clear 
the role of water in controlling forest properties, and 
help test generalizations about tree water relations that 
were developed in other climates. 

Trees in the Himalayas are subject to drought for several 
months each year. Study of their response to drought 


^For correspondence. 


can contribute to the understanding of the local patterns 
of species distribution and performance, as well as to 
plant water relations in general. Data about water rela¬ 
tions are available for many taxa related to species in 
the Himalayas; this information, however, may not be 
useful in the Himalayas, where trees grow with a 
different seasonality of rainfall, and many have different 
leaf and wood properties compared to related species 
elsewhere. A study of the responses of Himalayan trees 
to drought will provide a critical test of generalities 
developed in other climates. Many aspects of ecology 
of some Himalayan trees are already well known, allow¬ 
ing the significance of their water relations characteristics 
to be interpreted effectively. 

Vegetation-environment relationships 

Ecologists study the control of plant distribution by 
relating the vegetational changes along environmental 
gradients to associated changes in the environment. The 
Himalayas present, perhaps, the premier vegetational 
gradient on the Earth. ^ ranging from tropical forests at 
the base to alpine meadows within a map distance of 
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100-200 km. A primary determinant of vegetational 
change is the temperature, but soil properties and water 
availability too, among other factors, modify vegetation 
within limits permitted by the temperature regime. Al¬ 
though few environmental factors have been studied in 
detail in the Himalayas, the long dry season inherent 
in the monsoon climate, with most rainfall during only 
3 months, suggests that water may become limiting on 
many sites during the other 9 months. 

In other parts of the world with a dry season, plant 
water relations provide a cornerstone for interpreting 
vegetational and plant distributions across environmental 
gradients (e.g. the Pacific Northwest of the United 
States^’^). Ecologists in Kumaun, in the central 
Himalayas, have studied vegetation patterns, ecosystem 
dynamics, timing of plant processes and plant-nutrient 
relationships in substantial detail^’But there have been 
only few measurements of water relations in the 
Himalayas, especially for trees in natural forest. The 
following fundamental, critical questions about the 
response of Himalayan vegetation to variation in water 
availability remain unanswered: 

1. Does the dry period in the Himalayas produce moisture 
stress in trees, or is the drying of soil not deep enough 
to encompass the rooting zone, at a time of the year 
when trees are insensitive to drought, or not severe 
enough to modify the distribution and functioning of 
trees? 

2. If moisture stress develops in trees, when does it 
occur, how intense is it, and which plant processes does 
it affect? 

3. If severe moisture stress does interfere with tree 
survival or growth, what differences in its impact exist 
among vegetation types, among sites within a vegetation 
type, and among species within a site, for example, 
species that differ in their leaf properties? 

Water relations in Himalayan vegetation 

Studies in the central Himalayas indicate indirectly that 
moisture stress can be severe, and that stress varies 
among communities, sites and species: 

1. Tree diameter decreased during the dry season in all 
the species studied, more so in shrubs than in trees, 
and more so in deciduous than in evergreen species^; 
water loss from outer tissues, associated with a seasonal 
moisture deficit, causes such a shrinkage of tree trunks^. 

2. Tree diameter growth of subalpine conifers, just east 
of Kumaun in Nepal, varied with precipitation of the year 
when growth occurred, and of the previous year^, strongly 
suggesting control of tree growth by water availability. 

3. Forest diversity, cover and species composition 
changed across a gradient of soil moisture measured in 
November, the driest month^. 


4. Germination of tree seeds varied among species in 
its sensitivity to moisture availability, although not to 
temperature. The species most sensitive to limited water 
had the smallest natural ranges'^’ 

5. Tree species differed in seedling growth response to 
drought when grown in culture^’Species whose seed¬ 
lings were least affected by experimentally imposed 
drought grew on drier sites than species more affected 
by drought. 

6. During pre-monsoon drought, leaves of broad-leaf 
trees often wilted. In 1991, needles of pines, which 
started to elongate in April, did not reach full size until 
after monsoon rains began (D. B. Zobel, unpublished 
data). 

Water relations measurements 

Although these observations and experiments suggest 
that moisture stress in Himalayan trees can be severe 
and that it affects their growth and distribution, direct 
measurement of plant water status in the field is required 
to confirm such hypotheses. Measurements of soil mois¬ 
ture and extrapolation from experimental studies cannot 
replace measurements of trees in natural forests. Plant 
water status is assessed as plant water potential^\ which 
is measured most effectively using a pressure chamber^^. 
The water potential is usually assessed at two times of 
the day: (i) early morning, when the water potential of 
trees is most favourable (and should be near equilibrium 
with that of the soil), and (ii) mid-day, when water 
stress will be most severe. Few water potential mea¬ 
surements have been made for natural Himalayan trees: 
these few, however, indicate that water potentials do 
become low enough to interfere with plant processes, 
and perhaps to kill trees, both in mid-winter and during 
hot weather before the monsoon(see also D. B, Zobel, 
unpublished data). Although water potentials were most 
severe in winter^^, whether the dormant trees react 
adversely to them is uncertain. Minimum water potentials 
before the monsoon, while less severe^^, were low enough 
to interfere with physiological processes in most trees^. 
Pre-monsoon stress seems likely to disrupt plant growth; 
during that period, the dominant evergreens of the 
Himalayas are expanding new leaves^"^’which will 
provide most of the photosynthate for the following 
year. A favourable water status allows the development 
of turgor pressure, the force that expands cells in the 
developing leaves. If water potentials measured during 
leaf enlargement are low, an additional aspect of water 
relations requires study: Is the water limited enough to 
prevent the development of the level of turgor required 
for leaf expansion? 

Direct measurement of turgor pressure in the field is 
impossible for tree leaves, but one can estimate turgor 
based on a combination of field water potential and 
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laboratory measurements made on leaves collected from 
the field. Plant water potential includes two components 
- pressure potential (equal to turgor pressure) and osmotic 
potential; together they comprise the water potential- 
osmotic potential + pressure potential = water potential. 
Osmotic potential, always less than zero, is related to 
the concentration of cell solutes, a characteristic over 
which some plants exert substantial control, and which 
often changes with season^ If water potential remains 
the same while the concentration of cell solutes increases, 
driving the osmotic potential farther below zero, the 
pressure potential will increase. Osmotic potential can 
be estimated in the laboratory by analysis of pressure- 
volume curves developed for twigs collected from the 
field^^. Using pressure-volume curves, one can also 
estimate the pressure potential that would be associated 
with water potentials measured in the field. 

Plants also differ in their leaf cell wall elasticity, 
which may affect the pressure potential. Pressure potential 
of plants with elastic cell walls will decline slower as 
the plants lose water than for plants with less elastic 
walls^^. Tissue elasticity can also be measured from 
pressure-volume curves. 

Plants also control their water status by regulating 
the size of stomatal openings, which modify the rate 
of water loss; reducing water loss can reduce the effect 
of limited soil moisture on water potential. Using a 
diffusion porometer^^, the water vapour conductance of 
the leaf surface (controlled by the degree of stomatal 
opening) can be measured in the field at the same time 
as the water potential. 

Differences in the conductance of water by xylem 
also contribute to differences in species water relations 
and may compensate for or magnify the differences 
measured at the leaf level. 

Interpreting water relations parameters 

In some cases, the components of water potential, tissue 
elasticity, stomatal behaviour and xylem conductivity 
correlate well with the observed distribution and impor¬ 
tance of plants in the field^^"^^ In other cases, however, 
water relations attributes correlate poorly with plant 
distribution^^’apparently, water is not a critical factor 
modifying vegetational composition in those areas, or 
its effect is through a mechanism not measured by 
these methods. 

Complicating the correlations between plant distribu¬ 
tion and water relations measurements is the complex 
interrelationship of plant behaviour to ecological suc¬ 
cess There are several effective strategies for a 
plant faced with limited water. A plant characteristic 
required by one strategy may be unfavourable in alter¬ 
native strategies. One cannot judge the fitness of a plant 
for drought based on a single characteristic, but only 


by studying several characteristics contributing to its 
possible strategies. Further complicating the interpretation 
is that an effective strategy in one environment may 
be inappropriate in a different environment. As an 
example, keeping stomata open as drought intensifies 
allows a plant to continue photosynthesis and provide 
more dry matter for eventual use in growth; an alternative 
behaviour is to close the stomata at the first sign of 
drought, reducing the water loss but losing the oppor¬ 
tunity for dry weight gain. The former behaviour is 
suitable where droughts do not become too severe; the 
latter is required for severe drought but leaves the plant 
at a disadvantage where drought is predictably mild. 
Thus, one can interpret water relations data effectively 
only by understanding a suite of characteristics for a 
group of species that compete with each other, along 
with details about their other adaptive behaviours and 
their environment. 

A study in progress 

Scientists from Kumaun University, Nainital, and from 
Oregon State University, USA, have begun a cooperative 
project to measure water relations of Himalayan trees 
- ‘The timing of drought: Effects on water relations of 
Himalayan tree species’ - approved by the Department 
of Science and Technology, New Delhi, and funded by 
the US National Science Foundation. Field water poten¬ 
tials and leaf conductance for water vapour will be 
measured around the year in four major types of vegeta¬ 
tion along the environmental gradient in the outer 
Himalayas near Nainital: sal (Shorea robusta), chir pine 
{Pinus roxburghii), banj oak (Quercus leucotrichophora), 
tilonj oak (Q. floribunda), and in an important rare type 
in Nainital, cypress (Cupressus torulosa). In addition, 
species comparisons will be made among the different 
dominant species where they grow together, to look for 
species differences in a common environment. Further 
comparisons will be made between the dominant 
evergreen species and the deciduous species that grow 
with them but are much less important, to determine 
to what extent differences in water relations contribute 
to evergreen dominance. Samples collected from the 
field will be subjected to pressure-volume analysis in 
the laboratory, to estimate tissue elasticity and osmotic 
and pressure potentials for the field sampling days. 
Measurements in the field will cover two years at all 
sites, while pressure-volume analysis for each sample 
species will be made several times during a year. 
Differences in xylem conductance will also be assessed 
for twigs of each species. The data will be used to test 
hypotheses such as: 

1. Water potentials become low enough to determine 
the distribution of Himalayan trees and vary among 
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forest types, with lowest potentials during winter at high 
elevations and during the pre-monsoon heat at low 
elevations. 

2. Trees subject to low water potentials during leaf 
growth reduce the osmotic potentials and increase the 
leaf elasticity during that period; trees without water 
stress before the monsoon adjust their leaf properties 
much less. 

3. Evergreen dominant trees, compared to co-occurring 
deciduous species, adjust their leaf properties (osmotic 
potential, elasticity, conductance) more as season and 
water availability change. 

Himalayan data will also provide a valuable test of 
generalities about water relations of temperate-climate 
trees, most of which^^’^^ were developed in areas with 
seasonality different from the monsoon climate, i.e. with 
no predictable dry season or with drought in June-August. 
We anticipate, for example, that there will be differences 
between water relations of trees that expand leaves 
during drought and then encounter monsoon rainfall in 
the Himalayas, and of trees that expand leaves in the 
wet season and then encounter drought during most of 
their growing season, as in the coastal western United 
States. Our data will also contribute to the understanding 
of the control of species’ distributions, a topic recently 
emphasized out of the concern for the effects of (ap¬ 
parent) global climatic changes. If, for example, year- 
to-year fluctuations of monsoon rainfall increase, making 
dry years even drier, what might be the effects on 
Himalayan trees? 
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Impact of fire on a dry deciduous 
forest in the Bandipur National 
Park, southern India: Preliminary 
assessment and implications for 
management 

J. P. Puyravaud, D. Shridhar*, A. Gaulier, S. Aravajy 
and S. Ramalingam 

French Institute, 11 St. Louis Street, P.B. 33, Pondicherry 605 001, 
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*Salim Ali School of Ecology and Environmental Sciences, Department 
of Ecology, Pondicherry University, Kalapet, Pondicherry 605 014, 
India 

The effect of fire was analysed in two plots in a dry 
deciduous forest of Bandipur National Park, Kar¬ 
nataka. The less fire-prone plot had a higher tree 
density (HD) and included more tree and shrub 
species than the more fire-prone plot with lower tree 
density (LD). The LD had fewer and smaller thickets, 
whereas in the HD the presence of thickets had 
resulted in closure of the vegetation with more abun¬ 
dant weeds. Regeneration was higher in the LD, 
despite the greater rate of sapling mortality. Fire is 
shown to have impact on the tree/grass equilibrium 
and weed control. Our study also corroborates that 
protection from fire allows colonization by semi¬ 
evergreen trees and shrub species, while frequent 
fire opens up the vegetation. Fire should be used as 
a management tool to avoid catastrophic rare fires, 
to regulate weed expansion and to maintain plant 
communities for the sustenance of the protected fauna. 

In India, fire has been used since millennia to open up 
the vegetation for cultivation. Until recently, slash and 
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burn cultivation were being practised by some ethnic 
groups*. Farmers routinely burn pastures in order to 
maintain good quality fodder and to check forest expan¬ 
sion^. Fire has since then been considered as one of 
the human-caused disturbances and is strictly prohibited 
in national parks, with the objective of promoting a 
‘natural’ vegetation for the fauna. Total protection against 
fire is appropriate for evergreen forests, where normally 
fire does not occur, but dry deciduous forests of Southeast 
Asia seem to be resistant to regular occurrences of fire^. 
In these ecosystems, fire at lower intensities does not 
drastically damage the vegetation and can accomplish 
the quality and quantity control of plant cover"*. 

Fire is known to have a major impact on plant 
communities. It kills the seedlings of fire-sensitive 
species^"^ and arrests succession towards a denser vegeta¬ 
tion^*^. Depending on its frequency and temperature, it 
reduces the tree cover and promotes the growth of 
grasses***’ **. When irregularly set, i.e. for the clearance 
of a patch of forest, fire-cleared sites get colonized by 
weeds such as Lantana camara and Chromolaena 
odorata. But paradoxically, as observed in savanna-like 
ecosystems, regular fires prevent total invasion by these 
weeds that are less fire-resistant than grasses*^’ Along 
with the herbivores, fire controls the tree/grass mosaic**’*"* 
and the resulting change in the species composition and 
richness has a tremendous impact on the carrying capacity 
of the ecosystem. Prevention of burning increases tree 


cover, but at the same time the litter accumulates and 
the increasing amount of dead tree and grass fuel 
multiplies the vulnerability to accidental fire incidences^. 

The major vegetational type of the Bandipur National 
Park/Mudumalai Wildlife Sanctuary region is dry 
deciduous forest*^. Numerous studies have been done 
on the conservation*^*^ vegetation structure*^’*^ and 
ecology of this region^**"^^. Fire is prohibited, but is 
very often set illegally by the local people and conse¬ 
quently its frequency is not controlled, nor recorded. 
Because of its various effects on ecosystem dynamics, 
fire as a management tool should not be neglected 
whenever the objective is to maintain a suitable habitat 
for large herbivores"*. There are no data available on 
fire management in the national parks and sanctuaries 
of southern India and the strict fire protection policies 
prohibit any experimentation. 

In this study, we compared a low-fire-frequency area with 
a contiguous high-fire-ffequency area in the Ainurmarigudi 
Reserve Forest, Bandipur National Park. Our objective was 
to assess the present conditions in relation to long-term 
sustainability of the ecosystem taking into account the 
parameters that are sensitive to fire frequency (species 
composition, tree physiognomy, tree regeneration and weed 
abundance). We attempt here to see if fire frequency affects 
(i) the species composition, (ii) the tree physiognomy and 
(iii) the number of seedlings/saplings per unit area. 

The study area was chosen in the Ainurmarigudi 
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Reserve Forest, Bandipur National Park, a Tiger Reserve. 
The plots in the study come under the compartment no. 
26 (ir47'N, 76“23'E) of the Mulehole Range on the 
Varanchi road (Figure 1). The elevation is 830 m and 
the climate is monsoonal with one dry season spanning 
from December-end to mid-March. The mean annual 
rainfall is 1095 mm (data from the Karnataka Forest 
Department). The monthly mean maximum and minimum 
temperatures ranged between 32.4°C and 17.9“C and the 
humidity varied from 30% to 95% depending on the 
time of the day and season (D. Shridhar, unpublished 
data). The soil of this region is an intergradation between 
fersiallitic and ferrallitic^^, the parent material is a gneis- 
sic complex and the quantity of coarse material varies 
from one location to another. The C and N concentrations 
in the A horizon range around 2% and 0.1%, respec¬ 
tively (D. Shridhar, unpublished data). 

The vegetation is a dry deciduous forest^^ characterized 
by Anogeissus latifolia, Tectona grandis, Terminalia 
alata and Dalbergia latifolia. The herbaceous layer is 
dominated by the grass Themeda triandra. The study 
area is divided by the Varanchi road (Figure 1). On 
the left side of the road and between the river, the 
vegetation is dense. The surrounding river and road 
provide a fire-break to this area and fires have been 
observed to be infrequent (K. K. Kulla, personal com¬ 
munication), but no recorded data exist. On the right 
side of the road, the vegetation is more open and 
frequented by fire. The study was conducted in a plot 
with dense vegetation and another with open vegetation, 
in order to assess the effect of two different fire regimes, 
i.e. frequent and infrequent, on the vegetation. 
Topographical and pedological similarities of both plots 
allowed comparison of one fire regime with another. 

One square plot (one hectare) within the area of high 
tree density (HD) and another of the same dimension 
was laid inside the area of low tree density (LD). All 
the flowering plants in the two plots were identified to 
the specific level. The two plots were divided into 100 
subplots of 10 mx 10 m for the study of tree structure. 
The height of the trees in the LD and HD was measured 
and the GBH (girth at breast height) measured for all 
the individuals above 2 m in height. Below this height, 
in both plots, the regeneration was studied by counting 
the seedlings and saplings of each species in 10 quadrats 
of 25 m^ taken at random. The seedlings and saplings 
were also counted in all the thickets of the plots. In 
each of the 100 subplots (10 m x 10 m), the percentage 
of weed (Lantana camara and Chromolaena odorata) 
cover was noted and assigned into 4 classes: 0%, 0-5%, 
5-10% and 10-50%, based on visual estimation. 

A total of 38 herbaceous species were enumerated 
belonging to 34 genera and 18 families (Table 1). The 
family Poaceae was represented by 14 species, followed 
by Fabaceae (7 species) and Asteraceae (2 species). The 


Table 1. Herbaceous species list in the LD and the HD 


Family 

Species 

LD 

HD 

Aizoaceae 

Mollugo nudicaulis Lam. 

+ 

+ 

Asclepiadiaceae 

Hemidesmus indicus (L.) R. Br. 

+ 

+ 

Asteraceae 

Blumea membranacea Wall, ex DC. 

+ 

+ 


Vernonia albicans DC. 


+ 

Caesalpiniaceae 

Cassia mimosa ides L. 

+ 

+ 

Commelinaceae 

Cyanotis tuberosa (Roxb.) Schultes 

+ 

+ 

Cucurbitaceae 

Melothria maderaspatana (L.) Cogn. 

+ 

+ 

Cyperaceae 

Mariscus paniceus (Rottd.) Vahl. 

+ 

+ 

Euphorbiaceae 

Phyllanthus neruri L. 

+ 

+ 

Gentianaceae 

Canscora decussata Schultes & Schultes 

+ 

+ 

Fabaceae 

Crotalaria calycina Schrank. 

+ 

_ 


Desmodium brachystachyum Grah. 

+ 

+ 


Desmodium cephalotes Roxb. 

+ 

+ 


Desmodium dichotomum Willd. 

+ 

+ 


Desmodium gangeticum (L.) DC. 

+ 

+ 


Rhynchosia rufescens (Willd.) DC. 

+ 

+ 


Vigna radiata (L.) Wilczek. 


+ 

Lamiaceae 

Ocimum adscendens Willd. 

+ 

+ 

Liliaceae. 

Asparagus racemosus Willd. 

+ 

+ 


Curculigo orchioides Gaertner 

+ 

+ 

Malvaceae 

Sida rhombifolia L. 

+ 

+ 

Oxalidaceae 

Biophytum candolleanum (Wight) Edgew 

+ 

+ 

Poaceae 

Apluda mutica L. 

+ 

+ 


Bambusa arundinacea (Retz.) Roxb. 

+ 

+ 


Bothriochloa pertusa (L.) A. Camus 

+ 

+ 


Brachiaria paspaloides (Presl.) C. E. Hubb. 

+ 

+ 


Cymbopogon flexosus (Nees) Wats. 

+ 

+ 


Cynodon dactylon (L.) Pers. 

+ 

+ 


Digitaria adscendens (H. B. K.) Henr. 

+ 

+ 


Heteropogon contortus (L.) P. Beauv. 

+ 

+ 


Panicum sp. 

+ 

+ 


Paspalidum flavidum (Retz.) A. Camus 

+ 

+ 


Setaria palmifolia (Koen.) Stapf. 

+ 

+ 


Sporobolus wallichii Munro. 

+ 

+ 


Themeda cymbaria Hack. 

+ 

+ 


Themeda triandra Forssk. 

+ 

+ 

Portulacaceae 

Portulaca pillosa (L.) Hook. 

+ 

+ 

Zingiberaceae 

Curcuma montana Rose. 

+ 

+ 


other families were represented by only one species. 
With the exception of Crotalaria calycina, which was 
absent in the HD, the two plots were otherwise equivalent 
in herbaceous species composition. The proportion of 
species contributing to the total phytomass in the two 
plots was: Themeda triandra 70%, T. cymbaria 10%, 
Bothriocloa pertusa 9% and Heteropogon contortus 8%; 
dicotyledons and Cyperaceae constituted the rest of the 
phytomass (D. Shridhar, unpublished data). A total of 
45 tree, shrub and undershrub species belonging to 39 
genera and 24 families were recorded in the two plots 
(Table 2). The family Fabaceae is the dominant one 
with 4 species, followed by Euphorbiaceae, Rubiaceae 
and Combretaceae, each represented by 3 species. The 
LD contained 35 species and the HD 39 species. The 
understorey tree, Grewia tiliaefolia, was the most com¬ 
mon tree in both the plots, constituting up to 65% of 
the individuals, followed by the canopy species Tectona 
grandis, which constituted 10% of the trees in the HD 
and 13% in the LD. The Shannon-Wiener species diver¬ 
sity index (trees >2m in height) was 1.78 in the LD 
and 2.43 in the HD. 
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Table 2. Tree, shrub and undershrub species list in the LD and the HD. T = Tree, S = Shrub, 

species. Semi- eve. = Semi-evergreen forest species 

Us = 

Undershrub. 

Deci. = Deciduous forest 

Family 

Species 

T/S/Us 

LD 


HD 

Ecological preferences 




Station 

Thicket 

Station Thicket 


Annonaceae 

Polyalthia cerasoides (Roxb.) Bedd. 

T 

_ 

_ 

+ 

_ 

Deci. 

Asteraceae 

Chromalaena odorata (L.) King & Robinson 

Us 

+ 

+ 

+ 

4- 

Weed 

Bignoniaceae 

Radermachera xylocarpa (Roxb.) K. Schum. 

T 

+ 

- 

4- 

- 

Deci. 


Stereospermum personatum (Hassk.) Chatteijee 

T 

- 

- 

-1- 

4- 

Deci. to Semi-eve. 

Bombacaceae 

Bombax ceiba L. 

T 

+ 

+ 

+ 

- 

Deci. 

Boraginaceae 

Cordia macleodii (Griff.) Hook. f. & Thoms. 

T 

+ 

- 

4- 

- 

Deci. 

Burseraceae 

Garuga pinnata Roxb. 

T 

+ 

4- 

- 

_ 

Deci. 

Caesalpiniaceae 

Bauhinia racemosa Lam. 

T 

4- 


+ 

+ 

Deci. 


Cassia fistula L. 

T 

+ 

- 

+ 

+ 

Deci. 

Combretaceae 

Anogeissus latifolia (Roxb. ex DC.) Wall. 

T 

+ 

4- 

4- 

4- 

Deci. 


Terminalia alata Heyne ex Roth. 

T 

+ 

- 

4- 

_ 

Deci. 


Termisalia paniculata Roth 

T 

4- 

- 

+ 

_ 

Deci. 

Ebenaceae 

Diospyros melanoxyion Roxb. 

T 

4- 

- 

4- 

4- 

Deci. 


Diospyros montana Roxb. 

T 

4- 

+ 

4- 

+ 

Deci. 

Euphorbiaceae 

Bridelia crenulata Roxb. 

T 

_ 

_ 

4- 

4- 

Deci. 


Bridelia retusa (L.) Spreng. 

T 

4- 

- 

+ 

_ 

Deci. 


Emblica officinalis Gaertner. 

T 

4- 

_ 

4- 

+ 

Deci. 


Givotia rottleriformis Griff. 

T 

4- 

_ 

_ 

_ 

Deci. 

Fabaceae 

Dalbergia latifolia Roxb. 

T 

4- 

+ 

+ 

+ 

Deci. 


Dalbergia paniculata Roxb. 

T 

4- 

4- 

+ 

4- 

Deci. 


Erythrina suberosa Roxb. 

T 

_ 

_ 

4- 

_ 

Deci. 


Pterocarpus marsupium Roxb. 

T 

4- 

_ 

+ 

+ 

Deci. to Semi-eve. 

Flacourtiaceae 

Casearia elliptica Willd. 

T 

_ 

_ 

4- 

_ 

Deci. 


Flacourtia indica (Burm.f.) Merr. 

T 

4- 

4- 

_ 

_ 

Deci. 

Lecythidaceae 

Careya arborea Roxb. 

T 

4- 

_ 

_ 


Deci. 

Lythraceae 

Lagerstroemia parviflora Roxb. 

T 

_ 


4- 


Deci. 

Mimosaceae 

Acacia ferruginea DC. 

T 

_ 

_ 

4- 

+ 

Deci. 


Albizia marginata (Lam.) Merr. 

T 

4- 

_ 

+ 


Deci. 

Moraceae 

Ficus benghalensis L. 

T 

4- 

_ 

4- 


Deci. 


Ficus religiosa L. 

T 

_ 

_ 

4- 


Deci. 

Oleaceae 

Schrebera swieteniodes Roxb. 

T 

4- 

_ 

+ 


Deci. 

Rhamnaceae 

Ziziphus oenoplia (L.) Mill. 

S 

4- 


4- 

+ 

Deci. 

Rubiaceae 

Catunaregam spinosa (Thunb.) Tirven. 

T 

4- 

_ 

+ 


Deci. 


Haldina cordifolia (Roxb.) Ridsdale 

T 

4- 

_ 

+ 


Deci. 


Hymenodictyon excelsum (Roxb.) Wall. 

T 

4- 

_ 

-1- 

+ 

Deci. 


Mitragyna parvifolia (Roxb.) Kunth. 

T 

_ 

_ 

4- 


Deci. 


Pavetta tomentosa Roxb. 

S 

4- 

+ 

+ 

+ 

Deci. 

Rutaceae 

Narengi crenulata (Roxb.) Nicolson 

T 

4- 




Deci. 

Sapindaceae 

Schleichera oleosa (Lour.) Oken 

T 

4- 

_ 

+ 

4- 

Deci. to Semi-eve. 

Sterculiaceae 

Eriolaena hookeriana Wight & Am. 

T 

4- 




Deci. 

Tiliaceae 

Grewia abutifolia Juss. 

S 

4- 

_ 

+ 

+ 

Deci. 


Grewia tiliaefolia Vahl. 

T 

4- 

+ 

4- 


Deci. 

Verbenaceae 

Lantana camara L. 

S 

_ 


4- 

+ 

Weed 


Premna tomentosa Willd. 

T 

4- 

_ 

+ 

_ 

Deci. 


Tectona grandis L. f. 

T 

+ 

- 

+ 

- 

Deci. 


The LD and HD contained 992 and 1466 trees ha"\ 
respectively (height > 2 m). The total basal areas of both 
the plots showed a narrow difference (22.4 m^ha"^ for 
LD and 23.6 m‘ ha ^ for HD). The height class distribu¬ 
tion pattern of the individuals was L-shaped for both 
the plots and the height distributions were not sig¬ 
nificantly different (Kolmogorv-Smirnov test p = 0.1673; 


Figure 2 a), but the girth distributions were significantly 
different in the two plots (Kolmogorov-Smirnov test 
p <0.02; Figure lb). The number of small trees is greater 
in the HD than in the LD (Figure 2 c, d), but there were 
no differences between the number of larger trees in the 
two plots. 

The HD contained 18 thickets ha“\ with area ranging 
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from 1 to 35 m^, while the LD had 9 thickets ha"^ with 
areas of 0.25-10 m^. The mean surface area of the 
thickets in the HD was lOm^ whereas it was 5 m^ in 
the LD. The total surface area occupied by thickets on 
the HD was 180m^ against 44 m^ in the LD. The 
number of species increased linearly with the size of 
the thickets (Figure 3; r^ = 0.54; rt = 26; /?<0.0001). 
Most of the thickets were near or on termite mounds 
and harboured semi-evergreen forest species like 
Schleichera oleosa and Pterocarpus marsupium which 
are rare in open places. 

Chromolaena odorata was present in the HD as well 
as in the LD (Figure 4). Its cover did not exceed 5% 
in the LD, whereas some patches were heavily colonized 



to O lO O lo lOOOOOOV 

I I . I I CO 

^lOOlOO lOOOii^ 

cv] 1-^00 

00 04 

Height classes (m) GBH classes (cm) 

Figure 2. a. Proportion of trees per height classes; b. Proportion of 
trees per GBH classes; c, Abundance of trees per height classes; d. 
Abundance of trees per GBH classes. 



Area of the thickets (m2) 


Figure 3. Relationship between the area of the thickets and the 
number of species per thicket (one outlier has been deleted). 



% of cover 

Figure 4. a. Number of plots (10 mx 10 m) by classes of percentage 
of cover by Chromolaena odorata in the LD and the HD; b, Number 
of plots (lOmxlOm) by classes of percentage of cover by Lantana 
camara in the LD and the HD. 

by this species in the HD. Lantana camara occurs only 
in the HD. 

The total number of seedlings was estimated to be 
12,400 ± 500 ha”^ in the LD and 4700 ± 150 ha"^ in the 
HD. The regeneration was higher in the LD than in 
the HD, despite the fact that the number of trees was 
higher in the HD. In the thickets, we found 12,460 
seedlings ha"^ (LD) and 4060 seedlings ha”^ (HD). The 
estimations are given without standard deviation, which 
has no meaning in this case because the sampling area 
varied with the differing sizes of the thickets. The total 
number of seedlings per hectare was almost the same 
in the thickets as in the open areas of both the plots. 

The rank abundance of the larger tree species was 
not the same as that of the seedlings (Figure 5). Grewia 
tiliaefolia, the most abundant tree, did not have abundant 
seedlings. The number of its seedlings ranged between 
1000 and 2000 per hectare but were rare in the thickets 
of the HD. Anogeissus latifolia, a dominant tree, 
regenerated comparatively well in the LD (around 5000 
seedlings per hectare), but did not do well in dense 
vegetation. The number of its seedlings dropped below 
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LD 


K) 







Figure 5. Rank abundance distribution of the dominant tree species: 
a, trees > 2 m in the LD; trees >2m in the HD; c, trees <2m 
in the LD; d, trees < 2 m in the HD; e, trees < 2 m inside the thickets, 
LD; /, trees < 2 m inside the thickets, HD. The four main species are 
presented with different patterns. 


1000 per hectare in the HD and in the thickets. Dalbergia 
latifolia, another dominant tree, produced lesser number 
of seedlings than Anogeissus latifolia in the LD, but 
seemed less affected by dense vegetation since its seed¬ 
lings were over 800 per hectare in the HD and in the 
thickets of the HD. The absence of the seedlings of 
Tectona grandis in the thickets of the HD may be 
suggestive of its shade-sensitivity at younger stages. 
Dalbergia latifolia, a species presenting a high number 
of young seedlings, had fewer individuals in the older 
seedling size classes, demonstrating a higher mortality 
in the LD than in the HD or the thickets (Figure 6). 

It has been observed that frequent fires reduce the 
number of tree species^"^. In Ainurmarigudi, the her¬ 
baceous species composition was not affected, but the 
HD contained more tree and shrub species than the LD. 
As stated in an earlier study^^, the species richness 
varies at random from 19 to 39 species per hectare; so 
the observed differences may not be ecologically sig- 


CL 

<a 


TJ 

<D 

Q> 



0 - 0.5 0 . 5 * 1.0 1 . 0 - 1.5 1 . 5 - 2.0 0 - 0.5 0 . 5 - 1.0 1 . 0 - 1.5 1 . 5 - 2.0 

Height classes (m) 

Figure 6. Number of seedlings and saplings per height classes of 
Dalbergia latifolia. 


nificant. An overall decrease in tree density^ recorded 
since 1978 in the LD affects the younger stages of the 
tree community, as shown by the height and girth class 
distributions. The number of individuals was higher in 
the HD, the smaller trees being more numerous, but 
the basal area was not very different. Succession is 
proceeding towards a denser vegetation and new thickets 
are formed or are increasing in size, facilitating the 
establishment of semi-evergreen species. With total 
protection in savanna-like vegetation, the thickets 
coalesce into a closed shrubby vegetation from which 
a closed forest emerges^^"^^. In the HD, the process is 
at an initial stage. On the contrary, with frequent fires, 
the number and area of the thickets reduces. This implies 
loss of species as there exists a linear relationship 
between the total species number and the area of thickets. 
Semi-evergreen trees such as Schleichera oleosa may 
be sensitive to this structural change. 

The seedling establishment of dry deciduous forest 
trees and shrubs is favoured by openings in the forest. 
In each plot, there was no noticeable difference between 
the number of seedlings inside and outside the thickets. 
The abundance of the seedlings in open areas is not 
the same specieswise, but as a general trend, the four 
common tree species establish well when the tree density 
is lower. Nevertheless, the survival of the seedlings 
seems to have been affected by fire, as shown by the 
height class stmcture of the seedlings of Dalbergia 
latifolia. Saplings of 2 m height were not represented 
in the samples taken in the LD. 

The two weeds Lantana camara and Chroma laena 
odorata were more frequent in the HD than in the LD. 
They invade large areas of the Bandipur National Park 
and are suspected to block tree growth and reduce food 
availability to livestock^^ Their control is of primary 
importance for the management of the wild herbivores 
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and we underscore here the fire maintenance of these 
two species at a low density. 

The present work supports the previous observations 
on the dynamics of this forest^. Currently, the tree density 
of the Ainurmarigudi Reserve Forest is decreasing, which 
is a clear threat to the sustainability of the ecosystem. A 
further step will be to know whether this trend is prevailing 
over the whole Bandipur-Mudumalai area. However, it 
may be necessary to adopt a better fire management policy. 

Frequent and uncontrolled fires, as in the present 
situation, endanger the ecosystem. Total protection is 
not possible because of the traditions of the local people, 
nor is it advisable. Even when attempted, it leads to a 
more closed forest, which is not advantageous for the 
grazing herbivores. During the course of plant succession, 
the biomass increases, and when the fires do occur they 
are generally violent, killing a large number of plants 
and animals'^. If there are no fires, weeds may invade 
and block the succession process, reducing the forage 
availability^^ An intermediate solution could be fire 
control. Late burning reduces tree population by killing 
young trees but early burning does not drastically 
affect the tree communityand could be applied safely. 
Setting early fires of lower frequency (once in two or 
three years) has the advantage of preventing catastrophic 
fires, stopping the spread of weeds and maintaining the 
tree cover. As a measure to safeguard the immense 
floral and faunal wealth of this ecosystem, it is advisable 
to determine carefully the optimal burning rate and 
frequency by experimental work. 
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Movement of P in sunflower plants 
inoculated with single and dual 
inocula of VAM fungi 

V. S. Mehrotra, U. Baijal, S. D. Mishra*, 

D. P. Pandey* and T. Mathews* 

Department of Botany, Allahabad University, Allahabad 211 002, India 
*Plant Physiology Section, Nuclear and Agriculture Division, Bhabha 
Atomic Research Centre, Trombay, Bombay 400 085, India 

Sunflower plants were inoculated with single and 
dual inocula of Glomus intraradix and Glomus mos- 
seae. ^^P-labelled phosphate was applied after suffi¬ 
cient infection was obtained in all treatments. Plants 
inoculated with dual inocula of the two VAM fungi 
showed significantly higher shoot weight than those 
inoculated with single inocula and control treatments. 
Of the ^^P transported to the plants, the percentage 
of ^^P transported to the shoot was 59.9 in G. in¬ 
traradix + G. mosseae, 25.12 in G. intraradix, 33.31 in 
G. mosseae and 35.2 in uninoculated control. The present 
study reveals that the increased growth in plants in¬ 
oculated with dual inocula compared to those inoculated 
with single inocula of VAM fhngi may be due to the 
increased transfer of P to the shoot from the root. 

It is now well-established that vesicular-arbuscular 
mycorrhizal (VAM) infection can enhance P uptake by 
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plant roofs\ The enhanced P uptake by mycorrhizal 
plants has been found to be mainly due to the external 
fungal hyphae, which act as an extension to the root 
system, thereby providing a more effective absorbing 
surface. However, the effectiveness of VAM fungi and 
the length of the external hyphae have been found to 
vary with the host-fungus combination^. Evidence is 
also increasing that species of VAM fungi differ in 
their effectiveness with changes in soil pH^, nutrient 
status of soil"^, and composition of soil microflora^. 
Studies have revealed that an ideal endophyte should 
possess the ability to infect the host plant early in the 
growth period, efficiently explore the soil for nutrients, 
transfer nutrients readily to the host, multiply readily, 
compete effectively with indigenous VAM fungi and 
infect a wide range of hosts under a variety of edaphic 
and environmental conditions. Since all these properties 
cannot be found in a single endophyte, a mixed inoculum 
containing more than one VAM endophyte may prove 
to be a more effective form of inoculum under a wide 
range of agro-climatic conditions^’ Moreover, a mixed 
inoculum could also provide for a better inoculum source 
throughout the growth season of the host plant, as each 
endophyte may be important at different times during 
the growth period. Studies on P uptake from isotopically 
labelled media have shown that VAM fungi are able 
to absorb P directly from the soluble P in the soil and 
translocate it to the host root^ Gray and Gerdemann* 
found that there was 160 times more radioactivity in 
the tops of mycorrhizal plants than non-mycorrhizal 
plants. It has also been observed that though plants 
infected with single inocula of VAM fungi clearly 
effected P uptake in roots, the rate of transport of P 
into the shoot was little affected^. Experimental evidence 
suggests that VAM fungi store very little of the absorbed 
P for a short period and so additional P absorbed by 
them should be rapidly transferred from the root to the 
shoot, to optimize the benefit of the mycorrhizal sym¬ 
biosis to the host plant. Most of the studies on P uptake 
have been done in soils with low or moderate P status. 
In soils high in phosphate, mycorrhizal interactions with 
plant P uptake have received less attention^, mainly 
because plants do not depend much on mycorrhizal 
association when soil P level is high. However, recent 
studies on the mycorrhizal dependence of crops have 
indicated that certain tropical crops are highly 
mycotrophic and will not grow or produce well in low-P 
soils, without a highly effective mycorrhizal association. 
It has also been noted that the critical soil P level and 
response of the plant to P application varies greatly 
according to the efficiency of native VAM fungi. Some 
studies on mixed inocula have shown that increased 
beneficial effect of the mycorrhizal association on the 
host plant, produced by a mixture of two VAM fungi as 
compared to that produced by a single inoculum, is due 


to the higher root colonizationThe present experi¬ 
ment was designed to investigate into the effect of 
single and dual inocula of VAM fungi on the movement 
of phosphate into roots and shoots of sunflower. 

Vertisol soil of high P status (Olsen P-97.5 mg/kg; 
pH 7.2) collected from y-field, Bhabha Atomic Research 
Centre, Trombay, India, and acid-washed sand were 
autoclaved twice, 2 weeks before use. About 100 seeds 
of sunflower (cv. Morden) were sown in steam-sterilized 
acid-washed sand to obtain sterile seedlings. The substrate 
for plant growth was prepared by mixing sterilized soil 
and acid-washed sand (1 : 1 w/w). Two kg of soil mix 
was filled in each of the plastic bags of size 30 x 18 
cm. Approximately 3-month-old cultures of the VAM 
fungi, viz. G. intraradix Schenck and Smith and G. 
mosseae (Nicol. & Gerd.) Gerdemann and Trappe, mul¬ 
tiplied on buffle grass {Cenchrus ciliaris L.) were used 
as inocula. Single (60 g) and double (30-f30g) soil 
inocula, containing chopped mycorrhizal root pieces, 
hyphae and spores were mixed about 6 cm below the 
soil surface in mycorrhizal pots. Uninoculated pots were 
mixed with 10 ml filtrate of mycorrhizal inoculum. One- 
week-old seedlings of uniform size were transferred to 
pots. There were three replicates for each treatment. A 
plant from each treatment was harvested after 7-15 days 
to observe for mycorrhizal infection. About 45% and 
60% of mycorrhizal infection was observed in roots of 
plants infected with single and dual inocula of VAM 
fungi, respectively, after 14 days of inoculation. On the 
15th day, 0.5 ml radioactive phosphate solution contain¬ 
ing 3.0|iCi H 3 ^^P 04 was diluted with 1500 ml distilled 
water and 25 ml of this solution was fed to each of 
the inoculated and uninoculated pot. After 17 days of 
application, the plants were carefully removed from 
the pots and carried to the laboratory in sterilized 
polythene bags. The roots were washed with several 
changes of sterile distilled water, dipped in 0.1 mM 
H 3 solution for 30 min and rinsed with two changes 
of sterilized distilled water. It is well documented that 
in crops different pairs of leaves contribute differentially 
towards seed development. In sunflower, the leaves of 
the lower half start senescing much earlier and, therefore, 
the seed filling primarily depends upon the assimilates 
contributed by the leaves at the upper half, since they 
remain green and active in photosynthesis for a longer 
period. Therefore, for measuring radioactivity, plants 
were divided into 6 different parts: 

Part I-tip of shoot with small leaves and bud (L-1) 
Part II - 1st pair of true leaves from the tip (L-2) 

Part III-2nd pair of true leaves from the tip (L-3) 
Part IV-3rd pair of true leaves from the tip (L-4) 
Part V - stem (S) 

Part VI-root (R) 

Each plant part was kept separately in disposable kimble 
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scintillation glass vials. Plant material was dried in an 
oven at 60-70‘’C for 24 h and the dry weight was 
recorded. Each dried plant part was dipped in 10 ml 
solution of PPO/POPOP/Dioxan scintillation fluid and 
transferred to trays for ^"P counts. Radioactivity was 
determined for 1 min in a computerized liquid scintil¬ 
lation counter using Cerenkov radiation. The total ^^P 
was estimated from the counts after correcting for back¬ 
ground and decay. Data were analysed using single-factor 
analyses of variance. 

In general, there was higher root and leaf dry weight 
in plants infected with G. intraradix + G. mosseae com¬ 
pared to plants infected with single inocula (Table 1). 
The double inocula treatment had significantly higher 
leaf dry weight than G. mosseae in only L-4 and L-3 
pairs of leaves, which indicates that G. mosseae possibly 
contributed most to the better performance of dual 
inocula. Performance of G. mosseae, which was better 
than G. intraradix in vertisol soil of high-P status used 
in the present study was, however, poor in sandy-loam 
soil of moderate P status used in earlier pot and field 
experiments^^, which indicates that effectiveness of VAM 
species varies much with edaphic conditions. Results 
obtained in the present study with double inocula treat¬ 
ment, however, are consistent with the observations 
made earlier in pot and field experiments^^. Differences 
in growth of plants infected with single and dual inocula 
of VAM fungi may be attributed to the higher root 
colonization during early growth period of plants inocu¬ 
lated with dual inocula. The lower root colonization 
associated with reduction in root dry weight in single 
inocula treatments might have offset any promotion of 
P uptake by VAM fungi. The reduced dry weight of 
the mycorrhizal roots inoculated with single inocula was 
possibly due to the competition for P by the VAM 
endophyte. Similar observations have been made earlier 
during the early part of the mycorrhizal associations in 
other crop plantsKoide and Li^"^ suggested that host 
plant limits mycorrhizal infection through some mechanism 
when it is not benefited from mycorrhizal association. 

The effect of single and double inocula of VAM 
fungi on the uptake and transfer of ^“P is given in 
Table 2. Mycorrhizal roots had higher P concentration 
than roots of equivalent non-mycorrhizal plants, which 
was due to the presence of hyphae, vesicles and arbus- 
cules inside the infected roots. Roots of plants infected 
with single inocula of G. intraradix and G. mosseae 
contained about 1.5 times the ^”P (74.88% and 66.90%, 
respectively) in roots infected with G. intraradixG. 
mosseae (40.10%). In shoots, however, plants infected 
with G. intraradix + G. mosseae had higher ^“P (59.9%) 
than in plants infected with G. intraradix (25.12%) and 
G. mosseae (33,31%). The higher percentage of P in 
roots of plants infected with a single inoculum than 
that in plants infected with dual inocula of G. intraradix 
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Table 1. Dry weight (mg) of root (R), stem (S), tip of the shoot 
consisting of small leaves and bud (L-1), 1st pair of true leaves 
(L-2), 2nd pair of true leaves (L-3) and Srd pair of true leaves (L-4) 


Dry weight (mg) 


Treatment 

R 

s 

L-4 

L-3 

L-2 

L-1 

G. intraradix 

171" 

490“ 

122“ 

343‘> 

351' 

370b 

G. mosseae 

180' 

433'’ 

82" 

352 '’ 

391“ 

460“ 

G. intraradix + 

G. mosseae 

242“ 

498“ 

95 b 

382“ 

384“ 

396“ 

Control 

200 *’ 

487“ 

60" 

343*’ 

371 '’ 

378*’ 


^’*^’^In each column the mean values superscribed with the same letter 
do not differ significantly (P = 0.05). 


Table 2. Radioactivity in root (R), stem (S), tip of the shoot con¬ 
sisting of small leaves and bud (L-1), 1st pair of true leaves 
(L-2), 2nd pair of true leaves (L-3) and 3rd pair of true leaves (L-4) 


Counts/min/lOmg dry wt. 


Treatment 

R 

s 

L-4 

L-3 

L-2 

L-1 

G. intraradix 

17664“'’ 

4633'’ 

506' 

105" 

to 

os 

^0 

415'’ 

G. mosseae 

22785“ 

6666“ 

3170*’ 

621 '’ 

422*’ 

396'’ 

G. intraradix + 
G. mosseae 

21700“ 

7232“ 

12141“ 

4072“ 

4139“ 

4819“ 

Control 

16153'’ 

4182'’ 

. 3182'’ 

542*’ 

251' 

616'’ 


each column the mean values superscribed with the same letter 
do not differ significantly {P = 0.05). 


and G. mosseae indicates that the high P status in 
single-inoculum plants might have limited the growth 
of VAM fungi, thus reducing the plant growth response 
to mycorrhizal association^^. Koide and Li^^ suggested 
that in sunflower, mycorrhizal infection is regulated by 
the P status of the root and not by the N or P status 
of the shoot. Cooper and Tinker‘d observed that onion 
roots infected with G. mosseae contained nearly twice 
as much of ^^P (44-53%) as the shoot (28—34%) after 
4 days of ^^P addition. In the present study, it is 
evidently clear that there is little difference in the 
percentage of absorbed phosphate transported to the 
shoots among plants infected with single inocula of G. 
intraradix and G. mosseae and control. Similar obser¬ 
vations have been made in other crop plants inoculated 
with a single inoculum^. The amount of ^^P transported 
to the shoots in G. intraradix + G. mosseae treatment 
was almost 2.5 times that in the uninoculated control. 
The data for distribution of ^“P in leaves show that ^^P 
was distributed differentially in different pairs of leaves, 
which was possibly due to the differential rate of 
transpiration in leaves. An increase in the proportion 
of appearing in the topmost portion of the plant 
(L-1) indicates that increased host transpiration moved 
P up from the root to the shoot. Cooper and Tinker^ 
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found that at full transpiration, the amount of in 
shoots in mycorrhizal plants was almost 2.3 times that 
at low transpiration. The higher activity in L-4 pairs 
of leaves in all treatments may be due to their presence 
close to the roots. 

The study confirms the hypothesis’ that the use of a 
mixture of two compatible species of VAM fungi can 
prove to be a better 'alternative to a species of VAM 
fungi universally adapted to different agro-climatic con¬ 
ditions. The results also indicate that the increased 
growth in plants inoculated with dual inocula compared 
to those inoculated with single inocula of VAM fungi 
may be due to the increased transfer of P to the shoot 
from the root. 
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Somatic tissues leading to embryo- 
genesis in cumin 

Anju Dave and Amla Batra 

Botany Department, University of Rajasthan, Jaipur 302 004, India 

Seeds of cumin (Cuminum cyminum L.) were ger¬ 
minated on Murashige and Skoog’s (MS) medium 
supplemented with benzyladenine (BA) (8 mg/1) and 
kinetin (1 mg/1). From the germinated seedlings, 
various explants (roots, hypocotyls and cotyledons) 
were excised and inoculated on MS medium supple¬ 
mented with 8 mg/1 of BA. Out of all the explants, 
hypocotyls were found to be the source to somatic 
embryos. However, separation of embryogenic clumps 
was difficult on soliditied medium; thus, on matura¬ 
tion root poles remained suppressed. Nevertheless, 
complete regeneration was observed in 10% of the 
cultures. 

Plant regeneration via somatic embryogenesis is 
preferred over organogenesis due to various advantages, 
one distinct advantage being that somatic embryos are 
bipolar structures bearing both root and shoot apices. 
Somatic embryogenesis is a pre-requisite in crop im¬ 
provement. It was reported that embryogenesis has been 
observed in all the Apiacean spices, except in cumin^ 
Nevertheless, investigations in cumin led to rhizogenesis, 
caulogenesis and complete plantlet formation through 
callus^. 

Cumin is an important spice used as a flavouring 
agent for culinary purposes. Its oil has significant 
medicinal properties (antispasmodic, antihysteric, 
stomachiachic, astringent and cooling). The technique 
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of tissue culture has applications in propagation and 
improvement of crops. The present investigation is the 
first report on somatic embryogenesis leading to regenera¬ 
tion in cumin. 

Cumin seeds were surface-sterilized and inoculated 
on MS medium^, solidified with 0.8% agar, incorporated 
with BA (8.0 mg/1) and kinetin (1.0 mg/1). 

Explants from two-week-old seedlings were inoculated 
on MS medium supplemented with BA (8.0 mg/1). 

From the mixed type of calli, simple callus (non¬ 
differentiating + embryo initials) and clumps of embryo 
initials were carefully separated and inoculated onto MS 
medium with the same BA concentration. 

Seedlings obtained from seeds inoculated on 
BA-containing-medium differed from normal seedlings 
in their entire thickness. From the various organs, i.e. 
roots, cotyledons and hypocotyls, cotyledons showed 
necrosis, roots formed pale yellow callus which did not 



Figure 1. Group of proembryo initials. 
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Figure 2. Dicotyledonary embryos with distinct shoot and root poles. 

differentiate, whereas hypocotyls were able to produce 
somatic embryos. 

The proembryo clumps were separated from the rest 
of the callus mass (Figure 1). Passing from the globular 
and heart-shaped stages, the embryos reached maturity, 
attaining a torpedo shape. However, separation of 
embryos was a difficulty continuously faced (Figure 1, 
where embryos are seen to be lying in clusters because 
of the solid medium) and it could be achieved in only 
10 % of the cultures where distinct shoot and root poles 
could be observed (Figure 2), while the rest of the 
cultures could produce only shoots as the root poles 
remained suppressed. 

Hypocotyl, which has proved to be a productive source 
of embryogenic callus in our experiments, has been 
reported earlier also to be so^’^’^. 

The present study strongly supports the need of 
cytokinins for somatic embryogenesis. For the Apiacean 
members, auxins have been stated as a requisite for 
embryogenesis^’^. On the contrary, auxins were not found 
to be essential for the induction of embryogenesis. 
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Fertile plants regenerated from 
mesophyll protoplasts of cold- 
tolerant rice 

J. N, Gupta* and S. N. Gupta 
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*Present address: Department of Biotechnology, Directorate of Rice 
Research, Rajendranagar, Hyderabad 500 030, India 

A protocol for regeneration of fertile plants from 
leaf-sheath-derived protoplast of Oryza sativa (L.)? 
which is a pre-requisite for utilization of genetic 
manipulations at the cellular level without or with 
very little creation of genetic variation, is reported. 
Isolated protoplasts from inner leaf sheath of 7-day- 
old seedlings were cultured in modified N6 medium 
in the presence of feeder cells. The presence of feeder 
cells and reduction of osmoticum played an important 
role in obtaining the sustained divisions of mesophyll 
protoplasts. Among the three procedures, i.e. 
protoplast cultured in liquid medium, in 0.15% 
agarose and on top of a cellulose nitrate membrane 
in the presence of feeders, the latter procedure ex¬ 
hibited the highest number of protoplast-derived calli 
(protocalli). The protocalli obtained from 0.15%- 
agarose-cultured protoplasts (without membrane) 
produced a larger number of plantiets. 

Reproducible plant regeneration from protoplasts is an 
essential pre-requisite for genetic manipulations such as 
somatic, hybridization, cytoplasmic recombination and 
direct uptake of DNA. Plant regeneration from protoplasts 
has been achieved through callus and suspensions in 
most of the gramenease, i.e. rice’”^, wheat^, sugarcane^’ 
pearl millet^, maize^^ and barley^ ^ It is generally observed 
that the establishment of cell culture in cereals is not 
only difficult, but they also tend to become less 
regenerable and accumulate genetic changeson 
prolonged culture. Due to the above reasons, extensive 
efforts have been made^"^ since 1974 to induce sustained 
divisions and regeneration of plants from mesophyll 
protoplasts in cereals. Recently, Gupta and Pattanayak^^ 
have reported the regeneration of plants from mesophyll 
protoplasts of rice. The reported protocol of Gupta and 
Pattanayak^^ is not repeatable'^’ In this paper, we report 
a simple and reproducible procedure for induction of 
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sustained divisions, callus foniiation and regeneration 
of fertile plants from mesophyll protoplasts of rice. 

Oryza sativa (L.) cvs. RCPLl-lC and Meghalaya-1, 
having red seed colour and commercially cultivated in 
high-altitude areas (1000 msl) of the northeastern hills 
of India, were used for protoplast culture. IR-65, a 
commercially cultivated variety released by the Interna¬ 
tional Rice Research Institute, Manila, Philippines, was 
used for feeder cells. Dehusked, undamaged healthy 
seeds of RCPLl-lC and Meghalaya-1 (specific gravity 
1.2) were surface-sterilized in 70% ethanol for 1 min 
and in 0.1% mercuric chloride for 5 min, followed by 
three washings in sterilized distilled water. Then they 
were cultured in MS^^ half-strength semisolid medium 
under 16/8 h day/night photoperiod (3000 Lux intensity) 
at 26±rC for 7 days. On the 8th day, 100 seedlings 
were selected for protoplast isolation. The basal whitish 
portion attached to the roots and the dark green portion 
(2-3 mm) at the base of the first leaf were discarded. 
The green inner sheath between these two portions 
(Figure 1 a) was cut into fine pieces and incubated for 
1 h pre-plasmolysis in CPW-20M medium (CPW salts*^ 
with 20% mannitol). The CPW-20M was replaced by 
15 ml of an enzyme solution containing 0.25% cellulase 
Onozuka-RS (Yakult Honsha Co., Tokyo, Japan), 0.05% 
pectolyase Y-23 (Seishin Pharmaceutical Co., Tokyo, 
Japan) and 5 mM MBS buffer, dissolved in CPW-15M 
medium. The mixture was incubated in a 90 mm Petri 
dish in the dark at 50 rpm on a gyratory shaker for 
3 h, followed by 1 h stationary period at 26 ± TC. The 
released protoplasts were filtered through nylon sieves 
of 64, 45 and 30 jam and washed twice in CPW-15M 
by pelleting at 1000 rpm. Washed protoplasts were 
purified by floating over 5 ml of 0.8 M sucrose at 500 
rpm for 5 min and again washed twice in CPW-15M 
medium. The viability of protoplasts was determined by 
Fluorescein diacetate (FDA) staining and cell con¬ 
tamination was checked by staining with Calcoflour 
white^^. One ml of protoplasts was cultured at a density 
of 1 X 10^ protoplasts/ml in N6Z (N6^* supplemented 
with 1.5 mg 2,4-D, 0.2 mg f* zeatin, 500 mg casein 
acid hydrolysate and 0.8 M glucose) (without sucrose 
at pH 5.8), in N6Z with 0.15% sea plaque agarose 
(LOT, FMC, Rockland, USA) in the well formed by 


feeder cells, and in N6Z with 0.15% sea plaque agarose 
on top of a 47 mm Whatman cellulose nitrate filter 
membrane (Whatman Paper Ltd., Kent, UK) of 0.8 |im 
pore size. The cultures were sealed by parafilm and 
kept in the dark at 26 ± VC. The feeders were prepared 
from 3-4-month-old fast-growing fine cell suspension 
of immature embryo-derived call! of rice cv. IR-65. 
1.5 ml of the settled volume of cell suspension was 
vigorously mixed-up with 10 ml of N6Z medium sup¬ 
plemented with 0.5 M glucose and 0.6% agarose (low 
melting, Sisco Research Pvt. Ltd., Bombay, India). From 
this mixture, 1.5 ml was poured in the inner periphery 
of a 35 mm Petri dish in the form of a ring for protoplast 
culture in the well, and 5.0 ml of this mixture (0.6% 
agarose was replaced by 0.4% agarose) was spread in 
a 55 mm Petri dish for protoplast culture on top of the 
cellulose nitrate membrane. The first reduction of os- 
moticum was made on day 8 by 0.5 ml of N6Z medium 
supplemented with 0.4 M glucose, followed by addition 
of N6Z medium supplemented with 0.2 M glucose every 
week for resuming the sustained divisions and vigorous 
growth of protoplasts. After the 20th day, the cultured 
protoplasts were transferred from the well of the 35 mm 
Petri dish to a new 60 mm Petri dish with the help of 
a wide-mouth pasture pipette containing 2 ml of N6Z 
medium supplemented with 0.2 M glucose and the 
membrane was transferred from feeder cells to a What¬ 
man pre-filter pad moistened by 3.0 ml of N6Z medium 
supplemented with 0.2 M glucose. On the 30th day, the 
protoplast-derived calli were transferred onto the callus 
proliferation medium (N6Z supplemented with 2.0 mg 1'^ 
2,4-D, 30 gf^ sucrose (instead of glucose) and 0.8% 
sea plaque agarose). After two weeks, the embryoid-like 
stmctures containing calli were transferred on to 
medium (MS salts with 3.0 mg 1"^ kinetin, 0.5 mg 
NAA and 0.7% agarose). The cultures were kept initially 
in the dark for 7 days and then transferred to a 16/8 h 
light/dark regime using an assortment of fluorescent 
light and 60 W incandescent lamp (3000 Lux) at 26 ± TC. 
At the 2-3-leaf stage, the developing plantlets were 
transferred to 1/2 MS semisolid medium for root develop¬ 
ment, Later on, the regenerants were hardened into 1/2 
MS liquid medium (without sucrose) and then transferred 
in pots containing 1 : 1 mixture of sterilized soil and 


Table 1. Effect of culture procedures on the number of visible colonies and plant regeneration 
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38 
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49 
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compost. The data in the table represent the average of 
five independent experiments. 

The freshly isolated protoplasts from the leaf base 
(Figure 1 b) were small (8-15 p,m in diameter) with 
dense cytoplasm, which displayed red fluorescence under 
UV light, a characteristic of mesophyll protoplasts. On 
an average 6-10 x 10^ protoplasts from 1 g fresh weight 
of leaf tissue were released. Undigested cells and cell 
debris were effectively removed by sucrose density 
gradient technique, which was monitored by Calcoflour 
white. More than 90% viable protoplasts were determined 
by fluorescein diacetate. Protoplasts regenerated the cell 
wall after the 3rd day, changing the shape from spherical 
to oval after the 4th day; the first division after the 
6 th day of culture (Figure 1 c) indicated the re-entry 
of protoplasts into the cell cycle. Further divisions 
(Figure 1 d, e) led to the formation of microcalli (Figure 
1 /), i.e. after the 15th day. Reduction of osmoticum 
with fresh medium every week was found to be essential 
to maintain the sustained divisions and vigorous growth 
of protoplasts. 

Support of feeder cells has been found essential for 
sustained divisions of protoplasts^"^’However, 
in the present investigation, the protoplasts of RCPLl-lC 
showed divisions and formation of microcolonies up to 
the 32-cell stage without feeder cells. Such divisions 
were not found in the other variety. The feeders prepared 
from fast-growing cell suspension were found most 
suitable for sustained divisions of protoplast. 

Among the three culture procedures, i.e. protoplasts 
cultured in liquid medium, in 0.15% agarose in the ring 
formed by feeder cells and in 0,15% agarose on top 
of a membrane, culture protoplasts on membrane (Figure 
1 g) was more effective for obtaining a larger number 
of protocalli (Table 1). Perhaps, this could be attributed 
to better aeration and direct contact with feeder cells. 

The use of callus proliferation medium for embryoid 
formation from protoplast-derived calli was an important 
step for obtaining a large number of plantlets. The 
embryoid-like structures were separated and transferred 
on MS-based plant regeneration medium with various 
combinations of growth regulators. The MS medium 
(MS salts with 3.0 mg 1"^ kinetin and 0.5 mg 1"^ NAA) 
was suitable for obtaining a larger number of plantlets 
(Figure 1 h). The differentiation of embryoids was ob¬ 
served as early as 14 days after the transfer on MS-based 
medium. These organized structures first developed into 
coleoptile and eventually into plants (Figure 1 i). A 
variation in the frequency of plant regeneration was 
also observed. The calli derived from protoplasts cultured 
in 0.15% agarose showed the highest frequency of plant 
regeneration, followed by protoplasts cultured in liquid 
medium and on membrane. The average number of 
plantlets was also higher in protoplasts cultured in 0.15% 
agarose (Table 1). Hardening of plantlets in 1/2 MS 


liquid medium (without sucrose) was an essential step 
for successful transplantation of plantlets in soil. Sixty- 
seven fertile plants from RCPLl-lC and about 48 plants 
from Meghalaya-1 were obtained. The panicle (Figure 
1 j) derived from mesophyll protoplasts had red seeds, 
confirming that the plants have been regenerated from 
mesophyll protoplasts and not from the feeder cells 
derived from white-seeded genotype. 

Thus, a reproducible procedure for regeneration of 
fertile plants from mesophyll protoplasts of Oryza sativa 
(L.) has been developed. This finding would be useful 
for in vitro genetic manipulations in rice plants at the 
protoplast level without/with little creation of variation. 
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In vitro generation of sheep-pox-virus- 
induced T cell clones 
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In vitro studies pertaining to the development of 
sheep pox virus (SPV)-induced T cell clones have 
been attempted. Long-term cultures with PBMC of 
SPV-infected and/or immunized sheep were initiated 
in the presence of specific SPV antigen. The SPV- 
induced cultures could be maintained for 63 days by 
alternate antigen ‘starve and feed’ cycle without 
addition of antigen-presenting feeder cells. Significant 
alteration in CD^: CDg ratio was observed in the 
cultured cells, and when CD^: CDg ratio was stable, 
the subcloning was done by the limiting dilution 
technique. The long-term-cultured cells and cloned 
cells were characterized on the basis of microscopical 
examination, E rosette technique, monoclonal probe, 
interleukin-2 receptor expression and by determining 
the cytotoxic potential against histocompatible-virus- 
infected lamb testicular labelled target cells by ^'Cr 
release assay. 

For the last one and a half decades many efforts have 
been made to obtain antigen-specific T lymphocyte 
clones. The lymphocytes could be propagated in vitro 
and made specific to repeated exposures to antigens. 
T cell clones have been raised against most of the 
antigens, including peptides, proteins, PPD, hormones, 
MHC tumour, erythrocytes, inert metals like nickel, 
bacterial viral antigens, and mitogens. Details about 
cloning of T cells from human and murine source are 
available in the literature^’" but the information about 
cloning of T cells against sheep pox virus (SPV)-specific 
clone is not available. 

In the present communication we report studies on 
the development and characterization of SPV-specific 
and Concanavalin A (ConA)-induced ovine T cell clones. 

Healthy Muzzafarnagri sheep of either sex and lambs 
of known pedigree with no prior history of sheep pox 
disease or vaccination were used for this study. 

The sheep were immunized with 0.1 ml dose (1000 
TCIDgy) of live attenuated SPV/RF strain of sheep pox 
/accine (B. P. Division, IVRI). The virulent Jaipur strain 
of sheep pox virus (B. P. Division, IVRI) was used. 
The lambs were given 2000 ID^q (skin-infective dose 
50%) at four spots by intradermal route (0.1 ml at each 
spot) on the shaved abdominal region. 

In an attempt to develop SPV-specific T cell lines 
and mitogen-induced clones, an experimental model was 


designed based on the method of raising murine T 
helper cell line^ and goat mononuclear cell specific 
against rabbit RBC antigen"^. 

The PBMC from peripheral blood collected on 8th 
day post-immunization and 7th day post-infection were 
separated on Ficol Hypaque. The lymphocytes 
(4xl0Vml) were suspended in GM and dispensed in 
the Mongro flasks. Predetermined inactivated sheep pox 
virus suitable for blastogenesis at optimum concentration 
(20 p-g protein/ml) was incorporated in the culture flasks 
and the cultures were incubated at 37°C. On 6th day 
post-incubation, the live cells were harvested, counted 
and suspended in RPMI-1640 GM (2xl0Vml) without 
antigen, in fresh flasks for 6 days. The period from 6th 
to 12th day post-incubation was designated as antigen 
‘starve’ period. At the end of antigen ‘starve’ cycle, 
viable cells were harvested and subcultured in the 
presence of SPV antigen (20 |ig protein/ml) in condi¬ 
tioned medium and incubated for further 6 days. This 
period of antigenic stimulation was designated as antigen 
‘feed period’. On 6th day of antigen feed period, the 
viable cells were subcultured and maintained by antigen 
starve cycle. The cultures were thus maintained by 
alternate antigen ‘starve’ cycles for 42 days. Thereafter, 
the cultures were fed antigen at weekly intervals and 
were maintained up to 63 days. Similarly, the cultures 
were maintained for 47 days using ConA. 

The spent media of the cultures were changed every 
72 h with CM. At each stage parallel cultures were run 
in Leighton tubes (1.5 ml/tube) for microscopic examina¬ 
tion (by Giemsa staining or indirect fluorescein antibody 
technique using monoclonal antibodies) and phenotype 
characterization. 

Dead cells were removed by layering the cultured 
cell suspension over Ficol-Hapaque (2:1) followed by 
centrifugation at 400 g for 15 min. The viable cells were 
recovered from the interface, washed twice with GM 
and dispensed as per the requirement. 

The 40th day mitogen-induced cultures and 58th day 
SPV-induced PBMC were subcloned by the limiting 
dilution method in 96-well round-bottom microculture 
plates in the presence of IL-2 growth factor^. Expansion 
of clones was done in 24-well costar plates (Cluster 
24-205 Broadway, Cambridge) and the. phenotype was 
characterized by monoclonal probe. 

Phenotype characterization of long-term-cultured and 
cloned cells was done on the basis of microscopical 
examination of culture flasks and stained smears, E 
rosette test^ monoclonal probe using indirect immuno¬ 
fluorescence^, IL-2 receptor expression^ and by deter¬ 
mination of cytotoxic potential by ^^Cr release assay* 
using histocompatible-virus-infected lamb testicular 
labelled target cells. A periodical microscopical examina¬ 
tion of cultures was carried out. 

The cells harvested at regular intervals from SPV- 
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stimulated and mitogen-induced sheep PBMC long-term 
cultures were characterized both morphologically and 
functionally. 

Morphological characterization was carried out by 
microscopical examination of antigen-stimulated cultures 
in culture flasks with or without Giemsa’s technique. 
Blastogenesis appeared 72 h post-initiation of cultures. 
At 96 h, the blasts were marked, ranging from 8.34 to 
9.2%. The blasts appeared as large, round or oval cells 
with a thin rim of cytoplasm and an almost central 
large nucleus. By 108-120 h, clusters of lymphoblasts 
appeared in the cultures. Subsequently, on day 6 , cells 
larger than lymphocytes were seen floating throughout 
the culture flasks. These cells had a large eccentric 
nucleus and a wide rim of bluish cytoplasm in contrast 
to the lymphocytes, which had a thin rim of pink-bluish 
cytoplasm. By day 10, the size and number of large-cell 
colonies increased. About 10-20 colonies were seen per 
field under low power. 

The Targer’ cells appeared to multiply constantly up 
to day 20 and 20-25 colonies, with 20-30 cells per 
colony seen under low power. On day 25, most of the 
cells in these colonies appeared to be degenerating, with 
the colony size decreasing gradually. At this stage only 
20-25 cells per colony could be visualized. By day 28, 
most of the colonies disappeared, except for two or 
three which appeared to be scattered in the culture. On 
day 31 numerous ‘small’ cells were seen floating in 
the cultures, with one or two colonies seen per flask. 
On day 35-^0 the colonies were hardly visible. Only 
‘small’ and ‘large’ cells were observed in suspension 
cultures. 

On day 45, small colonies reappeared in the culture 
and were seen up to day 55. On day 50, ‘large’ cells 
were predominant in number and small cells with two 
to three colonies per culture flask were observed. There¬ 
after, no appreciable difference in microscopical picture 
was observed. 

‘Small’ cells appeared always floating as single dur lets 


or quadruples. These cells had a very small nucleus 
and a thin rim of cytoplasm. Small cells were considered 
to be mostly young daughter cells or cells at the 
multiplying stage budding out from large cells. 

The mitogen-stimulated PBMC long-term cultures 
showed a similar sequential microscopic picture with 
minor differences. The number of colonies per culture 
flask appeared more. The ‘large’ and ‘small’ cells were 
more distinct and colonies appeared throughout the 
culture period. Small cells appeared singly in duplets 
or in groups of 4-5 cells resembling a small colony. 

The adherent cells, which form an integral part of 
the cultures, were always found in the culture flasks. 
These cells formed a thin sheet which embodied in it 
most of the dead cells. The sheet appeared in the 
background when examined under a microscope. In a 
few cultures the adherent cells appeared to inhibit further 
growth of ‘large’ and ‘small’ cells, resulting in increased 
dead cell count. The adherent cells were gradually 
eliminated on subsequent subcultures (made beyond day 
15) by changing the culture flasks. The SPV-antigen- 
induced cultures were maintained up to 63 days and 
Con-A-induced cultures for 47 days. 

E-rosette-forming cells from the SPV-specific sheep 
PBMC cultures were enumerated at weekly intervals. 
The results are given in Table 1. 

The results of phenotypic characterization of SPV-an- 
tigen- and Con-A-stimulated long-term cultures of sheep 
PBMC were interesting. The cultured cells uniformly 
contained lymphocytes with CD^, CDg, CD 5 and T^^ 
markers. Stability in SPV-antigen-stimulated cultures 
with respect to CD^: CDg ratio was observed between 
day 35 and 40 post-initiation with minimum T^g+ cells. 
In Con-A-stimulated cultures stability with respect to 
CD 4 : CDg ratio was observed between day 28 and 42 
post-initiation. MAB Tj^-i- cells continued to exist in 
the cultures till day 42. 

SPV-specific PBMC were studied for expression of 
IL-2 R and cytotoxic potential on day 48 post-initiation 


Table 1. E-rosette-forming cells in SPV-antigen-stimulated and Con-A-stimulated long-term in 

vitro sheep PBMC cultures 


Animal 

Post-culture initiation intervals (days) percentage rosette formation 

0 

7 

14 

21 

28 

35 

42 

49 

SPV-antigen-stimulated cultures 







Lamb 160 

16 

18 

30 

45 

43 

41 

28 

30 

Lamb L546 

18 

20 

32 

40 

42 

ND 

ND 

ND 

Sheep E67 

15 

16 

31 

41 

28 

ND 

ND 

ND 

Mean SE 

16.33 

18.00 

31.0 

42.0 

37.66 

41.0 

28.0 

30.0 


±0.88 

±1.15 

±0.37 

±1.52 

±4.84 

ND 

ND 

ND 

Con-A-stimulated cultures 







E67 

15 

16 

25 

40 

30 

34 

ND 

ND 
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Values are averages of three readings taken from each culture. 
ND, Not done. 
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of the culture. The IL-2R expression was studied in 
IL-2 stimulated and unstimulated culture cells by 
thymidine uptake assay. The stimulation index was 3.43. 
The cytotoxic potential was assayed by ^^Cr release 
assay using histocompatible-virus-infected lamb testicular 
cell targets. The counts per minute were taken after 
1 h incubation with labelled target, at 100 :1 E : T ratio. 

After day 12 post-subcloning by limiting dilution, the 
cultured cells were assayed for surface markers. The 
cells in one row of the culture plate were positively 
reacting to CD^, which were expanded. In other rows 
CD 4 + and CDg + cells were in 3:2 ratio. 

In the present study Con-A-induced cultures required 
6 -weekly mitogenic stimulation and regular change of 
conditioned medium on every alternate day without 
providing antigen-presenting cells (APC). The provision 
of CM was felt essential in the absence of APC. 
Long-term cultures require the presence of APC^"^^. But, 
in contrast, several reports indicated long-term growth 
and maintenance of certain human T cell lines and 
clones in the absence of APC^^’^"^. In this study an 
optimal growth with colony formation was observed in 
mitogen- and SPV-antigen-induced sheep PBMC long¬ 
term cultures derived from infected/vaccinated lambs. 
In long-term cultures, it was observed that E-rosette¬ 
forming lymphocytes increased from day 0 to 35 in 
antigen-stimulated and from day 0 to 21 in mitogen- 
induced cultures. The observations are consistent with 
earlier reports^^’The overall increase in E rosette is 
believed to be due to the release of a soluble factor, 
the E rosette augmenting factor (E-RAF), which increases 
the total number of lymphocytes that form rosette with 
SRBC'''. 

Interesting information was collected on monoclonal 
probe from growing lymphocytes in long-term cultures. 
The CD 4 : CDg ratio was 2.25 on day 7, with a significant 
positive increase in cells bearing CD^ + or CD^ + mole¬ 
cule and a corresponding decrease in cells bearing CDg + 
molecule. The MHC class II molecule appeared on 48% 
lymphocytes, which implies that most of the T cells 
were activated. On day 14-21, the CD^: CDg ratio in 
the cultures decreased to 1.29, with a corresponding 
increase in lymphocytes bearing CDg molecule; + 
reacting cells decreased below baseline values. It can 
be predicted that between day 7 and 14, CDg (cytotoxic/ 
suppressor) cells proliferated in response to in vitro 
antigen stimulation of in vivo primed cells, the resultant 


maturation of young precursor/daughter cells and appear¬ 
ance of CDg-receptor-bearing cells with increased per¬ 
centage reactivity. A gradual increase in CDg + cells 
was observed on subsequent days till day 35-49. The 
CD 4 : CDg ratio stabilized in cultures with higher decrease 
in percentage frequency of T^^-reacting cells and 75-82% 
cells expressed MHC class H. The functional charac¬ 
terization and monoclonal antibody approach revealed 
that Tc cells had also proliferated, which showed 
cytotoxicity potential against histocompatible-virus-in¬ 
fected lamb testicular labelled target cells. The subcloning 
and characterization of cloned cells were suggestive that 
both subsets of T cells bearing CD^ or CDg molecule 
proliferated. Further studies regarding cloning and func¬ 
tional characterization of viral-antigen-specific clones 
are suggested. 
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In vitro micropropagation of scented 
geranium (Pelargonium graveolens 
L. Her. ex Ait: syn P. roseum willd) 

G. Satyakaia, M. Muralldhar Rao and G. Lakshmi 
Sita 

Department of Microbiology and Cell Biology, Indian Institute of 
Science, Bangalore 560 012, India 

The objective of this study was to develop a rapid 
and efficient system for regenerating shoots from 
nodal explants of scented geranium {Pelargonium 
graveolens L. Her. ex Ait: syn. P. roseum willd). 
Single node stem expiants were inoculated in MS 
media containing different combinations of 
6 -benzyIaminopurine (BAP) with indole-3-acetic acid 
(lAA) or naphthalene acetic acid (NAA) (0, 0.5, 1.0, 
2.0 mg/1) in a 4x4 factorial experiment. Multiple 
shoots were induced in media supplemented with 
BAP and lAA. Maximum number of shoots (56 per 
explant) were observed in the medium containing 
BAP and lAA at 1 mg/1 each, 30 days after inoculation. 
Micro shoots were subcultured once in every four 
weeks. Adventitious shoots were induced from in vitro 
grown leaves and petioles. Several regenerated shoots 
were rooted on MS half-strength medium supple¬ 
mented with 0.5 mg/1 indole-3-butyric acid (IBA) and 
the plantlets were hardened in the growth chamber. 
This micropropagation system could be used for rapid 
and large-scale production of scented geranium. 

Plants are a valuable source of a vast array of chemical 
compounds. Many species of higher plants synthesize 
and accumulate extractable organic substances in quan¬ 
tities sufficient to be economically useful raw materials 
for various commercial applications. Economically 
important plants serve as an irreplaceable source of 
flavour and fragrances, pharmaceuticals, etc., and many 
more products^"^. 

Pelargonium graveolens, commonly known as rose- 
scented geranium, belongs to the family Geraniaceae, 
yields an oil on distillation which is commercially known 
as ‘oil of geranium’. It is one of the important essential 
oils widely used in soaps, perfumery and cosmetic 
industries. Even though many species of Pelargonium 
grow in India, only P. graveolens is cultivated mainly 
for the production of oil. The total annual production 
of geranium oil in India stands at about 20 tonnes. As 
the production is inadequate to meet the growing demand 
of the Indian perfumery industry, an additional 20 tonnes 
of oil worth ten million rupees is being imported annually. 
The imports during the last ten years have shown a 
sharp increase"^. Hence, there is large scope for cultivation 
of this important plant in India. 

Geranium is propagated by stem cuttings. One of the 
constraints is the non-availability of sufficient planting 


material for large-scale cultivation. Considerable amount 
of work has been done on ornamental geraniums^“‘\ 
but work on in vitro multiplication of oil-yielding crop 
is limited. Tissue culture offers an effective alternative 
method for rapid multiplication of desirable clones con¬ 
taining high oil content. Relatively few studies have 
been published on the mass in vitro clonal propagation 
of oil-yielding species of Pelargonium. Pillai and Hilde- 
brandt^^, Stefainiak and Zenkteler'^ and Cassels and 
Carney^'* described the use of adventitious regeneration. 
Micropropagation by axillary bud proliferation has proved 
to be the most reliable method for large-scale production 
of many crop plants. The present investigation was 
undertaken to serve the need to standardize in vitro 
techniques for mass multiplication of high oil-yielding 
varieties. 

Stem cuttings of P. graveolens were collected from 
the field-grown plants from Central Institute of Medicinal 
and Aromatic Plants (CIMAP), Bangalore. The nodal 
explants were thoroughly washed in running water after 
removing the leaves and stipules for an hour. Explants 
were surface-sterilized first with a surfactant Tween-20 
(two drops per 100 ml solution), followed by rinsing in 
0 .1% mercuric chloride for 10 min and washed thrice 
with sterile distilled water. The explants of 1 cm length 
were inoculated aseptically in Murashige and Skoog^^ 
(MS) medium supplemented with various concentrations 
of auxins, lAA, NAA and cytokinins, kinetin (KIN) and 
BAP. The pH was adjusted to 5.7-5.8 and 0.3% w/v 
phytagel (Sigma) was added before autoclaving at 1.06 
kg/cm' pressure for 20 min. Leaf lamina and petioles 
used for the induction of adventitious shoots were cut 
into approximately 5x7 mm and 5 mm pieces, respec¬ 
tively. The number of shoots initiated from the cut ends 
of leaves and petioles was recorded every four weeks 
after inoculation. 

MS media supplemented with BAP and lAA or NAA 
(0, 0.5, 1.0, 2.0 mg/1) were tested in 4x4 factorial 
combinations for the induction of multiple shoots from 
nodal explants of Pelargonium. For further proliferation 
of these multiple shoots, MS media supplemented with 
different combinations of lAA and KIN (0, 0.2, 0.5, 
1.0 mg/1), 2% sucrose and high myoinositol (1 g/1) were 
used. After inoculation, cultures were maintained at 25 
+ 2°C under 16 h daily illumination with fluorescent 
light (15 p-E m"^ s"^). In all experiments 20 replicates 
were used and each experiment was repeated at least 
three times. Root induction was attempted with MS 
half-strength medium supplemented with NAA, lAA or 
IBA at 0.5 mg/1 each, along with 2% sucrose. All obser¬ 
vations were recorded every seventh day. The results 
exclude the cultures that got contaminated or died after 
inoculation (up to 2%). Among the media combinations 
tested for different stages, the following combinations were 
found to be superior (concentrations in mg/1). 
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MSI; 


MS2: 


MS full-strength medium supplemented with 
(1.0) + KIN (1.0) + myoinositol (1000.0) along with 

2% sucrose. • u tjap 

MS full-strength medium supplemented with BAf 

(1.0)-h 1AA (1.0) along with 2% sucrose. 


MS3; MS half-strength major elements with IBA (0.5) 
along with 2% sucrose. 

Among the different explants tested (leaves, nodal 
and internodal explants), only nodal explants responded 
positively within 12-15 days after inoculation. Induction 



£g rviSrous proliferation of shooU. 
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of axillary bud into single shoot (Figure 1 d) was 
observed from the nodal explant inoculated on MSI 
medium. Even though nodal explants inoculated in the 
same medium with the normal inositol concentration 
(100 mg/1) responded similarly, there was a marked 
reduction in the petiole length and also leaf size. Axillary 
buds were first visible as short, swollen protrusions 
similar to those described as dwarf shoot primordia by 
Romberger^^ Axillary shoots proliferated rapidly while 
attached to the original explant. Shoots were then 
removed and subcultured on the same medium for further 
proliferation. It was observed that proliferation of shoots 
was more vigorous in magenta jars compared to test 
tubes. All developmental stages up to plantlet develop¬ 
ment are shown in Figure 1. 

Nodal explants on BAP with lAA combinations 
responded better than those on BAP with NAA. Induction 
of multiple shoot was achieved in lAA and BAP media 
3-4 weeks after inoculation of nodal explants, especially 
from bulged axillary regions and cut ends. Among all 
the 16 concentrations tested (Table 1) the best response 
was noticed in MS2, with an average of 56 shoots per 
explant (Figure 1 b). As the concentration of BAP was 
increased up to 1 mg/1, there was a marked increase in 
the mean number of multiple shoots per explant, which 
started decreasing at higher levels. Explants inoculated 
in BAP alone and in BAP with NAA combinations 
turned brown. The presence of NAA in the regeneration 
medium inhibited multiple shoot initiation regardless of 
BAP concentration. This is consistent with the results 
of Valobra and James^^. Induction of adventitious shoots 
with different concentrations of BAP alone was observed 
in ornamental geranium*^. 

Table 1. Effect of BAP and lAA on 
multiple shoot induction from nodal ex¬ 
plants of P. graveolens. Data represent 
mean of independent values ± standard 
deviation taken 30 days after inoculation. 


Growth regulators 
(mg/l) 

Number of 
shoots/explant 

BAP 

lAA 

0.0 

0.0 

_ 

0.5 

0.0 

— 

1.0 

0,0 

— 

2.0 

0.0 

— 

0.0 

0.5 

— 

0.5 

0.5 

25.8 ±0.84 

1.0 

0.5 

.38.5±1.12 

2.0 

0.5 

33.610.89 

0.0 

1.0 

— 

0.5 

1.0 

— 

1.0 

1.0 

56.011.22 

2.0 

1.0 

29.210.84 

0.0 

2.0 

— 

0.5 

2.0 

— 

1.0 

2.0 

— 

2.0 

2.0 

28.811.30 


Large clumps of multiple shoots were separated and 
subcultured as small clusters for further proliferation in 
nutrient media supplemented with different concentra¬ 
tions and combinations of cytokinins (BAP, KIN), auxins 
(lAA, NAA) and GA. Maximum proliferation rate was 
obtained in MSI with 0.5 mg/1 GA. Addition of GA 
along with MSI was found to help in elongation as 
well as proliferation (Figure 1 c). To obtain large number 
of regenerants in regal Pelargonium, Cassells and 
Carneyfound that exposure to a pulse of auxin was 
critical. Subsequent transfer to cytokinin-containing 
auxin-free medium resulted in adventitious regeneration. 
However, some other authors^" have used a conventional 
auxin-cytokinin factorial approach. In vitro leaf lamina 
and petioles were inoculated in different combinations 
of BAP and lAA. Adventitious shoots were obtained 
from the cut ends of both petioles and leaf lamina 
(Figure 2 a), whereas no response was seen in the 
field-grown explants. The number of shoots initiated 
from lamina and petioles were less compared to nodal 
explants. 

The shoots developed in vitro (3-5 cm in length) were 
transferred for rooting to MS media containing half¬ 
strength major salts supplemented with IBA or NAA 
or lAA (0.5 mg/1). MS3 media showed the maximum 
rooting (100%) within 10-12 days after the transfer. 
The roots developed directly from the shoots without 
callus formation (Figure 1 d). Rooted plantlets were 
transferred to half MS-strength mineral solution (Figure 
1 e) for about a week, and then planted in autoclaved 
‘Soilrite’ and kept in a growth chamber maintained at 
80% RH and 25°C. After 25 days, the hardened plants 
were gradually transferred to pots (Figure 2 b). Rooting 
of the individual shoots in vitro is one of the important 
steps in micropropagatio^/^ Hamdorf^^ reported that 
micropropagation stock may yield 40% more cuttings 
than conventional stock. 

The addition of vitamins (folic acid, biotin and panto¬ 
thenic acid) or complex organic substances like casein 
hydrolysate, yeast extract, malt extract and coconut water 
did not enhance shoot multiplication any further. How¬ 
ever, increased myoinositol (1.0 g/1) was found to en¬ 
hance the proliferation along with KIN and lAA (1.0 
mg/1 each). In less than six months, complete plantlets 
could be obtained. Rate of shoot multiplication was 
improved further by careful selection. 

In ornamental geraniums, induction of adventitious 
shoots from hybrid seeds and direct somatic embryo- 
genesis from hypocotyl explants has been reported^’ 
Ornamental geraniums have attracted the attention of 
tissue culturists from quite some time. Growth and 
regeneration potential of meristem and shoot tips in 
vitro has been demonstrated in many species. Organo¬ 
genesis was the only route available until recently for 
in vitro regeneration of geranium plants^. Recently, 


764 


CURRENT SCIENCE, VOL. 68, NO. 7,10 APRIL 1995 



RESEARCH COMMUNICATIONS 



t’igure 2. a. Adventitious shoots developed from the cut ends of 
lamina; b, Plantlets transferred to soil after hardening. 


somatic embryogenesis has been reported from some 
ornamental species by Qureshi and Saxena^^. However, 
organogenesis has not been completely satisfactory, as 
calli lose the regeneration capacity early. 

On the other hand, in scented geranium the study of 
biotechnological approaches is limited to the estab¬ 
lishment of callus cultures and investigations on accu¬ 
mulation of essential oil. Although this is of academic 
interest, it is not yet practical for the large-scale extraction 
of oil. Charlwood and Charlwood^® showed that monoter- 
penes are not accumulated in recognizable concentrations 
in unorganized callus. Differentiated callus did show 
some increase in the accumulation of the oil. However, 
organogenesis was not as easy as expected and the 
desired increase in the essential oil content was not 
achieved. .Commercialization of in vitro techniques is 


yet to be realized in oil-yielding species. Our results 
by enhanced axillary shoot multiplication show enormous 
potential for mass multiplication, with a high rate of 
up to 50-60 shoots per subculture. Rooting is uniform 
and establishment in pots is as high as 95%. Field trials 
are being conducted to compare the biomass and oil 
yield of these in vitro multiplied plants with that of 
the mother plant. Plant regeneration from tissue culture 
system is a critical step in the crop improvement 
programme. It has been emphasized that induction of 
direct multiple shoots is a superior method for getting 
true-to-type plants compared to regeneration from callus 
cultures, where chances of variation are high. Mass 
multiplication of a high oil-yielding genotype by en¬ 
hanced axillary bud proliferation as reported here seems 
to be an ideal method for increasing the oil yield per 
unit land area. 
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River water contaminated with 
paper mill effluent induces 
micronuclei in peripheral 
erythrocytes of fish 

A. P. Tripathy and R. K. Das 

School of Life Sciences, Sambalpur University, Jyotivihar 768 019, 
India 

Potential genotoxic effect of two water-bodies—the 
Ib and the Mahanadi rivers—contaminated with paper 
mill effluent was evaluated by using the micronucleus 
assay in fish exposed in situ. For both the water- 
bodies the Incidence of micronucleated erythrocytes 
in downstream fish was nearly three times the value 
obtained in upstream fish, and the differences were 
significant The possible significance of the finding 
has been discussed. 

Plants, animals as well as humans are directly or 
indirectly being exposed to a wide variety of industrial 
pollutants. The liquid wastes or the effluents discharged 
by industries constitute a major source of environmental 
pollution, which is an important causal factor for health 
hazards. Genetic damage is considered to be the primary 
event for development of cancer and several other health 
disorders, and 80% of the cancer cases are attributed 
to environmental pollution^ It is, therefore, highly impor¬ 
tant to evaluate the genotoxic potential of environmental 
pollutants. 

Pulp and bleaching effluent has been reported to be 
mutagenic in Ames Salmonella assay^. Out of the 62 
chemical constituents of pulp and paper mill effluent 
tested in yeast and Salmonella/microsQmQ assays, 34 
have been found to be mutagenic in one organism or 
the other^ That paper mill effluent is genotoxic and 
cytotoxic has also been demonstrated in higher organisms 
like fish and onion exposed to it in laboratory condition 
(ex From the point of view of human exposure 

and risk assessment the results obtained from organisms 
exposed in natural conditions (in situ) are more relevant. 
In view of this, the present study was undertaken to 
evaluate the cytogenetic effect in fish collected from 
river water contaminated with paper mill effluent using 
the micronucleus test. 

The work was based on the effluents of two paper 
mills: Orient Paper Mill (0PM), Brajraj Nagar, Sam¬ 
balpur and Choudwar Paper Mill (CPM), Choudwar, 
Cuttack. 0PM discharges its effluent in the Ib river, 
and CPM drains it in the river Mahanadi. Among the 
fishes available near the point of discharge. Chela atapar 
(locally known as Jallaha) and Mystus vittatus (locally 
known as Tengni) are common in the Mahanadi and 
the Ib, respectively. These fishes were, therefore, chosen 
for testing the respective water-bodies. For each of the 


water-bodies (the Ib and the Mahanadi) fishes were 
collected from areas 2 km downstream and 2 km upstream 
from the point of discharge. The downstream fishes 
were exposed to the contaminated water, while the 
upstream fishes were unexposed and served the purpose 
of control. From each point four fish were collected. 

A drop of blood was collected from each fish by 
cutting its caudal region and smears were prepared on 
two grease-free slides'^. The smears were then fixed in 
absolute methanol for 10 min and air-dried. The next 
day, the slides were stained in Giemsa diluted (1 : 10) 
with buffered water (pH 6.8) for 18 min, rinsed in 
distilled water and allowed to dry in air. From each 
individual, 5000 erythrocytes (2500 from each slide) 
were examined under the oil-immersion objective of a 
Leitz research microscope. Only the non-refractile small 
cytoplasmic structures which were just like the nucleus 
in all respects except the size were considered as 
micronuclei (MN). Coded and randomized slides were 
scored by a single observer. 

The erythrocytes of both the species, like those of 
other fishes, are fairly large, having a nucleus to cyto¬ 
plasmic ratio, as calculated by us, of 1:3.5, which 
facilitated easy scoring of the MN in the cytoplasm. 
The size and location of the MN within the cytoplasm 
varied from cell to cell (Figures 1 a-c). The shape of 
the MN was round in most of the cases. Only in two 
cases, one in each species, an affected cell was found 
to contain two MN (Figure 1 d). Besides the induction 
of MN, nuclear anomalies like dumb-bell-shaped nucleus 
with equal or unequal components, bilobed nucleus, 
nucleus with blebbing, notch and irregular shape were 
also noted (Figures 1 e, /). 

The baseline incidence of micronucleated-RBCs (MN- 
RBCs) for two species as revealed from the upstream 
fish differed greatly (Table 1), and this difference can 
be explained on the basis of species-specificity. None 
of these two species was tested earlier. The downstream 
fish for both the water-bodies showed about three-fold 
increase in the incidence of MN-RBCs (compared to 
that in the upstream fish), and in both the cases the 
increase was significant. However, the frequencies of 
other nuclear anomalies for upstream and downstream 
fish in each species remained close to each other, and 
hence no importance was attached to them. Elevated 
incidence of MN-RBCs in fish collected from 
downstream river clearly demonstrates the genotoxic 
potential of the effluent contaminating the river water. 
The results of the present in situ study support our 
earlier findings based on laboratory (ex situ) exposure"^. 

The MN are induced by both clastogenic and spindle¬ 
poisoning agents^”^ We do not know if the MN in the 
present study have been induced due to clastogenic or 
spindle-poisoning effect, or both. However, in our earlier 
study in root tip cells, paper mill effluent has been 
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Figure 1. Peripheral RBCs of downstream fish showing nuclear 
abnormalities: RBC with one {a~c) or two (d) micionuclei, irregular nucleus 
with blebbing and bilobed nucleus with unequal components (/). 

found to cause both types of effect^ Whatever may be 
the mechanism for induction of MN, the paper mill 
effluent is certainly genotoxic in nature. 

In the present study it was not possible on our part 
to know the concentration of the effluent in the 
downstream water and the duration for which a particular 
fish was exposed to the contaminated water. Fishes were 
collected in the month of October, which was not a 
lean period. In the flowing river the effluent got diluted 
to a great extent and a fish with its swimming activity 
might have avoided an effluent-rich area. In spite of 
all this, the significantly high incidence of genetic 
damage noted in the downstream fish is of great concern. 

No chemical analysis of the effluent was done by us. 
But paper mill effluent is known to be a complex 


Table 1. Incidence of RBCs with micronuclei (MN) and other 
nuclear anomalies (ONA) in upstream and downstream fish of the 
Ib and the Mahanadi 


River and location 

RBC with MN 
(mean %c± SE) 

RBC with ONA 
(mean %o±SE) 

Ib, upstream 

1.20 ±0.20 

0.30 ±0.16 

Ib, downstream 

3.45 ± 

0.55 ±0.18 

Mahanadi, upstream 

0.40 ±0.07 

0.30 ±0.08 

Mahanadi, downstream 

1.35 ±0.30“ 

0.50 ±0.38 


For each point four fish were used and 5000 RBCs were examined 
from each fish. 

^Significantly higher than the respective upstream value (p < 0.05). 


mixture of a large number of compounds, including 
chlorinated hydrocarbons, some of which are highly 
genotoxic in nature and are supposed to be the causal 
factor for induction of MN. 

Dose-related increase in the induction of MN in 
peripheral RBCs of fish exposed to water containing 
potential clastogens has earlier been demonstrated in 
various piscine species'^’All these studies plus the 
present one clearly indicate that this is a very simple 
and sensitive short-term model and can be developed 
to monitor waterborne environmental genotoxins. In con¬ 
trast, analyses of other cytogenetic end-points like 
chromosome aberrations and sister chromatid exchanges 
at metaphase^^"^^ not only are time-consuming, but also 
require well-trained scorer and fish with suitable 
karyotype. 
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Peptides: Design, Synthesis and Biologi¬ 
cal Activity. Channa Basava and G. M. 
Anantharamaiah (eds). Birkhauser, Boston- 
Basel-Berlin. 1994. pp. 308. Price not 
available. 


Almost a century has passed since Emil 
Fischer recognized the polypeptide nature 
of proteins and, together with Theodor 
Curtius, described the first chemical syn¬ 
thesis of peptides. After a long lull in 
the early decades of this century, the 
introduction of the benzyloxycarbonyl (Z) 
protecting group by Max Bergmann and 
Leonidas Zervas in 1932 and Vincent du 
Vigneand’s triumph over oxytocin marked 
the high points of peptide research. The 
1950s saw the introduction of dicyclo- 
hexylcarbodiimide as a condensing agent 
by John Sheehan, marking the beginning 
of a heroic phase of solution phase syn¬ 
thesis, involving painful building of long 
sequences by many stages of protection, 
deprotection and coupling. Peptide 
chemistry of the 1950s and 1960s was 
characterized by immense experimental 
labour, drudgery which was unrelieved 
by the perceived intellectual challenges 
of synthesizing more irregular organic 
molecules. Unsurprisingly, peptide re¬ 
search moved further from the centre- 
stage of organic chemistry by the end of 
the 1960s, to become a quiet backwater 
at the interface of organic chemistry and 
biochemistry. 

The explosive growth of biological re¬ 
search in the last two decades, the recog¬ 
nition of the enormous diversity of the 
biological-actions of peptides, the inven¬ 
tion of the solid-phase synthesis strategy 
by Bruce Merrifield and the development 


of immensely powerful analytical and 
structural methods has led to a spectacular 
renaissance of peptide research in recent 
years. In India, there were relatively few 
practitioners of peptide synthesis 25 years 
ago, with ±e groups of M. M. Dhar and 
K. B. Mathur at the Central Drug Research 
Institute, Lucknow, and K. M. Sivanan- 
daiah at Bangalore University ploughing 
a lonely furrow. The latter group has 
contributed most significantly to develop¬ 
ing synthetic methodology and in applying 
novel methods to a range of biologically 
active sequences. Sivanandaiah’s research 
over a period of a quarter of a century 
is a shining example of how even difficult 
research can be accomplished with the 
most modest facilities. The volume under 
review is a tribute to Sivanandaiah’s 
dedication and is testimony to the high 
quality of students who passed through 
his laboratory. The editors, who were 
both students at Central College, have 
done a marvellous job in assembling an 
international cast of authors, providing a 
timely volume, covering a range of topics 
central to contemporary peptide research. 

Appropriately, the section of peptide 
synthesis and methodology opens with 
an overview by Amo Spatola on catalytic 
transfer hydrogenation, a reaction intro¬ 
duced into peptide chemistry by Sivanan- 
daiah and his collaborators in the 1970s. 
The other contributions in this section 
address the topics of synthesis of 
natriuretic peptides (Yajima), cyclic pep¬ 
tides on solid phases (Barany), enzymatic 
synthesis of growth-hormone-releasing 
factor (Felix) and glycopeptides (Kunz). 

The section on peptide design has some 
outstanding contributions: bioelastic 
materials (Urry), synthetic models for 


apolipoproteins (Segrest and Anantha¬ 
ramaiah) and de novo engineering of anti¬ 
genic peptides (Kaumaya and Stevens). 
Edwin Blalock describes the controversial 
molecular recognition theory, for design¬ 
ing complementary peptides using an¬ 
tisense sequences, in an article which 
should stimulate much future research. 
Peptide hormones and other biologically 
active sequences constitute the last two 
sections of the book. Contributions in¬ 
clude studies on oxytocin antagonists 
(Hruby), calcitonin (Channa Basava), 
Ca^'^-hormone interactions (Anantha- 
narayanan), peptide binding to lipids and 
membranes (Epand) and regulation of HIV 
gene expression by the viral proteins Tat 
and Rev, probed using synthetic peptides 
(Khan). 

Overall, there is a nice blend of topics 
in this well-produced book, which should 
please most peptide chemists and, of 
course. Prof. Sivanandaiah, for whom this 
is a festschrift. A criticism, which is 
probably applicable to many multiauthor 
volumes, is that there is con^derable 
unevenness in the contributions. The 
longer articles make their points but some 
short contributions have little scientific 
value. The index could have been better, 
but the volume is small enough (300 
pages) to allow browsing around for 
interesting titbits. For those who worry 
about the decline of research in Indian 
Universities, the present volume should pro¬ 
vide relief since its genesis is in the excellent 
work carried out at Central College. 

P. Balaram 

Molecular Biophysics Unit 
Indian Institute of Science 
Bangalore 560 012, India 
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In this issue 


Myosin light chain-2 and 
cardiac disorders 

The protein myosin is a key ele¬ 
ment in the construction of 
muscle fibres. The light-chain 
component, which is phosphory- 
lated/dephosphorylated (MLC2) 
plays an important role in the 
formation of acto-myosin com¬ 
plex and in force generation in 
the muscle. Interestingly, there is 
an increase in MLC2 levels dur¬ 
ing myocardial hypertrophy in 
rats and humans. In order to ex¬ 
plore the connections between 
pathology, physiology and bio¬ 
chemistry of cardiac anomalies 
Kannan et al (page 819) report a 
study of MLC2 levels in tissue 
samples from patients with a 
wide variety of cardiac disorders. 
They demonstrate increased ex¬ 
pressions of MLC2 genes in tis¬ 
sue samples from patients with 
cardiac defects, collected during 
surgical correction, as compared 


to ‘normal samples’ from victims 
of traffic accidents. The avail¬ 
ability of the sequence of human 
cardiac MLC2 prompted a pre¬ 
diction of the three-dimensional 
structure and an attempt to iden¬ 
tify the phosphorylation site. 
Such models must of course 
await experimental verification. 
The outcome promises to be 
interesting. 

P. B. 

Binding metals. Learning 
from microbes 

Selective complexation of metals 
has been a long-standing chal¬ 
lenge for inorganic chemists. 
While it is no secret that biologi¬ 
cal systems do this very effect¬ 
ively, an understanding of the 
coordination sites and geome¬ 
tries available in the naturally 
occurring systems is not always 


available. An alternate approach 
to the problem is typified by 
a paper in this issue by H. J. 
Macordick et al (page 834). The 
ability of mycobacterial sidero- 
phores to complex thorium has 
been examined using UV spec¬ 
trophotometry and hydrolytic 
dissociation measurements using 
^^^Th. Based on previous studies 
with Fe and molecular-site 
modelling, the authors rational¬ 
ize the lower binding constant of 
thorium. Such studies will hope¬ 
fully allow one to design sidero- 
phores for metal ions and enable 
the use of microorganisms in 
metal extraction and radwaste 
treatment. However, the obser¬ 
vation that whole-cell biomass is 
more resistant to desorption of 
thorium is a solemn reminder 
that in vivo conditions are even 
more complex and that extrapo¬ 
lations could be dangerous! 

A. G. Samuelson 
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Government of India 
(Ministry of Science and Technology) 

DEPARTMENT OF BIOTECHNOLOGY 


Department of Biotechnology (DBT) is pleased to invite applications for the project proposals in the 
followed identified programmes of Medical Biotechnology: 

(i) Phage display technology/system for protein engineering with specific emphasis on 
development of human monoclonal antibodies for diagnostic or therapeutic purposes for the rabies/viral 
hepatitis/tetanus, etc., potent pharmacologically relevant biomedical products and vaccines for 
rabies/viral hepatitis, etc. 

(ii) Molecular approaches in relation to vector borne diseases with emphasis on genetic factors in 
vector-microbes/parasites-hosts interactions, identification of infected vectors by molecular or 
immunological tools, DNA fingerprinting analysis of species and strains of vectors and microbes, 
identification of virulence gene of microbes, development of attenuated microbes by modifying target 
genes and identificatfon of drug resistance genes, etc. 

(iii) Molecular/immunological probes in the diagnosis of emerging infectious diseases like 
AlDS/plague/viral hepatitis/other infectious diseases and also for human genetic disorders. 

(iv) Generation of cytokines through recombinant DNA technology. 

(v) Development of transgenic animals for biomedical research with special emphasis on 
development of transgenic animals as bio-factories for biomedical products, experimental models for 
human genetic disorders, AIDS or over-expression of oncogenes. 

These programmes are essentially for the development of a product or process. The proposal(s) will 
undergo peer review system of the DBT. The proposals received by 30 June 1995 will be considered for 
financial assistance during the current financial year. 

Fifteen copes of proposal(s) on the prescribed format may be submitted to Dr V. K. Vinayak, Adviser, 
DBT, Block 2 (7-8th Floor), C.G.O. Complex, Lodi Road, New Delhi 110 003. 
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Yellapragada SubbaRow centenary year (1895-1995): The 
issue of multiple centenaries? 


Table 1. The first centenary year of Y. SubbaRow (1895-1995) 


Contribution 

Centenary 

Reference 

1. 

Phosphate, microestimation 

2/3rds (1925) 

2 

2. 

Phosphocreatine 

2/3rds (1928) 

5 

3. 

ATP* 

2/3rds (1929) 

6 

4. 

Folic acid 

1/2 (1945) 

8, 9 

5. 

Hetrazan 

-1/2 (1948) 

10 

6. 

Aureomycin 

-1/2 (1948) 

11 

7. 

Methotrexate as the first antimetabolite 

-1/2 (1948) 

12 

8. 

First production of vitamins by fermentation 
with dramatic reduction of costs 

-1/2 (1946) 

13 


A recent issue of Nature^ featured a 
whole series of centenaries and fractions 
and multiples thereof. By a coincidence, 
this issue reached us only a day after 
returning to Pune after a national-level 
meeting and activities in Delhi related 
to the centenary year of the well-known 
Indian biochemist Dr Yellapragada 
SubbaRow. Table 1 summarizes, for this 
centenary year of SubbaRow, his con¬ 
tributions to biochemistry and, as we 
now call it, biotechnology. The centen¬ 
ary year is an eye-opener for several of 
us of the subsequent generations 
(though we all know only too well of 
the popularity of Fiske and Sub¬ 
baRow’s^ method of estimation of inor¬ 
ganic phosphate, comparable to that of 
Lowry’s^ protein estimation), thanks to 
the efforts of Gupta and Milford"^, who 
wrote his biography to literally bring 
home the extent of his contributions. 

The biographer being even more self- 
effacing than SubbaRow himself in 
avoiding value judgements, the biogra¬ 
phy leaves open the whole issue of the 
rather complex life and character of 
SubbaRow. Having read his original 
correspondence to his family in his na¬ 
tive tongue, Telugu (assiduously col¬ 
lected by Gupta and made available at 
National Archives for the general public 
for the first time), I see the prudence in 
refraining from Judgements. 

Some were curious about the in¬ 
volvement of SubbaRow in Ayurveda, 
the Indian theory of medicine, in which 
he did help compile some texts. In all 
fairness to Indian Ayurveda as well as 
to SubbaRow, it is clear that he disen¬ 
gaged himself from that phase of his 
academic life in India even as he did 
with his own family. His subsequent 
work of substance in the USA at Har¬ 
vard and at Lederle Laboratories ran 


*Credited to Lohmann^ 

clear of these earlier involvements. It 
would be erroneous to claim that he 
tried to synthesize western with Indian 
medicine in an attempt to eulogize his 
achievements. It is necessary that we 
feel humble in these days of megabucks 
in research when faced with the contri¬ 
butions of this one man against such 
odds in an alien environment. 
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An approach to tackling fluoride problem in drinking water 


Several parts of the country, especially 
of Gujarat State, have high levels of 
fluoride (5-40 ppm as against the ac¬ 
ceptable limit of 1.5 ppm) in the avail¬ 
able drinking water. This gives rise to 
fluorosis, a disease that affects bones, 
teeth, etc. The conventional approach is 
to provide defluoridized water for do¬ 
mestic use employing chemical precipi¬ 
tation of fluoride ions. This approach 
has, however, not met with much suc¬ 
cess as defluoridization systems require 
a high level of technical backup for 
operation and maintenance. We, there¬ 
fore, need to look for long-term effec¬ 
tive solutions to ameliorate the problem. 
In this note we present a simple ap¬ 
proach employing basic hydrological 
principles that can provide fluoride-free 
drinking water in most parts of the 
country. In addition to tackling the 
fluoride problem, this approach will 
result in developing an additional water 
source, making each village unit self- 
sufficient for its most vital need of wa¬ 
ter. 

At the outset, it must be realized that 
the fluoride problem in most parts is of 
recent origin. It is essentially related to 
the declining of ground water levels due 
to over-exploitation, mainly for irriga¬ 
tion, resulting in virtual drying up of the 
shallow unconfined aquifer. This has 
led to exploitation of deeper aquifers 
containing high levels of fluoride. 
Therefore, a long-term solution to the 
fluoride problem in drinking water must 
involve a strategy that makes use of the 
rain water (which is essentially fluoride- 
free). This can be done through reviving 
of the shallow ground water sources 
through harvesting of rain water and its 
recharge into the unconfined aquifer. 

Harvesting of large amounts of rain 
water and its recharge into underground 
aquifers, however, poses some practical 
problems related largely to the hydrome¬ 
teorological conditions prevailing in our 
country. Most of the rainfall over India 
occurs in a short rainy season of about 3 
months in 4-5 concentrated spells of 


3-4 days duration each. The average 
rainfall intensity is 3-4 cm/day and on 
occasions as high as 15-20 cm/day. This 
results in large runoff volumes and low 
infiltration rates in the natural course. It 
is also important to note that potential 
evaporation in most parts of the country 
is in excess of 250 cm/year. Therefore, 
our strategy should be (i) to provide 
holding of as much water as possible 
and for as long as possible in surface 
and underground reservoirs and (ii) to 
accelerate the rate of ground water re¬ 
charge through artificial means. We, 
therefore, suggest developing exclusive 
ponds/tanks artificially (if not already 
existing in the vicinity of the village) to 
store a substantial fraction of rainfall 
runoff This should be combined with 
specially designed percolation wells to 
effect recharging of shallow unconfined 
aquifers. The surface storage enables 
holding of large part of runoff for a time 
sufficient to effect its recharge into the 
shallow unconfined aquifer through 
percolation wells. 

A percolation well is nothing new but 
the well-known soak pit with its top 
covered and the bottom opening into a 
shallow-level permeable stratum having 
little or no water. The water coming into 
the well will dissipate into the perme¬ 
able formation (aquifer) through perco- 
lation/infiltration from the large surface 
area of the aquifer that the well inter¬ 
cepts. Since the storm water is laden 
with considerable amount of suspended 
silt/sand, an appropriate silt trap is re¬ 
quired at the entrance of the percolation 
well. In the present case the tank itself 
will serve as a silt trap. As percolation 
wells intercept large surface area of the 
permeable formation, very high recharge 
rates can be achieved. This has indeed 
been demonstrated in a percolation well 
constructed in the basement of a shop¬ 
ping complex in Maninagar, Ah- 
medabad, during the monsoon of 1994. 
In this experiment the entire runoff 
during a heavy spell (13 cm in 24 h) 
from the 1800 sq yd (1504 m^) paved 


catchment area of the shopping complex 
was diverted into the percolation well of 
12 ft (3.66 m) diameter and 30 ft 
(9.14 m) depth. This dissipated into the 
surrounding permeable medium sand 
formation within about 96 h. 

Even if the shallow aquifer is dry to 
begin with, a local ground water mound 
develops as a result of the infiltration of 
water from the tank and the percolation 
well. Fluoride-free safe water can now 
be abstracted from this ground water 
mound. This can be done through a 
shallow tubewell in the vicinity of the 
percolation well (10-15 m away) tap¬ 
ping layers that are at least 10-15 m 
below the bottom of the percolation 
well. Since this water would have 
travelled about 10-15 m through the 
aquifer, it is expected to be free of any 
pathogens that may have been present in 
the source water from the tank. It is, 
therefore, essential to keep the catch¬ 
ment area of the tank as free as possible 
from such human activities as may tend 
to pollute the water in the tank. One 
should also ensure through appropriate 
measures that the recharged water re¬ 
mains available for drinking purpose 
and is not consumed for irrigation and 
other uses. 

In summary, our strategy involves: (i) 
conservation of rain water through 
short-term surface storage (3-4 
months); (ii) long-term aquifer storage; 
and (iii) purification through traversal 
within the aquifer. This can provide an 
annually renewable fluoride-free drink¬ 
ing water source in most regions of the 
country. Since drinking water needs in 
terms of volume are small but require a 
high-purity source, we believe that the 
simple strategy outlined above will 
make each village self-sufficient in this 
regard. 

S. K. Gupta 
P. Sharma 

Physical Research Laboratory 
Navrangpura, Ahmedabad 380 009, India 
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Novel ferroelectrics 

While ferromagnetic materials have a 
long history, the first ferroelectric crys- 
tal^ Rochelle salt, was identified as 
such as recently as 1922. The name 
itself is a misnomer since Rochelle salt 
(sodium potassium tartrate tetrahydrate) 
or other ferroelectrics for that matter do 
not contain iron. Many of them are wa¬ 
ter-soluble organic or inorganic com¬ 
pounds or oxides. 

It is interesting to note that the 
closely-related properties of piezoelec¬ 
tricity and pyroelectricity in tourmaline 
(calcium aluminium silicate) were, ac¬ 
cording to Cady^, 'recognized in Ceylon 
and India from time immemorial’. They 
were known as 'Ceylon magnets’ when 
they were first brought to Europe 
around 1703 by Dutch merchants. Can¬ 
ton in 1759 observed opposite polariza¬ 
tions on the freshly-exposed surface of a 
fractured tourmaline crystal and Brew¬ 
ster introduced the term 'pyroelectri¬ 
city’ in 1829. 

The analogy with ferromagnets that 
led to the term 'ferroelectricity’ is be¬ 
cause of the observed spontaneous po¬ 
larization which is reversible in nature. 
Thus, both classes are characterized by 
hysteresis loops, between dielectric 
displacement (D) and applied electric 
field (£) lor ferroelectrics and between 
magnetization (B) and applied magnetic 
field (H) for ferromagnets. The work 
done in reversing the polarization 
(magnetization) is given, in both cases, 
by the area enclosed by the hysteresis 
curve, while the field required to reduce 
the polarization to zero is called the 
coercive field. 

Another phenomenological similarity 
is that both types of materials have 
characteristic Curie temperatures 
beyond which the spontaneous align¬ 
ment of electric or magnetic dipoles 
vanishes, resulting in a paraelectric or a 
paramagnetic phase. The phase transi¬ 
tion can be termed first- or second-order 
depending upon whether a characteristic 
parameter such as polarization goes to 
zero discontinuously as in the case of 
barium titanate or continuously as for 
triglycine sulphate (TGS). In the case of 
ferroelectrics the crystal structure often 
changes at the Curie temperature, e.g. 
from tetragonal to cubic for barium ti¬ 
tanate. One indication of such a phase 
transition is that the frequency of a lat¬ 
tice vibration in the crystal becomes 
'soft’, i.e. goes to zero as is ap¬ 


proached. Although this was demon¬ 
strated for the ferroelectric strontium 
titanate in the sixties, Raman and 
Nedungadi^ had discovered this phe¬ 
nomenon while studying a phase transi¬ 
tion in quartz using the Raman effect as 
far back as 1940! 

Domain formation is again common 
to both ferroelectrics and ferromagnets. 
These are regions of unidirectional po¬ 
larization w'hich arise spontaneously 
and can be made to grow by 'poling’ in 
an external alectric field, preferably at 
elevated temperatures. Domain walls in 
ferroelectrics are however much nar¬ 
rower, a few unit cells thick, due to the 
much weaker elastic forces compared 
with magnetic exchange energies. Anti- 
ferroelectricity analogous, to antiferro¬ 
magnetism arises due to oppositely di¬ 
rected polarizations resulting in zero net 
polarization. These similarities have led 
to the coining of the term ‘ferroic’ to 
describe both classes'^ and also to in¬ 
clude a new class of ‘ferroelastic’ mate¬ 
rials. 

This is where the similarity ends be¬ 
cause the physical origins of the two 
phenomena are quite different. Ferro¬ 
magnetism is due to the coupling bet¬ 
ween the magnetic moments of unpaired 
electrons, while ferroelectricity involves 
lattice distortion due to the interaction 
between ionic charges and vibrational 
modes. In both cases the ordered state 
arises because it is energetically favour¬ 
able, i.e. the energy of the system is 
lowered. Thus, classical macroscopic 
theories deal with calculation of the free 
energies of these systems. 

Ferroelectrics are naturally expected 
to be ionic compounds in which separa¬ 
tion between the centres of positive and 
negative charges in the polarized state 
gives rise to spontaneous dipole mo¬ 
ment. They have high resistivity since 
residual electronic conductivity would 
result in internal charge neutralization. 
In fact, they do not manifest their prop¬ 
erties like a lodestone because the bulk 
polarization is neutralized by free sur¬ 
face charges. Normally, one uses small 
‘keepers’ between the magnet pole 
pieces to prevent demagnetization. 
Freshly exposed surfaces of fractured 
crystals are required to display electro¬ 
static attraction and repulsion at oppo¬ 
site faces. 


Piezoelectrics, pyroelectrics 
and ferroelectrics 

Ferroelectricity is related to piezoelec¬ 
tricity^, discovered in quartz (crystalline 
silica) by the brothers Pierre and Jacque 
Curie in 1880. From the point of view 
of crystal structure, absence of a centre 
of symmetry is obviously a prerequisite 
for both. Of the 32 crystal classes, it is 
now known that 20 show piezoelectric¬ 
ity - a change in electric polarization 
proportional to applied stress or its in¬ 
verse, a change in dimensions due to an 
applied electric field. Of these a sub¬ 
group of 10 classes are polar and show 
pyroelectricity - a change in polariza¬ 
tion due to a change in temperature. 
Typical pyroelectrics are ZnS, ZnO and 
tourmaline. Among the pyroelectrics are 
some whose polarization can be re¬ 
versed due to an applied electric field. 
These are the ferroelectrics such as ADP 
and KDP (ammonium and potassium 
dihydrogen phosphates), TGS (trigly¬ 
cine sulphate) as well as oxides such as 
barium titanate, lithium niobate and 
lithium tantalate. Thus, all ferroelectrics 
are pyroelectric and piezoelectric but 
not vice versa. 

Piezoelectrics such as quartz are ex¬ 
tensively used as transducers and highly 
stable oscillators. In fact, they are still 
the best time-keepers in electronic 
watches. More recent applications are as 
surface acoustic wave (SAW) devices, 
which can be used as filters, delay lines 
and signal correlators. Colour TV sets 
as well as cellular telephones contain 
SAW filters fabricated on lithium nio¬ 
bate. 

The high dielectric constants, up to a 
few thousand or more, of ferroelectrics 
such as barium titanate have led to ap¬ 
plications as small-area chip capacitors, 
which are, however, rather lossy com¬ 
pared to alumina and polymeric capaci¬ 
tors. Pyroelectrics such as TGS have 
started replacing conventional thermo¬ 
piles as infrared (IR) detectors due to 
their higher responsivity and speed. The 
principle is simple-a small change in 
detector temperature due to absorbed 
radiation results in change in polariza¬ 
tion, which can* be detected across an 
output resistor. These detectors can 
operate at room temperature and have 
wide spectral range from the UV to the 
IR. 
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The optical properties of ferroelec- 
trics are also unusual. The highly non¬ 
linear optical properties of transparent 
ferroelectrics such as KDP, ADP and 
the recently discovered barium beta- 
borate (BBO) result in the efficient gen¬ 
eration of second and higher harmonics 
of laser beams, permitting frequency 
conversion from the IR and red to the 
blue-green region. They can be used as 
electrooptic switches and modulators for 
modulating high-power solid-state la¬ 
sers. They can also be used for mixing 
two optical signals, generating sum and 
difference frequencies such that a weak 
signal in the far IR can be frequency- 
shifted into the visible or near IR, where 
sensitive detectors are available. 

Magnetic materials formed the basis 
of the first memory elements in comput¬ 
ers. The two directions of magnetization 
are well suited for representing the bi¬ 
nary digits 1 and^O. This is the principle 
of magnetic cores, tapes and discs. Fer¬ 
roelectric memories were expected to be 
their natural counterparts. However, in 
spite of extensive research efforts, such 
memories could not be realized because 
of slow and irreversible depolarization. 
It was found that electric fields much 
less than the coercive field applied over 
a long period of tiirie could switch the 
polarization, causing loss of informa¬ 
tion. Thus, although ferroelectrics with 
high dielectric constants can be used to 
store charge in a capacitor, as memory 
elements their performance cannot com¬ 
pare with magnetic and the now ubiqui¬ 
tous semiconductor memories. 

Semiconducting ferroelectrics 

Some ferroelectrics such as barium ti- 
tanate are strictly not insulators since its 
energy band gap is = 3 eV. The first 
semiconducting ferroelectric discovered 
in 1950 was the V-VI-VII compound 
SbSI, which has an indirect band gap of 
1.4 eV and which ^hows photoconduc¬ 
tivity. It has a Curie temperature of only 


20°C and grows as thin dendrites. An¬ 
other well-known example is GeTe, 
which belongs to the GeTe-SnTe fam¬ 
ily. However, since it has a low energy 
band gap of < 0.5 eV, the low resistivity 
makes it unsuitable for device applica¬ 
tions. 

Recently, Weil et al^ reported ferro¬ 
electric behaviour in Cdi.^Zn^Te for 
X = 0.04-0.45 - a member of the CdTe- 
ZnTe system - both the end members of 
which are not ferroelectric. However, 
the dielectric constants were relatively 
small, varying from 10.8 to 11.4 be¬ 
tween 20 and 180°C-in the (1 1 0) di¬ 
rection and reaching a maximum of 50 
in the (1 1 1) direction for x = 0.1. The 
hysteresis loops were also not very rec¬ 
tangular in nature. 

While examining the properties of 
anisotropic layer-type III-VI chalco- 
genides InTe and GaTe, Bose and Pal^ 
attempted to dope p-GaTe using Ge. It 
was found that the resistivity in the 
Gai_;cGexTe system increased rapidly, 
showing a maximum of lO^Glcm at 
X = 0.1. The relative dielectric constants 
in two orthogonal directions also in¬ 
creased monotonically, reaching 255 
and 360, respectively, perpendicular and 
parallel to the layer planes at 300 K. A 
maximum value of 2510 was reached for 
X = 0.49 at the Curie point of 428°C. 
The Curie-Weiss law was obeyed and 
the phase transition shown to be of sec¬ 
ond order. 

GaTe is a semiconductor with a direct 
band gap of 1.66 eV and shows photo¬ 
conductivity. It has a monoclinic struc¬ 
ture but does not show ferroelectric 
behaviour. Due to difficulties in crystal 
growth it has been little studied, unlike 
GaSe, which has a direct band gap of 
2 eV, has shown laser action and is also 
a well-known nonlinear dielectric used 
for second harmonic generation. In the 
mixed phase GaTe-GeTe system, in¬ 
crease in Ge resulted in the band gap 
decreasing uniformly to 0.62 eV for 


X = 0.49. The ferroelectric nature of the 
material was confirmed from x = 0.20 to 
X = 0.49 through well-defined square 
hysteresis loops. At 300 K, for x = 0.35 
the saturation polarization was found to 
be 5.75 pC/cm^, twice that of TGS. This 
is equivalent to 3.6 x 10^ electrons, in a 
1 pm^ area of a memory device, which 
can be read with high signal-to-hoise 
ratio. The coercive field of 85 kV/cm is 
equivalent to 8.5 V across a 1 pm film, 
which is adequate for device applica¬ 
tions. One advantage of this new mate¬ 
rial is the much higher Curie 
temperature = 450°C for x = 0.35 
compared to = 49°C for TGS and 
135°C for barium titanate, which may 
result in slower depolarization if the 
resistivity can be raised further by com¬ 
pensatory doping. The composition also 
lends itself to deposition in thin-film 
form by techniques such as molecular 
beam epitaxy (MBE) on GaAs to form 
small-area chip capacitors or memory 
elements. 

The nonlinear optical properties of 
GaTe and its alloys are yet to be evalu¬ 
ated but are expected to be superior to 
those of GaSe in the infrared because of 
the higher polarizability of Te compared 
to Se. Thus, it appears that these ferroe¬ 
lectric materials may show the way to 
interesting new applications. 
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Kauzman(n)ia 

Binny J. Cherayil 

If old chemists never die, as the saying 
goes, but merely equilibrate, it should 
come as no surprise that an old chemical 
conundrum known as Kauznaann’s para¬ 
dox is now witnessing something of a 
renaissance after a long period of inter¬ 
ment^’^. Two IISc scientists, Kishore 
and Shobha^, are among a small band of 
researchers who have recently contri¬ 
buted to a revival of interest in Kauz- 
mann and his eponymous paradox. The 
paradox refers to the behaviour of the 
entropy 5 of a supercooled liquid in the 
temperature regime below the glass 
transition temperature when S is 
extrapolated far enough through Tg, a 
temperature is reached at which S 
equals and ultimately falls below the 
entropy of the crystalline phase that is 
more stable at that temperature. As this 
would constitute an apparent failure of 
equilibrium thermodynamics, it is gen¬ 
erally held that the glass transition al¬ 
ways intervenes to forestall any such 
occurrence. The temperature T^i thus 
represents the limit of absolute stability 
of the liquid. 

By the same token, a similar limit 
might also be expected to exist for a 
superheated solid. This expectation 
seems to be borne out by the work of 
Fecht and Johnson"^, who have identified 
a second Kauzmann temperature, ^^ 2 ^ 
the temperature at which the extrapo¬ 
lated entropy of a superheated solid 
becomes identical to that of the liquid. 

The logical corollary has now been 
stated by Kishore and Shobha^: the tem¬ 
perature at which the extrapolated en¬ 
tropy of the superheated liquid 
coincides with the entropy of the vapour 
corresponds to a third (and presumably 
final) Kauzmann temperature, 
Kishore and Shobha, using standard 
thermodynamics, together with consid¬ 
erable physical intuition, have deter¬ 
mined 7^3 for a series of simple 
substances; their results show a number 
of intriguing regularities. 

For instance, in many of the materials 
they have studied (including water and 
the alkali metals), T \^2 is not very diffe¬ 


rent from Tc, the critical temperature of 
that substance. Kishore and Shobha see 
this as evidence that the Kauzmann 
temperature is, in fact, nothing but the 
critical temperature. This could prove to 
be a very interesting connection, but its 
validity will certainly need to be tested 
further against data from other sources. 
The more so because of the many un¬ 
controlled approximations that are made 
in the calculation of Tu3, which is based 
on the following equation: 

AS" = f CpdlnT. (1) 

Here, AS"' is the entropy of vapouriza¬ 
tion, Cp is the constant-pressure heat 
capacity and Tb is the boiling point of 
the liquid. The heat capacity, in turn, is 
given by the expression 

+ ( 2 ) 

where ai, a 2 and <23 are temperature- 
independent constants. Among other 
approximations, Cp is determined from 
data that correspond to a pressure of 
1 atm. At a critical point, the pressure 
obviously need not assume this conven¬ 
ient value, so it remains to be confirmed 
that the parameters a\, ai and in eq. 
( 2 ) are not strongly pressure-dependent. 
The equivalence of to if true, 
would nicely complement the suspected 
equivalence between the ideal glass 
transition temperature and Tki. 

Another interesting result originates 
in a connection between the melting 
temperatures of these and a few other 
substances and the Kauzmann tempera¬ 
tures fki and Tv2, which Kishore and 
Shobha are also able to calculate by 
their method. They find that is ap¬ 
proximately twice Tki and approxi¬ 
mately half Tk 2 , suggesting that 

( 3 ) 

But errors of as^ much as 45% can be 
produced while using this result to pre¬ 
dict (as happens in the case of alu¬ 


minium). However, if these errors are 
corrected by the simple expedient of 
introducing into eq. (3) a ‘fudge factor’ 
(different for each substance), so that 
is now given by 



then it turns out, quite remarkably, that 
the correction term behaves exactly 
like the exponent that describes 
stretched exponential dynamics in 
glassy materials and that characterizes 
their strength or fragility. 

A measure of the propensity to form a 
glass also appears to reside in a quantity 
that Kishore and Shobha derive from 
their equations, which they refer to as 
the characteristic entropy constant. This 
quantity - apparently a constant for a 
given class of substances, such as the 
alkali metals - is directly proportional 
to the difference between and Tki. It 
is either the same as or is related to an¬ 
other measure of vitreous character pro¬ 
posed by Angell^ that had, till now, 
little theoretical justification. 

These examples of the many and var¬ 
ied ways in which the Kauzmann tem¬ 
peratures intrude into the physics and 
chemistry of bulk matter strongly sug¬ 
gest a fundamental structural role for 
them on par with other better-known 
characteristics of material behaviour. 
Their continued study - experimentally 
and theoretically - is sure to prove 
rewarding. 
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Replacement of nickel in electroplating processes and surface 
strengthening of aluminium by laser treatment 


Nickel is a predominantly used metal in 
electroplating applications. It has an 
exceptionally good corrosion resistance 
besides possessing a pleasing appear¬ 
ance when plated with suitable bright- 
ners. Nickel plate with or without an 
underlying coating of copper is one of 
the oldest protective-decorative elec- 
trodeposited metallic coatings for steel. 
Usually, this is followed by a chromium 
top coat which is remarkably good in 
protecting against corrosion of an as¬ 
sortment of materials' ranging from 
automobile parts to household appli¬ 
ances. It is, therefore, as an intermediate 
coating that nickel finds very wide ap¬ 
plication. Since nickel can be easily 
applied and is relatively inexpensive 
besides being amenable to mechanical 
polishing and brightening, it has gained 
wide acceptance. What, however, tends 
to be overlooked is the fact that nickel 
compounds used in the electroplating 
industry are carcinogenic and nickel 
causes skin allergy. Nickel is used in 
various articles such as cutlery, watch 
straps, eye glasses, coins, costume 
jewellery, etc. The usage of these mate¬ 
rials in everyday life has increased the 
risk of nickel cancer. This has resulted 
in the electroplating industry looking 
for an alternative metal or alloy for the 
intermediate-layer coating. However, in 
purely functional applications such as in 
anti-corrosion undercoat, nickel is still 
the best bet and may not find an’effect¬ 
ive replacement in the near future. An¬ 
other important application is in gold 
plating, where nickel is used as a barrier 
coating to prevent the diffusion of cop¬ 
per and copper-based alloy materials 
needing gold plating. Nickel is also 
used as an alloying element in gold to 
improve the abrasion resistance. It is 
indeed difficult to find a suitable alter¬ 
native to this versatile coating material. 
The paper on 'Alternatives for nickel in 
electroplating processes’ by Simon* in 
the November 1994 issue of Plating and 
Surface Finishing addresses these issues 
and explores the possibility of utilizing 
several alternatives to nickel. 

One of the alternatives suggested for 
nickel is bronze. This alloy of copper 


and tin in different proportions has re¬ 
markable properties which make it an 
attractive alternative to nickel. Firstly, 
bronze has good corrosion resistance 
properties, as shown by the salt spray 
test. It has a superior hardness vis-a-vis 
nickel (400-550 VHN as compared to 
300 VHN for nickel). Besides, bronze 
does not cause skin allergy, a major 
drawback associated with nickel. It can 
be used in applications requiring better 
solderability, brightness and wear resis¬ 
tance and diamagnetic properties. It also 
has bactericidal properties, which may 
be advantageous when used in door 
handles in hospitals. 

Bronze plating can be used on build¬ 
ers' hardware, locks and hinges. Good 
corrosion resistance of white bronze 
(containing higher - about 40% tin) 
makes it extremely suitable as an anti¬ 
corrosion coating. Bronze has also a 
superior throwing power compared to 
nickel during electrodeposition. This, 
however, is not without a price. Bronze 
plating is carried out in cyanide baths and 
the problems associated with effluent 
treatment, etc., may have to be considered. 

Palladium is considered as a potential 
alternative to nickel in costume jewel¬ 
lery for its bright and brilliant appear¬ 
ance, In fact, palladium is always cited 
as a replacement for costlier gold in the 
electronics industry. As a diffusion bar¬ 
rier coating for the final gold, an inter¬ 
mediate layer thickness of 0.3-0.7 pm 
of palladium is found to be sufficient. 
Palladium-chloride-based solution with 
suitable additives is recommended for 
electroplating. 

To sum up, bronze and palladium are 
effective alternatives for nickel. From 
the point of view- of cost, however, the 
less expensive bronze scores over. As 
an underlayer for gold, palladium is 
superior. 

Nickel-containing gold alloys usually 
contain 0.5-4% nickel. For decorative 
applicatipns, nickel as an alloying ele¬ 
ment must be avoided. Nickel-free gold 
alloying processes are available such as 
gold with various metals such as in¬ 
dium, tin, silver, copper, cobalt and 
palladium. The colours depend on the 


alloying elements and their composi¬ 
tion. Gold with iron as an alloying ele¬ 
ment has been suggested in this work. 
Deposits of gold containing 1.4 and 
1.7% iron have a good tarnish resistance 
and hardness. Deposits containing 
1.4-1.7% iron are obtained by elec¬ 
trodeposition. Magnetic susceptibility 
measurements and X-ray emission 
spectroscopy showed homogeneous 
distribution of iron within the lattice. 
Corrosion test results showed that gold- 
iron alloy deposition is as good as gold- 
nickel-indium alloy deposition. The 
deposit has a similar wear characteristic 
as that of gold-nickel-indium. The 
gold-iron alloy deposit can also replace 
nickel-containing gilding solutions 
without compromising on the colour 
quality. Iron is also physiologically 
nonallergenic, unlike nickel. 

Another interesting paper” is on laser 
surface treatment of aluminium 6061 
alloy with injection of SiC particles. 
The method is based on the surface 
strengthening of these alloys by melting 
using a high-powered laser. In this 
technique, carbide particles such as SiC, 
TiC, WC are used in combination with 
binding materials like Co, Al, Ni. In the 
injection technique the powdery mate¬ 
rial is carried through a nozzle with an 
inert carrier gas to a surface irradiated 
with a laser beam, which induces rapid 
cooling of the melted areas and conse¬ 
quent solidification. This forms a sur¬ 
face composite material comprising 
undissolved carbide dispersed in an 
alloy of aluminium and the dissolved 
carbide. After the laser surface 1^'eat- 
ment, the alloy is subjected to the usual 
hardening heat treatment. In this par¬ 
ticular study carried out by the authors, 
the laser used w'as 3.4 kW continuous 
carbon dioxide laser. The injection ma¬ 
terial was SiC powder of average grain 
size 45 pm. This resulted in a laser- 
treated zone of about 400 pm, with the 
upper part strongly alloyed with SiC 
particles while in the lower portion the 
SiC showed only mechanical adhesion 
without dissolution. The upper part 
showed a fine microstructure with var¬ 
ied morphology. There is about tenfold 
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increase in surface microhardness and 
wear resistance after laser surface treat¬ 
ment. The technique is relatively recent 
and promises to possess a large number 
of applications. 


1. Franz Simon, Plating and Surface Fin¬ 
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lakis, Y. and Ponthiaux, P., Plating and 
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OPINION 

Dynamics of the psychology of the Ph D students and the 
question of what to do with them 


K Sitaramam 

We have a reasonably sized work-force 
of research scholars in the country, who 
spend anywhere from 4-8 years in 
search of a doctorate. Nearly all the 
research in the country, good, bad or 
indifferent, is carried out by them. 
Many go abroad while some remain 
behind or even return. These are the 
main takers of whatever jobs that are 
available. Since the time span they 
spend on an average is nearly the same 
or more than a professional student 
does, the suggestion is that we impart 
some breadth into their programmes. 
This requires a critical view of what is 


currently going wrong. Useful statistics 
are hard to come by, though much is 
known by experience. This note is a 
plea that we should understand this 
species, the doctoral student and his/her 
dynamics (more of the lack of it). Since 
the overall scenario of science in the 
country is far less than satisfactory, if 
not dismal, we need to do something 
about this critical group of captive stu- 
ents, in our own interest of jobs that 
need to be managed. Can we actually 
use it in a more efficient manner? We 
have to shift our focus in planning to 
our average performer rather than to 


the desirable performer, if our plans 
and the reality have anything to do with 
each other. 

What to do with higher education and 
research in India is a point of consider¬ 
able discussion these days. Is it possible 
to reduce the problems of higher educa¬ 
tion to a simpler theme and keep ham¬ 
mering at it in the hope that something 
useful happens? The Ph D student is the 
pivot, the focal point, the basic work¬ 
horse, the cannon fodder..., or what¬ 
ever, of the research life in India as 
elsewhere. The entire higher learning 
has this milestone, the doctoral degree, 



Figure 1. Flowchart of students. 
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as the determinant. The PhD student 
and his/her psychology seem to matter 
in all matters of higher learning and 
hence the choice of the topic. 

Who are the scholars? 

If we look at the very beginning as the 
stage gets set, we need to begin with the 
schools. In the child we have the di¬ 
chotomy, the fantasy (the mind-sets 
invoke play and non-utility) and the fact 
(the mind-sets invoke rote, discipline). 
Schools opt for the latter. When schools 
do not teach even this, or when what is 
taught is inadequate for the purpose, 
coaching classes mushroom, as indeed 
they have. These classes cater to a need 
that is felt and that is real. There is no 
point in arguing the merits and demerits 
of these coaching classes. They serve 
the purpose of imposing learning that is 
not inborn. This learning need not be 
creative. It cannot be. It need not be 
global. It is only for a specific purpose 
of a test. It is often argued that school 
examinations are oriented to cramming 
by students. No one has prevented the 
students from wanting to learn and to 
understand. It is the wisdom of the task- 
oriented teachers and parents that care¬ 
fully and systematically eliminates 
comprehension from the ambit of the 
children. Children do not find ques¬ 
tions. They do not even find answers to 
their questions. They are carefully given 
as pre-digested bite-size answers which 
are crisp, clear, unambiguous and would 
atrophy any thinking^ We call that sys¬ 
tematic education. Haldane, I believe, 
remarked a few decades ago that if you 
take a bright student and teach him 
three years of systematic botany (sic), 
you would have killed any chance of 
that student ever thinking again. We can 
replace that subject with many others- 
in fact, any subject given the right level 
of mediocrity. 

It is exactly the same wisdom among 
the guides that robs the Ph D students of 
introspection to have doubts about the 
creativity or purpose of what they do. 
What we have created in the university 
system is an uncontrolled, rudderless 
machinery for PhD production in the 
same manner as we have coaching 
classes for kids. The question is not 
how to get the best approach to train 
high-level scientists. The question is 
what else we can provide such that these 
students in the collective, professional 
sense reach the job market more effi¬ 


ciently. In that case, it becomes sensible 
to try the time-honoured mass methods. 
Why not more coaching? 

This is a drastic view. Let us examine 
it again. Market forces have always 
determined the work-force. A career in 
science is not the main attraction for the 
bright student. The choice is primarily 
by default. Even the definition of a 
bright student should be carefully con¬ 
sidered. Educational psychologists are 
very discriminating about it. Are we? 
By and large, the experience is that the 
marks at the 10 + 2 level decide the 
'academic’ fate of an individual (Figure 
1). Educationists know that our school 
system, though better standardized per¬ 
haps than ever before, is not particularly 
geared to inculcate original or creative 
thinking. But then, why do these marks 
matter so much? One suspects that this 
has to do more with the social forces 
that make the students performers rather 
than the scholastic achievers per se. The 
school system successfully selects cer¬ 
tain mind-sets that have the stereotype. 
Those who have not made it to the top 
at the 10 + 2 level (which is a kind of 
‘IQ plus grind as grind can be’ test) 
possibly reflect a social conundrum 
wherein the competitive edge is taken 
away due to a series of social and non- 
academic circumstances^ It is important 
to understand that they exist since that 
is the cross-section from which we draw 
upon our major Ph D work-force. 

There is considerable lamenting that 
the bright professional students do not 
opt for research. Professional education, 
by its very essence, is purposeful with 
end-points clearly in sight. This very 
mind-set, carefully inculcated in the 
best of the institutes as required for 
professional training, cannot be blamed 
for being successful! 

It does not mean that we should lower 
the level of our thinking or encourage 
lesser perforrhance or even justify the 
existing cult of mediocrity. We simply 
should strive for additional provisions. 
Incremental improvement - is it not the 
in word? 

Who goes for research? 

The basic message in Figure 1 is simple. 
Those who perform very well at school 
level (i.e. 90% and above marks) rarely, 
if ever, allow themselves to get caught 
in the net of science. Therefore, we are 
doing with less than the best (is that 
true?) available for science. This lack of 


performance is not only at the student 
level. The national policy is that in the 
CSIR-UGC NET, the lowest level is a 
lecturer, i.e. one who is not qualified for 
either CSIR or UGC. Once a lecturer, 
some day a professor^ How the recently 
introduced SET changes the picture is 
anybody’s guess. What is of concern is 
not the lack of performance, nor the 
poverty in quality students. What is 
important is to examine certain mind¬ 
sets in our non-professional attitudes 
that carefully forge these shackles on 
the minds of the students. 

There is no explicit reason why one 
has to do an M Sc before doing Ph D. In 
fact, the experience has been that the 
sooner the student is thrown into the 
waters, the better would he swim. It is 
the low level of Indian B Sc that argues 
for an M Sc before Ph D. Similarly, it is 
the low quality of the M Sc that requires 
that there be an M Phil. Then more 
course work during Ph D! 

The focus here is, as it should be, on 
the failing student. The students will 
fail because any assessment of perform¬ 
ance is normative and some cut-off has 
to be introduced'^. Therefore, failures 
per se are not a problem since these are 
normal to any system of assessment. At 
the Ph D level, lack of failures is the 
problem. We have the Parkinson’s fifth 
(?) law operative: for every thesis, there 
exists an examiner of required level of 
empathy. 

Dynamics of psychology of 
the research student 

The reason for wanting to understand 
the dynamics is that different attributes 
like confidence, performance, capacity, 
etc., do not go together. Let there be a 
student S in a lab LAB, guided by FM, a 
faculty member. FM is moderately 
funded, quite good, and publishes in 
journals with a reasonable impact. Flis 
research problems are fairly set and are 
of assured Ph D quality. He may be de¬ 
manding or not demanding. We may 
straightaway dismiss the three-way 
chart, a static view, consisting of three 
classes of students, guides and prob¬ 
lems: excellent, average, bad, i.e. 27 
combinations^! Neither the guide nor 
the student wishes to be classified this 
way and each finds himself/herself ex¬ 
ceptional in some way. 

Let us consider only the good cases. 
When the student joins, he does so with 
the best foot forward on the wavelength 
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Figure 2. Dynamics of the psychology of a doctoral student. 


that ‘the guide is tolerable and even a 
nice chap. The problems are sort of 
okay which can be set right once we get 
the ball rolling, or once we finish the 
survey and discussions’. There are three 
possible outcomes within the first two 
crucial years: 

01. The student lakes off readily on 
a ready problem and gets a paper or two 
in that time, the thesis end is in sight 
and the guide smiles at him every 
morning and ad nauseam. 

02. The student fares miserably and 
does not get to the heart of the problem 
and there are lots of difficulties. The 
guide definitely does not smile. 

03. Nothing really happens. There 
seem to be some results which are 
promising but really require more work. 
The student has some difficulties and 
anyway the previous student’s thesis/ 
publication must be completed before 
we can come to grips with this problem. 
The guide smiles, but vacantly or in a 
preoccupied sort of way. 

The superficial phenomena are un¬ 
derlined by a series of internal events 
depicted in Figure 2. In all probability, 
when the student has joined, his per¬ 
formance is low and his confidence is 
high. If the desired outcome is a self- 
assured student with a realistic view' of 
oneself, then 01 and 02 are both unde¬ 
sirable. 01 robs him of the competitive 
edge to improve himself and 02 is a no- 
win game. We shall pursue 03 a little 
further. What is happening is that while 
the confidence is eroding, the perform¬ 


ance is actually improving such that a 
conceited individual (what else do you 
call a fellow whose confidence far out¬ 
strips his performance!) slows down and 
becomes introspective. He is blissfully 
ignorant that his own performance is 
actually improving since he meets fail¬ 
ures. This student now reaches stage 2 
in 2~3 years. Nothing spectacular, but 
he achieves first one or two major re¬ 
sults. Elation is not in order since others 
have done it sooner. The only silver 
lining is that it is a hard-won battle. The 
guide is not overtly enthusiastic and has 
not given up either. Now the time for 
the second wind. The confidence in¬ 
creases with each successful piece of 
work till either it meets the performance 
(self-assured individual), exceeds (a 
pain) or is a little less (nice chap really). 
The time has come to submit the thesis. 
At this point, as they say, the lab and 
the guide are cold coffee or yesterday’s 
newspaper. Move yes, but move with 
what attitudes, skills and capacities? 

What constitutes Ph D training 

Specific views are stated with regard to 
research training. We need to examine 
each of the scenarios to see how well 
they fit in. 

1. Top of the ladder scenario. Here we 
visualize the very best of the students 
exposed to the very best of the institutes 
of faculty to work on the very best of 
the problems: of course, to get the very- 
best. c.g. the Nobel prizes. Facts are not 


encouraging. One offshoot of this argu¬ 
ment for search for excellence is that we 
have a plethora of programmes that 
cater to the so-called very top few. Top 
guns can be only a few. We have sci¬ 
entific exchange programmes, interuni¬ 
versity liaisons, international science 
fares of various kinds, even science 
cities and NRI universities contem¬ 
plated. 

2. Ill-fated match scenario. When it is 
clear that the highest-ranking students 
opt for careers based on market forces, 
this second scenario is proven to be 
more common than one publicly admits. 
One gets a real feel for this by attending 
the national committees for research 
fellows and associates and interviews 
and project review committees. Ill- 
supervised efforts bring forth large 
numbers of less than ill-qualified young 
researchers. These create their own 
market and to suit their needs pay-and- 
publish journals have mushroomed. The 
entire system hangs on the human sus¬ 
ceptibility of avoiding unpleasant deci¬ 
sions. 

3. The bulldog scenario is the highly 
unromantic approach with marked te¬ 
nacity. Performance is often limited by 
lack of tenacity and clarity of purpose 
than brilliance. In this grey land, yard¬ 
sticks of performance are harder to de¬ 
fine. This requires only will. 

Delusions vis-a-vis visions 

All these scenarios essentially point out 
that we have every reason to believe 
that we have a system without intro¬ 
spection that continuously dilutes focus 
and performance. Part of the problem 
is in the structure of science itself, 
since dreams are the stuff that the best 
science is made of. Science as a way 
of life does not distinguish readily de¬ 
lusions from visions. Any person 
can rightly maintain that he or she 
has not the right problem/environment/ 
guidance/inspiration or whatever and if 
only the situation were different, Nobel 
prizes would have been there simply for 
the asking. 

In order to think of the job¬ 
worthiness of our Ph D students, the top 
of the ladder scenario must go. The 
cutting edge approach to science in this 
country has been less than successful. It 
only created alienation in a country that 
is yet to find its collective scientific 
roots. Removed of all embellishments 
and romantic notions, science is as 
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Table 1. A list of decidedly not advanced but merely useful workshops of use to doc¬ 
toral students 


Future prospects 

Possible courses to go through during Ph D 

Teaching-cum-research posts^ 

1. Workshops on grant writing 

2. Workshops on teaching methods 

3. Workshops on manual writing 

4. Workshops on grading students 

5. Workshops on computer programming/ 
statistics/quality control 

Teaching posts 

1. Workshops on teaching methods 

2. Workshops on manual writing 

3. Workshops on grading students 

4. Workshops on encapsulated B Ed and 

M Ed type of courses 

Industrial Jobs 

1. Workshops on sales and marketing 

2. Workshops on quality control 

3. Workshops on management skills 

4. Workshops on data management 


humdrum an activity as any other, no 
more or no less inspiring, much having 
to do with daily chores, barring an oc¬ 
casional grace bestowed upon as an 
inspired idea that actually works! 

What is the purpose of Ph D 
training? 

We nex-t ask the question, what are the 
PhDs for? Top dogs cannot be bred or 
taught. They simply emerge. Obviously, 
not all students will become great re¬ 
searchers. The most rock-bottom re¬ 
quirement is that they should be fit for 
some job, in the same sense as an IIT 
graduate is found fit for most jobs, in¬ 
cluding industrial management, banking 
and even IAS. The problem is that the 
Ph Ds have a smaller market, being 
older and more specialized subjectwise. 
The Ph Ds simply should decrease the 
odds of finding a suitable person for 
occupations such as research and teach¬ 
ing as a class compared to selection 
from the lay public. If the Ph D does the 
job better with verve and imagination, 
that is a bonus. 

A recent write-up in Nature talked 
about the unusual job markets for bio¬ 
logists in the Wall Street. A good num¬ 
ber of biologists, particularly in bio¬ 
physics and so on, use techniques in 
data analysis, time series, chaotic cycles 
and so on, to see and benefit by discern¬ 
ing some method in the madness of 
stocks and shares^. So why not see what 
jobs would be available for Ph Ds and 
ensure some programmes that make 
them fit into these better? Let me list a 
few possibilities and some remedial 


courses and programmes that would 
make them better than the ordinary 
(Table 1). These can be offered as 
workshops or summer schools or re¬ 
fresher courses (in lieu of refresher 
courses for the faculty in colleges 
through academic staff colleges) and a 
couple of summers spent by each 
scholar will at least ensure some mar¬ 
ginal improvement in future. 

Finally, where does all this take us? 
Evaluation of the psychology of indi¬ 
viduals tells us but one simple lesson. 
Career options are not often by active 
choice. Regardless of our training and 
jobs, we attempt to do what we wanted 
in the first place, or at least not do what 
we got instead trained for. Much of the 
higher learning is imposed rather than 
chosen in this environment of restricted 
'opportunities. The options of students 
mostly do not coincide with the choices 
they want, including higher education 
itself Some time soon, the reality 
dawms and we settle for what we have. 
Here shopping helps. Five years of re¬ 
search and no future in sight will im¬ 
pose some thinking on the students. Can 
we help there? We must have our Ph Ds 
with more skills than w^hatever work 
they have done, if they have to have job 
potential. Job potential does not mean 
the ability to find jobs. Job potential 
means the ability to execute them, given 
the jobs. Majority of the jobs, including 
teaching, do not require the best minds 
but these require, hopefully, committed 
minds but with assured minimum ca¬ 
pabilities. There must be some profes¬ 
sional skills imparted, the younger the 
better. These students will eventually 
fill the posts available. It is better to 


take them on when they still have a 
chance to learn. If we need programmes 
to help make some kind of professionals 
(in the positive sense) of our Ph Ds, we 
need to take them as our starting point 
for innovation. 


Notes 

1. In a recent meeting on Biochemical 
Education at Gulburga, an M Sc student 
clearly outlined her view of what consti¬ 
tutes an ideal teacher. Two points 
reigned supreme. Clarity of what is 
taught and total lack of ambiguity and 
eminently good manners such that no 
feelings are, however slightly, hurt. The 
difference between a teacher and a 
nanny got very blurred. 

2. In my biotechnology class, majority 
come from nuclear families where both 
parents are likely to be earning, English 
is the common language spoken largely 
at home and the grandparents are likely 
to be living separately and the mean in¬ 
come exceeds Rs 1-1.4 lakhs per year. 
The students themselves tend to be of 
narrow interests and lend to be isolation¬ 
ists compared to professional students. 
Majority have so far opted for Ph D if 
they made it past the CSIR-UGC NET. 
Their mean 10 + 2 marks are much less 
than 90%. What is striking is that the 
students in other disciplines uniformly 
exhibit much less will to exert them¬ 
selves while the intelligence level shows 
wide variation. What is striking about 
the biotech students is that there is a 
large variation in their will to put in ef¬ 
fort though their intelligence level is 
nearly the same. 

3. Many universities in the country have 
abolished the class distinctions such that 
even a school teacher is referred to as a 
professor (there w'as a movie to that ef¬ 
fect in Hindi long ago!). 

4. The cut-off is statistical though always 
interpreted and used as a divine injunc¬ 
tion. Or else, it is difficult to understand 
the enormous drive for scoring in exams. 
Whatever be the complaints about the sys¬ 
tem, viable alternatives applicable on a 
mass scale are yet to be projected. Small- 
scale intensive alternatives w'ere always 
individual-based and suffer from the lack 
of long-term survival and generality for 
mass application in practicable terms. 

5. Definite correlations exist among the 
guides, problems, students and places to 
the extent that one may remark that 
ducks go with ducks and swans go with 
swans. In a country where there is mas¬ 
sive confusion between mass education 
and mass higher education, we have to 
contend with a number of realities which 
are too obvious to enumerate. 

6. Patent clerks who dabbled in physics, 
speaking conversely, also have been tol¬ 
erably successful. 
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7. To go abroad for postdoctoral work: 1. 
Workshops on indology, literature, arts, 
music ~ anything to learn to cherish, to 
pass the idle moments and as a salve to 


bruised egos when treated as second- 
class citizens or as mere slaves. 2. 
Workshops on martial arts to prevent 
getting mugged. 


V. Sitaramam is in the .Department of 
Biotechnology, University of Poona, 
Pune 411 007, India. 


SCIENTIFIC CORRESPONDENCE 


Antioxidants: Helpful or harmful? 


In the light of the popular hypothesis 
that consumption of dietary antioxidants 
or supplementation of antioxidants pro¬ 
tects against degenerative diseases of 
aging such as cancer, cardiovascular 
disease, immune system decline, brain 
dysfunction, cataract, etc., over the past 
few years, it has become a tenet that 
taking high doses of antioxidant vita¬ 
mins like vitamin C, E or P-carotene 
may protect against a variety of dis¬ 
eases. As a result, ‘antioxidant’ has 
become the nutrition buzzword for 1994 
(ref 1). In the light of this popular trend 
towards antioxidants, many prevention 
experts nowadays have to struggle to 
make sense of more recent startling 
findings that supplements of antioxi¬ 
dants can be harmful^. The controversy 
after the publication of these findings of 
a large-scale Finnish study on vitamin E 
and p-carotene is difficult to under¬ 
stand. Instead of protecting against can¬ 
cer, results of this study have clearly 
shown that supplements of antioxidant 
p-carotene markedly increased the inci¬ 
dence of lung cancer among heavy 
smokers in Finland. Total mortality was 
also reported to be higher among those 
who took P-carotene. Clearly, the public 
is confused about the antioxidant vita¬ 
mins and their benefits. Both advocates 
and manufacturers of vitamin supple¬ 
ments found these results inconsistent 
with their own beliefs. But the fact is 
that these results come from a large, 
randomized clinical trial - the gold 
standard test of medical intervention. 

A similar type of controversy also 
exists about the supplementation of 
vitamin C and E^’ However, so far, the 
beneficial effects of P-carotene, a pre¬ 
cursor of vitamin A, were never ques¬ 
tioned. In some circumstances, vitamin 
E supplementation, instead of protecting 
against heart attack, may promote ex¬ 
cessive bleeding and can be harmful^ 
Large doses of vitamin E enhance im¬ 
mune activity and thus may promote 


progression of immune and autoimmune 
diseases (e.g. asthma, food allergy, diabe¬ 
tes, rheumatoid arthritis, multiple sclerosis 
and lupus)"^. Large doses of vitamin C can 
promote kidney stones^ Vitamin C is es¬ 
pecially dangerous in the presence of high 
body iron, which promotes the formation 
of harmful free radicals^. 

To prove the usefulness of antioxi¬ 
dant supplements, a number of inter¬ 
vention studies have already been 
completed and several others are still 
underway. A large-scale study con¬ 
ducted in 1993 on a group of nearly 
30,000 Chinese with a high frequency 
of stomach and oesophageal cancer has 
provided strong evidence to show that 
‘antioxidant’ supplements may protect 
against cancer^. This study showed that 
nutrient deficiencies promote the devel¬ 
opment of some types of cancers, and 
correcting these deficiencies can reduce 
the frequencies of these cancers. It has 
been known for quite some time that 
nutrient deficiencies promote cancers. 
In the Chinese study, intake of ‘anti¬ 
oxidant’ vitamins A, p-carotene and E 
was below the minimal daily vitamin 
requirements to sustain normal metabo¬ 
lism. Raising the intake of these vita¬ 
mins above the minimum daily 
requirement eliminated the deficiencies 
that promoted the cancers. This study 
clearly indicates and supports the previ¬ 
ous notion that supplementation of anti¬ 
oxidants protects against cancer. 

The Finnish large-scale study goes 
against all the available evidence on the 
beneficial effects of P-carotene. In this 
study, 29,133 male smokers partici¬ 
pated. These subjects were supple¬ 
mented daily with vitamin E and 
P-carotene, both or placebo. Contrary to 
the expectation, neither of the vitamins 
prevented lung cancer. In fact, lung 
cancer rates were 18% higher with p- 
carotene than with placebo, and there 
were more deaths due to heart disease. 
All-cause mortality was 8% higher 


among those who took p-carotene than 
among those taking placebo. One of the 
aims of this trial was to test whether P- 
carotene prevents lung cancer and this 
viewpoint was based on several studies 
which did not indicate any harm. Hence, 
the findings of this trial were totally 
unexpected. 

The difference between the Finnish 
study and the large-scale Chinese study 
is that the Chinese study subjects were 
deficient in the so-called ‘antioxidant' 
vitamins, whereas the Finnish subjects 
were not deficient in any of these anti¬ 
oxidants. The other question that can be 
raised is how far one can extrapolate 
these findings from the Finnish study to 
people who are not Finnish male smok¬ 
ers as other studies show protection 
from p-carotene. The only way to find 
out whether p-carotene is beneficial or 
harmful is to wait for the results from 
other large-scale ongoing clinical trials 
on antioxidant supplementation. But 
these trials raise a difficult question 
that, in the light of Finnish results, is it 
safe to expose thousands of people to 
large doses of P-carotene? 

In order to understand the beneficial 
and harmful effects of antioxidants, it is 
necessary to have a close look at the 
differences between supplementation of 
antioxidant vitamins and the natural 
antioxidant vitamins present in fruits 
and vegetables. The term antioxidants in 
biology broadly means fighter against 
harmful free radicals. In fact, these are 
redox agents, antioxidant under some 
circumstances and pro-oxidant, produc¬ 
ing billions of harmful free radicals, 
under other circumstances. Antioxidants 
in physiologic quantities found in natu¬ 
ral foods are often fighter against 
harmful free radicals, whereas antioxi¬ 
dants in pharmacologic quantities found 
in supplements often produce billions of 
harmful free radicals. 

We need to answer the following 
questions: ‘If I eat carrots or drink 
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lemon juice for p-carotene or vitamin C, 
why not take pills of these vitamins for 
the same effect?’ ‘Is the effect same or 
different?’ The answer lies in the fact 
that antioxidant vitamins naturally pres¬ 
ent in food are a balanced mixture of 
redox with reduced and oxidized form 
along with several other compounds 
which may also be beneficial, whereas 
every supplement pill, including those 
containing vitamin C or P-carotene, is 


unbalanced in this respect. Hence, the 
naturally occurring antioxidants have 
many advantages over the synthetic ones. 
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On the occurrence of ostracod species from the 
Kallankurchchi Formation of Ariyalur Group, Tamil Nadu 


The Ariyalur Group of rocks have at¬ 
tracted a good deal of attention due to 
their unique stratigraphic position and 
this is further enhanced by the presence 
of prolific fossil assemblage of marine 
nature. A detailed assemblage of fo- 
raminifera was described from these 
rocks three decades ago by different 
.workers^""^, but ostracod fauna received 
less attention compared to foraminifera. 
However, a few papers on ostracod are 
available^“*°. The vertical as well as 
spatial distribution of ostracodes in the 
Ariyalur Group is not uniform, and like 
foraminifera they are rich locally while 
altogether absent from some beds. Over 
hundred and seventy taxa have been 
identified so far from the Ariyalur 
Group^"''. They are fairly common in 
the Sillakkudi Formation (limestone/ 
calcareous sandstone member 
26 m)^’ abundant in the Kallankur¬ 
chchi Formation (40 very poorly 

recorded in the succeeding Ottakkovil 
Formation (15 whereas the Kal- 

lamedu Formation (80 m) is devoid of 
ostracodes. 

During the course of a detailed inves¬ 
tigation of the ostracod fauna from the 
Ariyalur Group, Tiruchirapalli district, 
Tamil Nadu, two ostracod species, 
namely Kalyptovalva ovata (Bosquet) 
and Wichmannella sp. aff. W. cretacea 
Bertels, were found. The find assumes 
palaeogeographic significance as these 
species are so far known only from 
Europe and South America. The object 
of this paper is to record these species. 
It was generally agreed that the Ariyalur 
Group of rocks belong to Campanian- 
Maastrichtian age'"^’ ’I But recent 
investigations on ostracod fauna and 
calcareous nannoplanktons suggest a 
Late Campanian-Maastrichtian age^^’ 



Figure 1. Geological map of the Ariyalur area showing the locations of the samples. 
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Figure 2. Kalyptovalva ovata (Bosquet) (BUGDMl'NO. 49); fl, right valve view (slightly 
touched with ink); b, dorsal view'. Wichmannella sp. aff. W. cretacea Bertels (BUGDMFNO. 
50): c. right valve view (slightly touched .with ink); d, dorsal view. 


whereas Early-Middle Maastrichtian 
age has been fixed for the Kal- 
lankurchchi Formation^^’ 

The present species are recorded in 
two different localities of the Kal- 
lankurchchi Formation (Figure 1). In 
locality 1 (1.2 km SE of Srinivasapu- 
ram, ir09'40"N: 79°07'25"E) the rock 
is arenaceous limestone white to grey in 
colour, whereas in locality 2 (1.2 km NE 
of Khairulabad, 11°09'50"N; 79°ir30"E 
on the left bank of the river Kallar) the 
rock is reddish brown coarse-grained 
calcarenite. The species occurring in 
association with a large number of 
bryozoans, Ophioroid oscicles, smaller 
and larger foraminifera along with 
thick-shelled bivalves such as Gryphea 


sp. and Alectroynia sp. indicate that 
they were laid down in a shallow sea, 
close to the shore^^. 

The species Wichmannella sp. aff. W. 
cretacea Bertels (Figure 2 c, <i) has so 
far been reported from Fortin General 
Roca, Rio Negro Province, Argentina*^. 
It is characterized by (i) a subrectangu- 
lar carapace, (ii) obliquely rounded an¬ 
terior and posterior margins with 
compressed extremities, (iii) surface 
ornamented by a primary polygonal 
reticulation which is subcentrically dis¬ 
posed anteriorly around the subcentral 
node and has a mostly irregular pattern 
in the posterior half, and (iv) a well- 
developed eye and subcentral tubercles. 
An examination of the illustrated 


specimen {Wichmannella sp. aff. W. 
cretacea. Figure 2 c, <7; -personal com¬ 
munication letter dated 7.10.1992) by 
Bertels agrees with the generic place¬ 
ment and considers the Kallankurchchi 
form to be a new one. Due to the lack of 
internal details, the paucity of w'ell- 
preserved material precludes setting up 
of a new species and only affinity is 
possible at this level. On the other hand, 
Wichmannella cretacea does not follow 
any particular order of reticulation, as it 
is found in the illustrated specimen. The 
outline is somew'hat different, particu¬ 
larly at the posterior margin and, in 
addition, the reticulum is larger. 

Kalyptovalva ovata (Bosquet) (Figure 
2 a, b) has been originally described as 
Cytheridea ovata from the type Maas¬ 
trichtian of South Limburg, Holland'^. 
L-ater, this species was transferred to the 
genus Kalyptovalva^^. It is characterized 
by its solid, thick-walled, inequivalved, 
egg-shaped shells, left valve much 
larger than the right valve and overlap¬ 
ping around the entire periphery, and its 
smooth lateral surface. It is restricted to 
Maastrichtian age*^’“°. Therefore, the 
find of this species in association with 
Bairdia cretacea Veen, B. pseudocreta- 
cea Veen, B. limburgensis Veen, 
Cytherelloidea kallankurichiensis Jain, 
Echinocythereis apostoleuci Jain, Le- 
giiminocythereis kayei Jain, Kiklio- 
cythere szczechurae Jain, Xestoleberis 
pergensi Veen, Paracypris limburgensis 
Veen and Macrocypris limburgensis 
Veen in the Kallankurchchi Formation 
further supports the view expressed by 
earlier workers that the Late Cretaceous 
(Maastrichtian) ostracod fauna of south¬ 
ern India have greater affinities w'ith the 
northern hemisphere fauna (northern 
Tethyan realm). The record of Wich¬ 
mannella sp. aff W. cretacea (Figure 
2 c and d) m the Kallankurchchi For¬ 
mation is in harmony with the view 
expressed above. It occurs rarely in the 
Kallankurchchi Formation and seems to 
be a cosmopolitan species. There are 
some Cretaceous invertebrates that are 
cosmopolitan in nature, occurring in 
India and elsewhere”’. It is widely be¬ 
lieved that there was a free movement of 
ostracod faunas between West Africa, 
North Africa, North America, West 
Europe and India during Cretaceous, 
although at that time the Indian subcon¬ 
tinent lay to the south of 30°S lati¬ 
tude^”’ As such, there is no evidence 
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of any similarity between the Late Cre¬ 
taceous ostracod fauna of southern India 
and Argentina. The marine ostracod 
fauna of Argentina (South America) are 
found in the Late Cretaceous, princi¬ 
pally composed of species belonging to 
the genera Wichmannella, Trachyle- 
beris, Platicythereis and Wolburgia and 
have affinities with the ostracod fauna 
of Africa rather than with the northern 
hemisphere faunas”'’’^^ A problem is, 
therefore, posed concerning the palaeo- 
geographical position of India during 
the Late Cretaceous^^. Possibly, India 
was much closer to the northern shore 
of Tethys than the current plate tecton¬ 
ics accepts or else Tethys was shal¬ 
lower^^. Similar observations have been 
made on planktonic foraminifera of the 
Late Cretaceous of Madagascar and of 
the Indian subcontinent^®. Present data 
concerning the ostracod fauna from the 
Late Cretaceous of India are still too 
scattered and imprecise to provide a 
valid answer to this problem. A detailed 
analysis of these fauna may certainly 
help in solving this problem^^. 
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Comments on ‘Value addition: A threat to Calophyllum 
species’ {Curr. ScL, 1995, 68, 243) 


Ranjit Daniels and V. Patil have rightly 
expressed a concern for the forest spe¬ 
cies of the genus Calophyllum in the 
wake of possible commercialization* of 
their organic compounds. 

Exploitation without consideration 
for future is a folly. On the other hand, 
can we afford to overlook altogether the 
other side of the coin, viz. a drug to 
treat a dreaded disease and at the same 
time income generation for the rural 
poor without sacrificing the scarce for¬ 
est resources! 


Calophyllum inophyllum is a common 
tree in the coastal tracts, as pointed out 
by the authors. As it regenerates fairly 
easily in this habitat, plantations can be 
undertaken in the available wastelands 
along the coastline. 

Marshy, saline {Khar) lands can be 
afforested with Salvadora persica, a 
back mangrove species, which not only 
would provide a green cover for such 
wastelands but can also be a source of 
extra income for the underprivileged 
communities as the oil obtained from 


its seeds is used by the cosmetic indus¬ 
try. 

The cloves are mostly imported 
from Zanzibar or Penang. The clove 
tree {Syzygium aromaticum), requiring 
a very humid climate, can only 
be grown in the Western Ghats in 
Kerala with its short dry season but 
at the expense of natural forests. 
It would be worth experimenting graft¬ 
ing branches of the clove tree on its 
close Indian generic counterpart Syzy¬ 
gium cumini, a hardy, indigenous tree 
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Ranjit Daniels and Vishwanath Patil reply: 


common in the landscapes of the Penin- ' 
sula. 

In view of the past misuse of forest 
resources, it should be our prime en¬ 
deavour to conserve the biodiversity. 
Use of a resource should match its re¬ 
productive potential. 

Myristica spp. (nutmeg), after which 
some evergreen forest types of the 
Western Ghats had been named earlier, 
have become a rarity today because of 
the over-exploitation of the fruits. In 
Coromandel region old trees of Tama¬ 
rind and Borassus (palmyra palm) dot 
the countryside but their saplings are 
seldom seen as the seeds are consumed 
in large numbers. 

The handsome periwinkle herb 
{Catharanthiis roseus), which once ran 
wild over the sands of Mahabalipuram- 
Pondicherry, practically disappeared once 
the medicinal value of its root alkaloid was 
discovered; the plants were uprooted ruth¬ 
lessly without any attempt at their regen¬ 
eration, which was a simple operation: 
scattering seeds from mature fruits. 

Rural development has to be on sus¬ 
tainable lines. 

V. M. Meher-Homji 

French Institute, P.B. No. 33 
Pondicherry 605 001, India 


We entirely agree with Dr Meher- 
Homji’s remarks. This brief communi¬ 
cation was aimed at stimulating all 
readers to consider such issues while 
proposing conservation plans for bio¬ 
diversity without having to sacrifice on 
rural economy and development. 

Calophyllum inophyllum - the Indian 
laurel, locally called Pinnai, Honnai, 
etc., in south India - is, as rightly 
pointed out, a common tree all over our 
coasts. It is traditionally grown in home 
gardens in southern India. However, the 
population of this species is gradually 
dwindling due to development in most 
of its original habitat, viz. beaches and 
lowland canal banks. Trees of this spe¬ 
cies have been removed for a number of 
reasons. In the Kanyakumari district, 
where the senior author hails from, it 
used to be so common. In fact, there is a 
small part of the town of Nagercoil 
which in Tamil is called ‘Pinna-kaatu- 
vilaiU meaning 'a grove of Indian lau¬ 
rel’. This area has lost much of its trees 
during the last 10 years or so. Although 
people locally still use the fruits of the 
trees for making domestic crude oil and 
relish the fragrance of its white flowers. 


in many parts of the town they do not 
wish to have the tree anymore in their 
backyards since the^older trees develop 
a lot of crevices and cavities in their 
trunks which are often colonized by the 
dreaded giant catleg spider (Ischnocolus 
species). This is a general observat¬ 
ion meant only to highlight the subtle 
factors that can lead to the destruction 
of species and not a factor to be 
directly correlated as a significant 
threat. 

Fruits of the Indian laurel are bat- 
dispersed and they grow easily and 
widely. Large nurseries can be raised by 
local villagers along the south Indian 
coasts. Replanting the species w^herever 
appropriate will enhance the population 
and protect it and the rarer forest rela¬ 
tives in the long run. 


R. J. Ranjit Daniels 
Vishwanath Patil 


M. S. Swaminathan Research 
Foundation^ 3rd Cross Street 
Taramani, Madras 600 113, India 


Comments on ‘Melanophore indexing: A quick bioassay 
technique for detection of heavy metal toxicity’ (Curr. Sci., 
1994, 67, 48-50) 


Banerjee and Mukherjee^ rightly ob¬ 
served the toxic effect of a heavy metal 
on the fish melanophores. Earlier too, 
many workers studied the toxic effects 
of heavy metals, pesticides and other 
chemicals on different fish and amphi¬ 
bian melanophores"” In all the 
reports’”'"^ the toxic effect of the sub¬ 
stance under investigation was evalu¬ 
ated by comparing the morphological 
characters of melanophores between 
control and treated groups, either by 
simple descriptive methods or with the 
help of statistical analysis. However, 
'melanophore indexing’ is a method 
which describes the morphological state 
of the melanophores numerically. Many 
methods are in practice nowadays. One 


of the most well-known methods has 
been described by Hogben and Slome’^. 
Others include the one described by 
Bhattacharya et al.^^, whicli is based on 
actual measurement of the melano¬ 
phores. Therefore, the title of the paper' 
seems inappropriate with respect to the 
contents of the paper. Secondly, the 
authors claimed alteration in the popu¬ 
lation of melanophores, which may not 
be correct. The authors' may have 
counted the intact melanophores 
that remained unaffected by the 
toxic substance, while the others disin¬ 
tegrated but ' did not disappear. 
Therefore, population has not changed 
but the number of affected cells has 
varied. 


1. Banerjee, T. K. and Mukherjee, Dalia, 
Curr Sci., 1994, 67, 48-50. 

2. Singh, A. and Munshi, J. S. D., J. Envi¬ 
ron. Biol, 1992, 13,303-308. 

3. Pande, A., FCunwar, G. K. and Munshi, 
J. S. D., J. Freshwater Biol, 1990, 2, 
117-122. 

4. Pandey, A. K., Shukla, L., Fujii, R. and 
Miyashi, Y., Y. Lib. Arts & Sci. Sapporo 
Med. Coll., 1981,22, 77-81. 

5. Kapur, K. and Toor, H. S., Indian J. 
Exp. 5/0/., 1977, 15, 193-196. 

6. Srivastava, G. J. and Srivastava, O. P., 
Proceedings of the All India Symposium 
on Environmental Pollution, Muzaffar- 
nagar, 1979, 183-189. 

7. Ali, S. A. and Ali, A. S., Oriental J. 
C/ze/72., 1985, 1,41-43. 
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8. Rath, S. and Mishra, B. N., Curr. Sci., 
1980, 49,907-909. 

9. Kulshrestha, S. K. and Arora, N., Envi¬ 
ron. Ecol., 1988, 6, 369-372. 

10. Pandey, A. K. and Tomar, V., Bull. 
Environ. Contain. Toxicol., 1985, 35, 
796-801. 

11. Tomar, V., Sehgal, R. and Pandey, A. 
K., Comp. Physiol. Ecol, 1985, 10, 
183-186. 

12. Tomar, V. and Pandey, A. K., J. 

Hydrobiol, 1985, 1, 35-39. 

13. Tomar, V. and Pandey, A. K., Z. 

Mikrosk. and Forsch., Leipzig, 1986, 
100, 391-396. 

14. Tomar, V. and Pandey, A. K., Bull. 
Environ. Contam. Toxicol., 1988, 41, 
582-588. 

15. Hogben, L. and Slome, D., Proc. R. Soc. 
London, 1931, BIOS, 10-53. 

16. Bhattacharya, S. K., Parikh, A. K. and 
Das, P. K., Indian J. Exp. Biol., 14, 
486-488. 


M. OVAIS 

Department of Biosciences 
Barkatullah University 
Bhopal 462 026, India 

T. K. Banerjee and D. Mukherjee 
reply: 

It appears that Ovais has overlooked the 
word ‘quick’ while reading the title of 
our paper (entitled Melanophore index¬ 
ing: A quick-bioassay technique for 
detection of heavy metal toxicity), 
where we have only claimed that 
melanophore indexing (morphologi¬ 


cally/statistically) can be used as a bio¬ 
assay technique for evaluating quickly 
the toxicity of certain heavy metals. 
This technique does not need much ex¬ 
pertise and facility. Further, we have 
studied the lysis of melanophores of 
exposed fish serially at regular intervals, 
morphologically as well as statistically, 
and found that great lysis takes place 
after 96 h of exposure, when counting 
of individual melanophores was not 
possible. It appears that Ovais has failed 
to note that we have compared the ex¬ 
perimental values not only with control 
ones, but also with different treated 
groups according to Duncan’s multiple 
range test (Table 1 of our paper). This 
we had done because we have noted that 
certain cells of fishes have the ability to 
regenerate even under continued acute 
stress of xenobiotics^"^, before they 
again show degeneration or lysis. That 
is why these cells show cyclic altera¬ 
tions of increases followed by decreases 
in their density and activity. This was 
not described by many workers and 
hence they did not care to study serially 
the alterations induced by various 
xenobiotics at different stages of expo¬ 
sure. Without knowing the stage of in¬ 
creased or decreased density, how can 
one know whether the sampled tissue 
represents increased or decreased den¬ 
sity of the cell or tissue? Hence, results 
can always be misleading. So one must 
study the toxicopathological alterations 
systematically as suggested by us. 

We agree that there are several well- 
known methods (many more than what 
Ovais cited). But there is always scope 


for accepting/rej ecting/improving/refin- 
ing of any or all of them. 

The sentence ‘The authors...’ is hypo¬ 
thetical and perhaps contradictory. 
Ovais may consult the following papers 
in this context: 


1. Visconti, M. et al. Pigment Cell Res., 
1989, 2,213-217. 

2. Yoshizaki, K., Jpn. Soc. Sci. Fish, 1979, 
45, 305-311, 

3. Karlsson, J. 0., Atla, 1990, 18, 201-224. 

4. Grundstrom, N., Zool. Sci., 1988, 5, 959- 
964. 

We must stress here that lysed/ 
destructed/dead cells do not form a part 
of an active population. This is true 
even for disintegrated/dead human 
bodies. 


1. Agarwal, S. K., Rai, A. K., Banerjee, 
T. K. and Mittal, A. K., Zool. Batr., 
1979, 25, 403-410. 

2. Roy, B., Ecotoxicol. Environ. Safety, 
1988, 15,260-271. 

3. Raj an, M. T. and Banerjee, T. K., Eco¬ 
toxicol. Environ. Safety, 1991, 22, 133- 
142. 

4. Rajan, M. T. and Banerjee, T. K., 
Biomed. Environ. Sci., 1992, 5, 323- 
335. 

5. Hemalatha, S. and Banerjee, T. K., J. 
Fresh Water Biol., 1993, 5, 235-240. 


T. K. Banerjee 
D. Mukherjee 

Department of Zoology 
Banaras Hindu University 
Varanasi 221 005, India 
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The reign of technology in contemporary medicine 

M S. Valiathan 

Technology has cast its mantle on every aspect of medicine and health care during the last few 
decades and accounted for a major industry for medical and health care products. In Western 
countries, the development of medical technology is facilitated by industrial funding of R&D, 
close linkage between industry and universities and the regulatory role of the Government, Since 
these conditions do not exist in India and the demand for medical products is soaring, it is neces¬ 
sary to devise a new mechanism which will bring together industry, universities and research 
laboratories for a joint effort in developing medical instruments, devices and other health care 
products. The initiative for this move should preferably emerge from industry. This will open a 
new vista in industrial growth which will have a salutary effect on our standards of health care. 


If a patient with effort angina approached a good hospi¬ 
tal in the 1950s, the physician would take a careful his¬ 
tory, conduct physical examination, order laboratory 
tests, evaluate the chest X-ray and electrocardiogram 
and conclude that the patient had coronary artery dis¬ 
ease. There was little more he could do to confirm the 
diagnosis - he could do even less for treatment. The 
prescription, in fact, consisted of rest, nitrates and 
plenty of reassurance. The patient’s expectations were 
small and the physician’s resources, even smaller. 

Today, the management of effort angina has changed 
beyond recognition. History taking and physical exami¬ 
nation have faded into the background. Apart from a 
battery of biochemical tests done by an autoanalyser, the 
patient will now have a stress electrocardiogram to un¬ 
cover latent angina or to assess its severity; the stress 
test will often be augmented by scanning of the distri¬ 
bution of labelled thallium in the heart muscle. The 
pumping function of the heart chambers will be com¬ 
puted by two-dimensional echocardiography or by radio¬ 
nuclide scanning. If the stress test is positive, the patient 
will undergo coronary angiography in a catheterization 
laboratory, complete with X-ray generators, image in- 
tensifier chain, motorized table, multichannel recorders, 
anaesthetic machines and resuscitation console. If the 
angiography shows the blocks in the coronary arteries to 
be suitable for balloon dilatation or for bypass surgery, 
these procedures will then be performed promptly. They 
will in turn involve the use of a variety of specialized 
equipment, but all procedures will get over soon and 
restore the patient to work in less than two months. 

The remarkable change in the management of effort 
angina is typical of what has happened in the manage¬ 
ment of patients over the last few decades. At every 
level of diagnosis and treatment, the prospects for the 

M. S. Valiathan is in the Manipal Academy of Higher Education, 
Manipal 576 119, India. 


patient have been totally transformed by the whirlwind 
of technology. 

Table 1 gives a summarized classification of the tech¬ 
nologies which have recast contemporary medical prac¬ 
tice. The list is by no means exhaustive; it excludes, for 
example, surgical instruments, vaccines and drugs. It 
does, however, illustrate the pervasive applications of 
technology from the primary health centre to the terti¬ 
ary-level hospital. What is no less striking is the fact 
that the equipment, for the most part, entered medical 
practice no earlier than four decades ago. In fact, few of 
the technologies were developed primarily for medical 
applications; they came as by-products of some other 
endeavour. Ultrasound, which revolutionized medical 
diagnosis, for example, owes its origin to the work on 
sonar during the Second World War and the defence 
scientists could hardly have imagined that sonar tech¬ 
nology, which dealt with submarines, would be applied 
to scan the foetus floating in the amniotic fluid 1 Another 
example is the development of polyamide by Carrothers. 
An initial application of the first man-made fibre related 
to parachutes; but a surgeon, Vorhees, visualized its 
application as a fabric tube for replacing diseased arter¬ 
ies. This was the beginning of vascular surgery, which 
saved many thousands of lives and limbs over the years. 

Not all developments in medical technology were, 
however, accidental or concerned solely with equip¬ 
ment. A notable exception, for example, was that of 
William Kouwenhoeven - an electrical engineer -who 
developed the current method for cardiac resuscitation 
when he was in his sixties!^ The credit for developing an 
AC defibrillator belongs to him. 

Development of medical technology abroad 

If the western initiative in medical technology was in¬ 
strumental in revolutionizing health care, it was equally 
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Table 1. Technology for medical applicationT 
Instrumentation Category/Examples 


Diagnostic 


BP apparatus 

Doppler blood flow monitor 

Fluid dynamics 

ECO 


EEG 

Bioelectricity 

EMG 


Autoanalysers 

Analytical biochemistry/ 
computer 

Imaging 


CT Scan 

X-ray 

Endoscopy 

Optical 

MRI ■ 


Magnetoencephalography 

Radionuclide 

Nuclear 

Echocardiography 

Ultrasound 

Therapeutic 


Defibrillators 

Pacemakers 

Biostimulators 

Medical lasers 

Radiotherapy units 

Radiation 

Heart assist devices 

Hybrid technologies 

Devices 

Hip joint 

Heart valve 

Implants 

Lens 

Vascular graft 


Oxygenators 

Disposables 

Blood bag 

Blood dialyser 

External prosthesis 

Artificial limbs 

Dentures 


Biotechnology applications 
Diagnostic kits 

Hormones, enzymes by recombinant DNA technique 
Cryopreserved organs, tissues for transplant 


successful in commercial terms. According to the 1994 
edition of the US industrial outlook, published by the 
US Department of Commerce, computers and semicon¬ 
ductors, which were the fastest-growing manufacturing 
sectors between 1973 and 1988, gave way to health care 
equipment industries for the 1987-1994 economic cycle. 
The medical devices industry reported the value of 
shipments in 1993 to be more than $44 billion, which 
was estimated" to toudh $51 billion in 1994. What made 
medical technology so successful in the US and other 
industrialized countries? 

In the first place, the universities, research institutions 
and industry in the West* enjoy a working relationship 
which is marked by pragmatism and complementarity of 
interests. This is vastly different from the picture in In- 
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dia, where a variant of the.caste hierarchy operates in. 
relation to scientific work and industrial initiative. An 
example from the Western context will illustrate the 
contrasting situations. In the 1960s, I was a research 
fellow in Dr Gotfs surgical laboratory at the Johns 
Hopkins Hospital, Baltimore. We had then done a good 
deal of work on developing and characterizing a surface 
with wall-bonded heparin'*’'^. Though the bonding of 
heparin was ionic and lasted no more than a few hours, 
it was a novel development which found applications in 
cardiovascular surgery^. We had recognized the defects 
of the new surface insofar as it could be applied only to 
rigid materials; it would bar the diffusion of solutes be¬ 
cause of the graphite layer between the heparin and the 
substrate and so on. Within a Tew weeks of the publica¬ 
tion of our papers. Dr Leininger of the Battelle Labora¬ 
tories discussed with us his ideas about grafting heparin 
directly to the surface without the intermediacy of 
graphite. Soon he produced a new surface which grafted 
heparin molecule on plastic materials through a cationic 
surfactant^’^. This was an obvious, improvement on what 
we had developed and became the basis for the cele¬ 
brated Gott shunt, which continues to be in vogue in 
cardiovascular surgery.-For our team at the Hopkins and 
Dr Leininger’s group at the Battelle, the collaboration 
came as a spontaneous and enjoyable exercise.. While 
Hopkins received the credit for introducing the concept 
of wall-bonded heparin, the credit for its conversion into 
a technology went to Battelle. This pattern of develop¬ 
ment is quite common abroad. 

Secondly, industry provides the main engine for prog¬ 
ress in the developed countries because it invests sub¬ 
stantially in R&D. Large companies like Dupont and 
General Electric, whose main interests are anything but 
medical, support R&D in medical products and instru¬ 
mentation because of their social value and correspond¬ 
ing gain for the image of the company. But the majority 
of instruments and devices are developed by ‘start-up’ 
or small companies, which bears testimony to the entre¬ 
preneurial spirit of the Western technologists. The 
smaller companies, in fact, spend more on R&D than 
their larger counterparts and the percentage may be as 
high as 15-30% of their turnover. Once a product is 
conceptualized and the market shown to be promising, 
the companies carry out much of the developmental 
work in-house and contract out the remainder to other 
laboratories or universities, while retaining overall con¬ 
trol and responsibility for production and marketing. 
This is as true for a computerized treadmill as for a 
pacemaker. Thanks to the participation of many labora¬ 
tories and groups, medical instruments and devices are 
often the products of a truly national effort. Indeed, the 
recent trend is to extend R&D and production transna- 
tionally to save on costs and to improve global market¬ 
ability. 

Thirdly, the Government supports the enterprise in 
medical technology in two ways. It makes itself absent 
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in the University-industry interactions and does not 
interfere in R&D activities. It does, however, ensure that 
the products of medical technology conform to rigid 
standards. Elaborate regulations are made and imple¬ 
mented to ensure the safety and efficacy of what is in¬ 
troduced in the market. There are also provisions to 
recall defective products, which the industry promptly 
complies with. 

Whether one looks at University-industry linkage, in¬ 
dustrial support for R&D or the role of the Government, 
the Western model for the development of medical tech¬ 
nology is clearly inapplicable nearer home. 

The Indian scenario 

In India, one looks in vain for close linkages between 
industry and university science departments. Industry 
does not spend enough on R&D, preferring the security 
of manufacture under licence, and Government hardly 
wakes up to the problems in medical technology or 
health care unless something as terrible as plague 
sweeps across the country. In this highly unpromising 
climate, why worry about technology development? 
Why reinvent the wheel when the writing of the MNCs 
is on the wall? Why cannot we import whatever we 
need? The trouble with this approach is that a prescrip¬ 
tion for blind imports spells nothing short of disaster. A 
survey carried out by the Sree Chitra Tirunal Institute, 
Trivandrum, in 1985 showed that the demand for medi¬ 
cal devices - excluding instruments, vaccines, drugs and 
so on - exceeded Rs. 350 crores, which was estimated to 
reach Rs 1000 crores by 2000 AD^. Following the de¬ 
valuation of the rupee and the acquisition of more recent 
data, industry sources estimate that the actual demand 
may be far greater by the turn of the century. It is un¬ 
thinkable that India can import equipment and devices at 
such cost, or produce them under licence, to run its 
hospital services. There will be no appeal from the harsh 
judgment that will befall those who advise the perpetual 
borrowal of technology as a policy. It is no one’s case 
that we should develop everything we need by our¬ 
selves: I do, however, claim that our technological ca¬ 
pacity should be such that, while our time scales and 
priorities may bar the development of a given technol¬ 
ogy, we could definitely accomplish any job and build a 
base which would be self generating. 

One could go about the task in different ways. A re¬ 
cent approach was that of the Sree Chitra Tirunal Insti¬ 
tute, Trivandrum, which demonstrated that medical 
technology can be developed quite successfully within 
the country by creating a joint institutional framework 
for medical science and technology. The example of the 
blood bag - the first technology to be developed by the 
Institute - is instructive. In commercial production for 
over four years, it has captured 70% of the domestic 
market; it is exported to countries, including those in 


Europe; apart from Penpol in the joint sector, which 
produces over two million bags annually, a second unit 
under Hindustan Latex Limited will produce them 
shortly and a third unit will open in Calcutta in two 
years. From all accounts, it is a success story. 

The blood bag story 

Soon after the technology development programme of 
the Sree Chitra Institute got underway in the early 
1980s, we took up the development of an oxygenator, 
which is a disposable device used in open-heart opera¬ 
tions. The device, in our design, consisted of two PVC 
sheets welded together in such a manner that it pro¬ 
vided, in sequence, a bubble chimney wherein oxygen 
was bubbled through a rising column of venous blood, a 
defoaming chamber and an arterial column from which 
blood was pumped back to the patient. As we had no 
calendaring machine and the commercially available 
PVC sheets lacked biosafety, my colleague, Pal, devel¬ 
oped a PVC compound which was specially extruded for 
us by the Bhor Industries. The difficulties in the devel¬ 
opment of the oxygenator were aggravated by our con¬ 
cern that no industry would care to produce the 
oxygenator since its demand was unlikely to exceed 
three or four thousand a year. We then hit upon the idea 
that the same PVC sheet could be welded to make a 
blood bag, which could have a large market. Even 
though several blood transfusion experts were sceptical, 
the Health Ministry figures indicated that a national 
blood transfusion service would need two million bags a 
year. We also knew that blood bags had replaced bottles 
abroad, thanks to their many advantages, the facility to 
separate blood components being foremost among them. 
Our initial samples were easily made with the PVC 
sheets obtained from the Bhor Industries, but the sam¬ 
ples cracked on centrifugation - one of the crucial tests 
for a candidate bag. We realized that a new PVC com¬ 
pound had to be developed which would release minimal 
quantities of phthalate during storage and would with¬ 
stand rigorous mechanical tests. It took nearly three 
years to produce a prototype blood bag which fulfilled 
the standards recommended by the DHSS in Britain. 

After the prototype bag was developed and tested suc¬ 
cessfully, no manufacturer could be found for the device 
in spite of efforts to persuade several companies in the 
public and private sectors. Two years passed, when a 
science reporter who covered one of our symposia wrote 
about the blood bag; this elicited a few enquiries from 
entrepreneurs. As we had no expertise in selecting an 
entrepreneur. Dr Varadarajan, who was then Secretary, 
DST, arranged for two consultants from the IPCL to 
assist us. Their choice fell upon an IAS officer who was 
keen to leave the service and set up Penpol - a new 
company to manufacture blood bags. He had no indus¬ 
trial experience or background, but we felt that he had 
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the drive, knowledge and tenacity to succeed. We as¬ 
signed the technology to the NRDC, who transferred it 
in turn to Penpol and promoted the company with the 
Kerala State Industrial Development Corporation. The 
transfer of technology posed its own problems, but the 
involvement of the Institute in setting up the Penpol 
factory in Trivandrum was total. Preparing a detailed 
project report, training the Penpol technicians during the 
pilot production of blood bags in the Chitra laboratories, 
deputing of engineers for the selection and erection of 
equipment, and many other things were done in a truly 
cooperative spirit as neither side could afford the risk of 
failure. It was fortunate for the project that Prof Rama- 
seshan agreed to be its Chairman. 

But troubles continued. When the production of blood 
bags began, pamphlets and articles appeared from no¬ 
where to condemn the product as carcinogenic! Since 
vinyl chloride had been known to produce cancer among 
the workers who were exposed to the gas, it was claimed 
that\he PVC pellets and sheets would also be similarly 
deadly! Since the pamphlets had the air of spurious 
authenticity, the Chitra Institute was called upon to 
prove that its blood bag did not contain vinyl chloride 
residues despite the fact that the DHSS standards did not 
demand the test. As the analysis for vinyl chloride resi¬ 
dues could not be done in India, the Institute was 
obliged to get the job done in a laboratory in the US. 
The exercise to kill the disinformation campaign cost 
the Institute Rs 35,000, not to speak of all the vexation 
in the bargain. 

Hardly had the slander campaign died when a fresh 
crisis gripped the project. A foreign manufacturer of 
blood bags, who had dominated the Indian market, re¬ 
duced the price by half overnight even as they continued 
to sell their product at the old price in the neighbouring 
countries. It was an example of unfair trade practice by 
a multinational company whose target was an infant in¬ 
dustry which was struggling to survive in India. It took 
the effort of several influential men of goodwill to over¬ 
come the crisis by having customs duty imposed on the 
foreign bag. The Indian industry never looked back 
thereafter and steadily increased their production and 
market share. The demand for blood bags grew dramati¬ 
cally, thanks to the public awareness of blood- 
transmitted diseases. Recently, MOUs were signed by 
the National Research Development Corporation for the 
transfer of the blood bag technology to Egypt and Indo¬ 
nesia. 

In a decade, the Chitra Institute replicated the blood 
bag story for a series of medical devices, including the 
oxygenator, cardiotomy reservoir, hydrocephalus shunt, 
tilting disc heart valve and a polyester vascular graft, 
and each had a story to tell. Can the Chitra model pro¬ 
vide inputs for the formulation of a national strategy for 
meeting the demand for skilled manpower, for support 
to R&D and for regulatory control in the field of medi¬ 
cal technology? 
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The task ahead 

Since medical technology involves medicine and engi¬ 
neering, the first desideratum is an interdisciplinary 
dialogue which must begin early in one’s training. It is a 
waste of time to try and interest medical and engineering 
students in the ‘other culture’ because they are too set in 
their way of thinking and too preoccupied with their 
own subjects to really care. What is preferable is to be¬ 
gin at the beginning and impart a medical or engineering 
orientation to subjects, wherever appropriate, at the 
school level. A lesson in sanitation can touch upon in¬ 
cinerators; a course on fish heart physiology can refer to 
finger pumps, and the neural connections in the brain 
can recapture the design of computers. Conversely, the 
teaching of dynamics, mechanics, electricity, etc., can 
draw upon the infinite variety of examples in the human 
body and sensitize the potential students of medicine 
and engineering to the form and function of the human 
machine. A reorientation along these lines will not only 
enliven the school curricula but will also facilitate in¬ 
terdisciplinary dialogue when the school children be¬ 
come physicians, engineers and scientists. Obviously, 
the same philosophy and approach to teaching must pre¬ 
vail in the professional colleges. 

At the postgraduate level, there is a case for expand¬ 
ing the training programmes in biomedical engineering 
provided the generation of manpower is tailored to meet 
the changing needs of health care in the country. Man¬ 
power requirements currently fall into three categories. 
The largest demand relates to the category of clinical 
engineers, who are responsible for keeping the hospital 
equipment in operating condition. Given the enormous 
volume of the documented disuse of hospital equipment 
in India and the fact that every hospital with over 200 
beds will have sufficient equipment to keep an engineer 
busy, the increasing demand for clinical engineers is 
understandable. Secondly, industry and R&D organiza¬ 
tions have begun to look for talented biomedical engi¬ 
neers who can develop new products and processes for 
the domestic and international market. The third cate¬ 
gory relates to the few who work at the conceptual level 
or with mathematical models and find their niche in re¬ 
search institutions. A two-year programme of post¬ 
graduate training for all the three categories could offer 
a common curriculum which covers basic sciences, basic 
medical subjects, engineering principles, biostatistics, 
etc., during the first year and leave the second year free 
for the candidates to do an ‘internship’ under supervi¬ 
sion in large hospitals, R&D laboratories or a university 
to gain practical experience in any of the three areas. If 
the training programme is well-structured and the facili¬ 
ties and teachers are competent, hospitals and industries 
will readily depute engineers for training, thanks to the 
growing realization that trained staff hold the key to the 
success of organizations. This will make a major contri¬ 
bution to the growth of biomedical technology. 
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Regarding support to R&D, the Indian industry has a 
choice. It could either stick to production under licence 
and become marginalized in the world, or it could de¬ 
velop a technologic base and be counted as a global 
player. For a start, a given industry could identify a 
family of devices which share a common base such as 
computers or material science and resolve to produce 
them over a specified period of time as part of corporate 
planning. While opting to import some of the technolo¬ 
gies, they could fund a laboratory or university with 
proven ability in India to develop the remaining prod¬ 
ucts on a contractual basis. This would give assured 
funding to the laboratories or universities and free them 
from the constant anxiety regarding resources. It would 
also enable the industry to own the technology, plan and 
control pilot production, manufacture and marketing. 
This calls for awareness of global market trends, supe¬ 
rior managerial skills and societal concern. Whether our 
industrial and scientific communities will rise to the 
occasion is a big question at this time. 

Where does the Government come in? Given the pres¬ 
ent realities in the national economy, public funding can 
play only a marginal role in the development of medical 
technology. But marginal need not be insignificant. 
Government funding of the universities or laboratories 
for research projects in computer science, tissue- 
material interactions, materials toxicology and so on 
may create a valuable reservoir of knowledge which the 
R&D teams can draw upon for given tasks. But the main 
role of the Government is regulatory, where the picture 
is unsatisfactory. The Lentin report told us about the 
Drug Act and the poor state of its implementation. For 
medical devices, we do not even have a legislation! Un¬ 
less a devices legislation is enacted speedily and imple¬ 
mented effectively, a rapid expansion in production can 
create avoidable problems, including the violation of 
consumer protection laws. 

Conclusion 

Technology has cast its mantle on all aspects of health 
care, which will continue to evolve in the years ahead. 
This has serious implications for the economics of 
health care, quality of treatment, generation of skilled 


manpower and the development of a health care industry 
in the country. The present institutional mechanisms are 
neither suited nor competent to study these issues and 
formulate a policy because medical technology covers as 
many disciplines as different areas of scientific and eco¬ 
nomic activity. Unless a new initiative is taken, Indian 
industry and health care will stand to lose heavily in the 
new economic climate. What we have achieved in the 
growth of pharmaceuticals can be replicated, if not ex¬ 
celled, in the field of medical equipment and devices if 
we act with wisdom and speed. The time has come for 
the Indian industry to set up a Bureau for Medical Tech¬ 
nology which will watch global trends and the nature of 
domestic demands, assess the capabilities of the indus¬ 
tries and research laboratories in India, advise industry 
on productive tie-ups with laboratories or universities, 
liaise with similar organizations abroad and work with 
the Government on framing workable and fair laws on 
regulation. Since the health care industries belong to the 
medium- or small-scale sector, the Bureau can assist 
them in engineering consultancy and a variety of other 
services which a start-up firm will need. It can provide 
support in crises when a foreign manufacturer threatens 
the existence of a small company. Instead of looking to 
the Government perpetually, industry and the scientific 
community will do well to create a self-reliant mecha¬ 
nism for the development of medical technology through 
the Bureau. To invest in its creation and promotion 
will be an act of prudence and a vote for our self- 
confidence. 
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Mathematics and statistics of aging 


Jayant K Deshpande 

In this article we review the various concepts of aging as they apply to ensembles or populations 
of individuals. We observe that these notions are extremely useful in the study of biological units 
and populations as well as mechanical, electronic and other types of components, systems com¬ 
posed of such components and their populations. It is shown how various stochastic models may 
be based on different qualitative aging concepts. Statistical aids for choosing between various 
models are also introduced. A recent report on the aging of fruitflies is critically examined in the 
light of these aging concepts. 


Every new-born grows old and eventually dies. This is 
universally accepted as truth. So, perplexity sets in when 
sometimes it is reported that ‘life expectancies may not 
always decrease as organisms grow older’. It was re¬ 
ported in Science^ and quoted in the Times of India 
dated 30 Oct. 1992 that the results of certain experi¬ 
ments on fruitflies indicated that once a fly was past a 
certain age, its life expectancy may increase with age. Is 
this consistent with the universal truth stated in the first 
line above? Such seeming anomalies may be reconciled 
only through a detailed study of the phenomenon of ag¬ 
ing. 

Let us consider units which are new (just born or 
manufactured), which carry out their appointed func¬ 
tions for a time and then fail (or die) once for all. Thus, 
we are for the present excluding units which may be 
repaired and made functional again. Each such unit has 
certain physical or biological properties and character¬ 
istics. Besides, there is the totality of such units in a lot, 
say those manufactured in a batch, those born to similar 
parents in a given interval of time, etc. Such an ensem¬ 
ble is called a population in statistical language. The 
units in the populations, though subject to innate vari¬ 
ability, exhibit certain regular statistical patterns. A 
study of these patterns from a probabilistic point of view 
provides useful insights about the population as a whole. 
Many anomalies arise out of the confusion between the 
properties of the individual unit and those of the whole 
population, particularly when the population properties 
are erroneously imputed to specific individuals in it. 

The areas of survival analysis and reliability theory in 
statistics and probability deal with the life/death phe¬ 
nomenon. These have developed in strength since the 
sixties with some isolated distinguished work earlier 
also"’ . Our emphasis in this article will be on various 
concepts of aging and their consequences, to indicate 
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carefully to the user their respective spheres and limita¬ 
tions and help him in resolving apparent inconsistencies. 
This is done in terms of the failure rate and the mean 
residual life functions of the random variable denoting 
the lifetime of a unit. The implications of various shapes 
of these functions for the populations oT such units are 
discussed. We provide a couple of simple statistical 
procedures which help in the choice of a model accord¬ 
ing to the evidence regarding the shape of the failure 
rate. The last section considers critically several state¬ 
ments appearing in the article regarding the fruitflies 
experiment. 

Modelling lifetime as a random variable 

It is seen that the electric bulbs made by the same fac¬ 
tory to the same specifications still have different life¬ 
times. This unpredictability of the lifetime makes it a 
random variable. Hence, its characteristics can only be 
described probabilistically and statistically. Let a ran¬ 
dom variable X denote the lifetime of a unit. Then it 
may be conveniently, and without loss of practical util¬ 
ity, assumed to be positive-valued and continuous, i.e. x 
will have a distribution function F{x), a survival func¬ 
tion F(x) = l~f’(x) and a probability density function 
fix) = dF(x)/dx. It should be noted that F{x) denotes the 
probability that the unit fails not later than time x, or 
P[X<x] = F(x); F{x)\s the probability of the comple¬ 
mentary event that it fails after time x, F(x) = P(X> x), 
and the probability that the unit fails in an interval (^i, 
t 2 ] is given by 

•''i 

Any of the above three functions carries all the probabil¬ 
istic information regarding the random variable X We 
specify various models for it taking into account the 
qualitative prior information which we possess. This is 
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where usually probabilistic modelling begins; but in 
modelling for lifetime distributions we start with certain 
other functions related to the above three. 

The new concept which is relevant to lifetime model¬ 
ling is the concept of age. It is the time lapsed since 
birth or since the unit was pressed into service without 
failure or interruption. In lifetime experiments the unit is 
monitored continuously since it is put into operation and 
hence one can talk of its age at any time until it fails. 
The function rp(t) = f{t)lF{t), called the failure (or haz¬ 
ard) rate, is the rate at which the units fail in a very 
short interval at time t, given that it has not failed be¬ 
fore, i.e. 

rF(0= \xm^P{t<X<t+M\t<X)^^. 

A/->o A/ F\t) 

Different populations show different behaviours in their 
failure rates. The difference between the probability 
density function /(x) and the failure rate is worth 
remarking upon. The former gives the rate at which 
electric bulbs are failing in the populations at age t, 
whereas the latter gives the rate at which the electric 
bulbs which have already attained age t are failing im¬ 
mediately at age t. Again, in the first case we consider 
the entire population and consider among them those 
failing at age t and in the second case our population is 
restricted only to those bulbs which have attained age t 
and consider those which fail immediately thereafter. It 
is well to keep this difference in mind because a confu¬ 
sion here could cause a misunderstanding later. It is, 
therefore, clear that among the two rates the failure rate 
reflects the effect of age on the failure patterns and the 
probability density function merely summarizes the fail¬ 
ure pattern of the entire population. 

Another function relevant to the probability distribu¬ 
tion of lifetime is the mean residual life at age 
= F[X - /1 A" > /]. This is the expected further life 
(average further life) of a unit which has already at¬ 
tained age t. That is to say, /i(/) + t is the total expected 
life of a unit which is known to have survived up to time 
t. Obviously, //(O) is the expected life of a new, as yet 
unused, unit. One can adduce reasons for the considera¬ 
tion of ^{t) as a characteristic of the aging patterns 
similar to those given in the case of rF(0- Either of the 
functions introduced above, rF(0, is quite suffi¬ 

cient to provide the entire probabilistic information re¬ 
garding the lifetimes while keeping age in mind. Any of 
the functions may be derived from any of the others'^. 
But they do bring out different aspects of the probabil¬ 
istic structure. 

Aging of a population 

A population is an ensemble of essentially like units, 
even if there are variations in their characteristics. It 


could consist of fruitflies, or electric bulbs or human 
beings or motor cars, etc. If we say that X is the random 
variable representing the lifetime of the units in this 
population, then we also assert that F{x), the distribution 
function of Jf, denotes the probability that a unit chosen 
randomly from this population will fail before or at age 
X. For a large population, it will approximately be equal 
to the proportion of units failing before or up to age x 
among the total number of units in the population. It is 
hard to impute these properties to a specific single unit 
in the population. A specified fruitfly will live its ran¬ 
dom, that is to say, initially unknown and unknowable 
lifetime and then perish. The probabilities can be as¬ 
cribed to a single unit only if it loses its specificity and 
is regarded as an unmarked randomly chosen member of 
the population. 

Let us consider a large population of fruitflies. For the 
sake of convenience, let us regard each member of 
the population as having been born at the same time. 
Usually this can be accomplished in an actual population 
by appropriately aligning the times of birth of the fruit¬ 
flies. 

As the time passes, the age of all the units increases 
and one by one they die, the population is progressively 
depleted and eventually exhausted. But, of course, in a 
real population there are births as well which combined 
with deaths will lead to extinction, equilibrium or ex¬ 
plosion of the population. At this time we ignore births 
altogether. Such an ensemble of fruitflies or other bio¬ 
logical entities is called a cohort. 

To understand the effect of aging, we consider the 
deaths at any age r as a proportion of the part of the 
population still at risk, i.e. the residual cohort, in a unit 
interval of time at age t. This is approximately the prob¬ 
ability of death in an interval of unit time, conditional 
on survival to age t. If the fruitflies, at least after a cer¬ 
tain age, become more and more prone to death with 
advancing age, then this conditional probability should 
show an increase with increasing t. With biological 
populations, particularly the human population, the 
usual experience is that from birth to a certain young 
age /o, the effect of age is beneficial, meaning that the 
proportion of number of deaths to the population at risk 
shows reduction. Then there comes a period over which 
this proportion remains more or less constant. After a 
second threshold t\ is passed, the effect of age is posi¬ 
tively adverse and the proportion of deaths among the 
still-at-risk population increases till the population is 
exhausted. This leads to what is called a ‘bathtub (BT)- 
shaped’ failure rate as shown in Figure 1. 

In the case of human population the first phase over 
age (0, /o) corresponds to infant mortality, wherein 
deaths are due to congenital defects, postnatal compli¬ 
cations and, in general, due to the extra vulnerability of 
infants to a harsh environment. The deaths during the 
interval (/o, ^i) would essentially be accidental deaths. 
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Figure 1. Bathtub-shaped failure rate. 



those caused by an. external agency like road accidents, 
accidental contraction of lethal viruses, predator attacks, 
etc. The deaths which occur beyond ti are attributed to 
what is termed, loosely speaking, as old age. The causes 
would be general wear and tear of tissues, hardening and 
narrowing of arteries, slow depositions of calcium and 
other materials at vital spots, wasting of muscles, etc. 
Automobile tyres or break linings wear out with use, 
thus making them more vulnerable to breakdowns with 
progressive age. In general, the deaths in this period are 
attributable to certain processes having a cumulative 
effect over time and which mature into conditions which 
become more and more favourable to death. 

Instead, if we consider the above experience of aging 
in terms of the mean residual life function then the 
graph will look like an ‘upside-down bathtub’ (UBT), as 
shown in Figure 2. Here tQ and t* correspond to the two 
thresholds for moving from infancy to young and from 
young/middle age to old age, respectively. A BT shape 
for fy(t) will generally lead to a UBT shape for the cor¬ 
responding ^f( 0 hut not necessarily vice versa. Also, the 
thresholds to, t\ for r^(t) and for jLL^{t) will not nec¬ 
essarily be identical. This is because in r^{t) only the 
effect of age up to and including the time t is shown up, 
whereas incorporates the effect of aging at ages 
beyond t also. See ref 5 for details of such nonmono¬ 
tonic aging patterns. 

Moving away from human (or biological) populations 
may result in radical changes in the effect of aging. 
Consider electric bulbs. Those bulbs which do not have 
manufacturing defects would fail only when accidental 
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Figure 3. Constant failure rate and mean residual life function. 

external shocks (like a surge in the voltage, falling down 
from the socket, breakage of the filament, etc.) prove 
fatal. There is no discernible effect of age at all. Hence, 
the failure rate as well as the mean residual function 
are constant (and r^it) = 1/^f( 0 = exhibited in 

Figure 3. 

Besides electric bulbs, other units like electronic 
components, etc., show the same constant pattern of 
failure. This failure pattern, called constant failure rate, 
is a characteristic property of the exponential distribu¬ 
tion function: 

F{t) ^ 1 - e“"', with F(0 = , 

f{t) = Ae""', r^{t) = A, and /tpC/) = 1/A for t > 0. 

The constant failure rate property is also called the lack 
of memory property or the no-aging property for obvi¬ 
ous reasons. In a population it is manifested by ap¬ 
proximately the same proportion of the population-at- 
risk failing in any unit interval of time, irrespective of 
the age. In radioactivity, the same model is found appl¬ 
icable under the nomenclature ‘constant half-life’ for 
electron emissions^. 

Models other than the exponential 

In the last section we saw that the exponential distribu¬ 
tion provides an adequate model for the distribution of 
the lifetime of a no-aging unit. However, we know very 
well that apart from electronics the no-aging phenome¬ 
non is rare. When systems are composed of statistically 
independent components, each having the exponential 
distribution, except in case of a series system, the life¬ 
time of the system does not retain the no-aging property. 
Even in a simple system like the parallel system of two 
components, where the system lifetime is the maximum 
of the |wo component lifetimes, the distribution is not 
exponential; it does not even possess a monotonic fail¬ 
ure rate. For a large class of systems called coherent 
systems the system lifetime possesses the IFRA 
(increasing failure rate average) property, which says 
that the failure rate r^{t) is such that the average 
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is an increasing function of t, though the failure rate 
itself may not be monotonic. 

Next let us consider a mixture of several exponential 
populations. That is to say, our popiulation is composed 
of several subpopulations, each of which possesses the 
no-aging property with different constant failure rates. 
Then the overall population, surprisingly enough, theo¬ 
retically possesses a decreasing failure rate. In other 
words, the proportion of deaths to the number of still-at- 
risk per unit time interval will tend to show a decreasing 
trend as age increases^ This is what we call the benefi¬ 
cial effect of age. 

The third commonly occurring situation is the one in 
which a unit upon failure is replaced by another statisti¬ 
cally independent unit from the same population. Then 
often the experimenter is interested in the total life of 
two or more units. Again, it is easily seen that even if 
each of the units has the same exponential life distribu¬ 
tion, the total life length of two or more units exhibits an 
IFR (increasing failure rate) distribution, meaning a 
probability distribution which possesses an increasing 
(as t increases). Thus, in practice we would find 
that, if we look upon the ensemble of the sums of two 
(or a larger fixed number) lifetimes as our population, 
then the proportion of failures to the number of still-at- 
risk for such entities shows an increasing trend. 

In passing it should be noted that all IFR distributions 
possess the IFRA property also and the only distribution 
common to the DFR and the IFR (or the IFRA) class is 
the exponential distribution, since the constant failure 
rate is the only failure rate which is simultaneously non¬ 
decreasing and nonincreasing. These classes (DFR, IFR, 
etc.) are called monotone aging classes of distributions^. 
A UBT failure rate distribution defined above cannot be 
in the IFR or DFR class though it could be in the IFRA 
class. Similarly, a BT failure rate distribution may be a 
member of the DFRA class (to be defined in analogy 
with the IFRA class)^. 

Appropriate models belonging to these classes may be 
chosen to match the specific conditions of the experi¬ 
ment. The following families, besides the exponential 
distribution, are quite popular as models: 


(i) The Weibull family: The failure rate is specified by 

= t>Q, j3>0. 

It is seen that ^ = 1 leads to the constant failure rate 
(exponential distribution), f > 1 leads to distributions 
with the IFR property and /3 < 1 to the DFR family. 

(ii) The gamma family: The probability density func¬ 
tion is given by 


/(O- 




t>0,a, p>0. 


Here also p = 1 leads to the exponential distribution. 
The IFR and DFR case is obtained with p> I and /3< 1, 
respectively. 

(iii) The Pareto family: The failure rate is given by 

Here each member is DFR. This arises as a limit of 
mixtures of increasing number of nonidentical exponen¬ 
tial families. 

(iv) The lognormal family: The probability density 
function is given by 




/ > 0, - < /i < OO^ (J > 0. 


The failure rate is known to be nonmonotonic, first in¬ 
creasing and then decreasing. This distribution is actu¬ 
ally such that the log of the random variable has the 
normal distribution. The shapes of the failure rates of 
the above families are indicated in Figure 4. 


Choosing a model statistically 

To choose the appropriate family, one may follow the 
simple graphical procedure given below. 

Let the lifetimes of n randomly chosen units from the 
population be available. This number n should be rea¬ 
sonably large (say 100 or more). Divide the positive axis 
(0, oo) into equal intervals (called unit intervals) (0, 1), 
(1, 2), ..., etc. Let r/ be the number of units still alive at 
the beginning of the /th interval. Obviously, n = r^. Also, 
let di be the number of deaths in the /th interval. Calcu¬ 
late dilr-i for each / until the deaths of all the units are 
recorded. Plot these numbers di/ri against /. Ignore the 



Figure 4. Failure rates of selected life distributions. 
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Figure 5. Graphs of the observed ratio of deaths to the number of 
units still at risk. 

ratio in the last nonempty interval, which is bound to be 
1. The locations of these points would mimic the theo¬ 
retical failure rate to some extent. For example, the 
points, as seen in the first graph of Figure 5, probably 
indicate the constant failure rate or the exponential dis¬ 
tribution, whereas those in the second graph seem to 
indicate a decreasing failure rate starting at some finite 
level. This procedure was adopted for the fruitfly cohort 
by Carey et ai ^ 

If is a rather small number, say 10 or 20, then the 
following alternative procedure may be used for recog¬ 
nizing the shape of the failure rate. Let x\<X 2 < <Xn 
be the observed lifetimes in increasing order of magni¬ 
tude. Calculate the normalized spacings 

y 2 -=l{X 2 -Xx), 

y2 = 2{X2-X2), 

y„ = n(x„ - x„ . i), 
and the sum 

Sn = Xi + X2 + + Xfj. 

Calculate further the ratio tj ,called the scaled total time 
on test up to the zth failure, 

/i =yi/si, 

h = {y\-^yi)ls2, 

k\ = (Ti +y 2 + *•* +yn)ISn = L 

It can also be seen that 0 < < •■• < i < /„ = 1. Plot 

these values on thex axis against 0 , Mn, 2ln, n~ Ifn 
and nfn = 1 on the y axis, respectively, to get the graph 
(t/, iln), z = 0 , 1 , 2, ... ,«, which is called the graph of 
the scaled total time on test. 

The shape of the graph (o, Hn) indicates many things 
about the aging prevalent in the population from which 
this random sample is obtained. If it lies very near the 
diagonal joining ( 0 , 0 ) with ( 1 , 1 ) except for small ran¬ 
dom fluctuations on both sides, then no aging 
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(exponential distribution) is indicated. If, on the other 
hand, it lies entirely below (above) the diagonal then 
adverse (beneficial) aging of some kind or the other is 
indicated. A concave (convex) graph entirely above 
(below) the diagonal, as seen in Figure 6 , makes a 
strong case for DFR (IFR) type. If the values 

_ ^ ^ 0 
n{\-ti)'n) 

form a graph with a convex shape, even though the total 
time on test is not convex, the decreasing residual life 
expectancy is indicated without having strictly IFR 
property. 

A bathtub-shaped failure rate is indicated by a graph 
in which points first fall below the diagonal and then 
above it, as indicated in Figure 7. 

Many more sophisticated methods like probability 
paper graphing, goodness of fit tests, etc., are also 
available for the choice of the family^'^. 

After the choice of the family of distributions is made, 
one must estimate the values of the unknown parameters 
in these distributions, viz. a, /?, 7 , etc. Standard statisti¬ 
cal procedures like maximum-likelihood estimation may 
then be followed on the basis of random samples. We 
shall not discuss these technical procedures here; many 
standard books on statistical theory and methodology 
relating to life distributions will provide the necessary 
details.^’ 



Figure 6. A concave-shaped scaled total time on test graph. 



Figure 7. The scaled total time on test graph of a bathtub-shaped 
failure rate. 
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All the models proposed in this section give positive 
probability to all intervals on the entire positive part of 
the real line, i.e. (0, oo). This means that indefinitely 
large values of age are not ruled out. This may look like 
a handicap of these models. However, it is extremely 
difficult for biologists or engineers to put an absolute 
limit on the age of the units that they deal with. In prac¬ 
tice, they would only assert that very large ages are ex¬ 
tremely unlikely. In any of the above models, this 
feature can be built by requiring it to give a very low 
probability (say, less than 10~^^ or even 10~^^) for the 
occurrence of ages larger than a specified large value, 
without ruling out absolutely the possibility of even 
larger ages. The low order of the probabilities quoted 
above will mean that, in practice, one may not at all ob¬ 
serve any age above the limit. The possibility of infi¬ 
nitely large age is present only in infinite populations, 
which do not exist in reality. Naturally, among the 
models suggested above, the DFR models will be long¬ 
tailed compared to the IFR models. 

The chosen model may then be used to estimate and 
predict the various constants and variables associated 
with the population. 

The fruitfly experiment and report 

One of the aims of this article has been to comment on 
the several statements appearing in the news report car¬ 
ried by the Times of India dated 30 Oct. 1992 which 
seem to have emerged out of some misunderstanding of 
fundamental notions regarding aging as well as of the 
original article of Carey et al}. We quote from the re¬ 
port below: 

(i) ‘The new findings, however, indicate that some 
Methuselahs among fruitflies at least, can live at least 
twice as long as is normal for their species.’ 

The model well-accepted for the no-aging electronic 
or electric components, i.e. the exponential models, lays 
down the following approximate frequencies of failures: 

Failures before half the average (normal) life 40% 

Failures between half and average (normal) life 25% 

Failures between average and twice average life 15% 

Failures after twice average life 20% 

So in this model late deaths (or for that matter early 
deaths) are not at all rare. In DFR distribution, which 
will be comparatively long-tailed, the frequency of late 
failures will be even more. So it should not cause any 
surprise that some Methuselahs live to at least twice the 
normal age. In human beings (for India) the average life 
at birth is 57 years or so. Living to 114 years, though 
extremely rare, is not unheard of. This aspect has been 
noted by Curtsinger et al.^ 



^0 


Figure 8. Monotonic decreasing failure rate. 

(ii) ‘With just a few individuals once a fly was past a 
certain age, its life expectancy increases’. 

We would expect this phenomenon to hold right from 
the birth of the fruitfly, not only after a certain age was 
past. In birds, animals in the wild and such species who 
do not have medical help available, the common experi¬ 
ence is as given in the graph of the failure rate (Figure 
8). What happens is that in the infant stage there is very 
high mortality because of congenital defects and also the 
inability of the very young to take care of themselves. 
After a certain age, when the young become fully mobile 
and are able to gather their food effectively, they die of 
accidents - a broken leg leading to starvation, falling 
prey to a predator, etc., so much so that in the wild it is 
extremely rare that an animal will die of old age causes 
as most adult humans do. Hence, the failure rate never 
goes beyond the middle constant part, thus giving an 
overall experience of decreasing failure rate. And, of 
course, increase in the mean residual life function is 
inherent in decreasing failure rate. 

Another possible explanation for the observed in¬ 
crease in mean residual life could be that the population 
of fruitflies is composed of several subpopulations with 
different failure rates. The totality, which is a mixture of 
the various subpopulations, would show a decreasing 
failure rate and thus an increasing mean residual life. 
This observation may be intuitively justified in the fol¬ 
lowing way. If a population consists of several subpopu¬ 
lations with different failure rates then in the initial 
stages there will be comparatively more failures in the 
subpopulations with higher failure rates, leaving the 
subpopulations with lower failure rates unscathed. Thus, 
the population as a whole keeps improving in the sense 
that the remainder of the population at any stage is 
stronger than the entire population at the beginning. 

In the actual data provided by Carey et al}, it is seen 
that the estimated failure rate steadily increases until the 
29th day of the life of the fruitflies. By this time about 
80% of the cohort is dead. For the next 40 days the fail¬ 
ure rate remains more or less constant. At this stage 
more than 99.9% of the cohort is dead. The values in 
these two stages are for highly selective groups of indi¬ 
viduals and may be said to belong to identifiable sub¬ 
populations obeying different laws. 
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(iii) 'The traditional model of aging is the time 
bomb model. When you attain a certain age, you self- 
destruct.’ 

This seems to be a highly unrealistic model. The 
deaths due to old age (leaving out infant mortality and 
accidental deaths in young to middle ages) are due to the 
cumulative effects of certain processes, e.g. arterioscle¬ 
rosis, calcification, degeneration of tissues, growth of 
cells, etc. The total threshold levels of these disorders 
differ from individual to individual. Also, the rates at 
which the accumulation takes place differ according to 
the individual, according to environmental factors as 
well as according to the interventions carried out. So it 
does not sound at all likely that everyone carries one’s 
own time bomb which explodes at an unknown but pre¬ 
set time. In fact, as our discussion in the preceding sec¬ 
tion shows, it is fruitless to talk of the time of death of 
an individual prior to the event and try to devise a model 
and set rules for it. One can only view an individual as a 
member of a large ensemble and have laws of statistical 
nature for the ensemble as a whole. This aspect has been 
recognized by Curtsinger et al.^ when they quote that the 
maximum human life time may be described by a normal 
distribution with a mean of 85 years and a standard de¬ 
viation of 7 years. 

(iv) 'He said that the new findings supported the 
“spaceship model” that there is no fixed age at which 
everybody must be dead.’ 

Given a large population of like individuals, it is cer¬ 
tainly possible to find appropriate models for the distri¬ 
bution of the lifetimes in the population. The model 
could then provide a number T beyond which age life is 
extremely improbable: to any degree. It will not be pos¬ 
sible to guess accurately the life of any single individual 


at birth itself even if we have information on a large 
number of covariates. 

Concluding remarks 

Survival analysis and reliability are flourishing areas of 
statistics. They deal with statistical laws and procedures 
for deaths and lifetimes. An interplay between the 
mathematical models developed here and those devel¬ 
oped by biologists and engineers should lead to many 
more insights into the phenomena of life and death. 
However, accurate guessing of individual lifetimes 
would remain a mirage, outside scientific enquiry. 
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Antiquity of the plant kingdom and molecular 
world 


Arun Kumar Sharma 


Isotopic fossil and molecular data confirm the origin of primitive life forms up to 3.5 billion years 
ago. Eukaryotes are more allied to eocytes, the heat-loving and sulphur-metabolizing bacteria, 
than to the methanogens and halophiles, which evolved much earlier. The spurts in evolution in 
the Precambrian era were due principally to the endosymbiotic development of chloroplastids, 
multicellularity and sexual reproduction. The ancient molecule was RNA, possibly of a type simi¬ 
lar to transfer RNA. The primitive molecular world was of exons, with homogeneous coding. 
Possibly, the primitive protein was protamine. In the world of exons, the introns brought about 
reshuffling and recombination. It is proposed here that the intron sequences have been conserved 
because of their replication and properties of amplification, mobility and dispersion. 


The origin of eukaryotes, the development of land habit 
and the ancestry of higher plants are topics which have 
been extensively debated. The discussions on these is¬ 
sues go back in a large measure to the origin of life it¬ 
self Lately, the development of techniques of molecular 
analysis has provided relevant inputs to the study of 
phylogeny and evolution. Advances within the past few 
years have been rather spectacular and new ideas are 
coming up to explain the origin of life and its diversity 
of forms. 

Origin of eukaryotes 

It was deduced earlier that eukaryota is an extremely 
ancient group like eubacteria and archaeobacteria and 
these three kingdoms had differentiated independently 
from a common ancestor^’" (Figure 1). Archaeobacteria 
included the methanogenes and halophiles. Another the¬ 
ory visualized a sort of early dichotomy only between 
eubacteria and archaeobacteria, the present-day eukaryo¬ 
tes or rather eucarya being related to the latter^’^ (Figure 2). 

With the development of eukaryota, the initial branch 
of the tree was visualized to include aerotolerant anaer¬ 
obes living mostly as parasites. They possessed the nu¬ 
cleus and flagella but no mitochondria or chloroplastids, 
with similarity,more to prokaryotes than to eukaryotes. 
The middle branch, evolving later", had mitochondria 
which had developed through endosymbiosis, but there 
was no chloroplastid except in some euglenoids. The 
photosynthetic property was a late acquisition through 
endosymbiosis with a photosynthetic bacterium. Though 
aerobic, they could thrive under oxygen-poor 

Arun Kumar Sharma is in the Centre of Advanced Study, Department 
of Botany, University of Calcutta, Ballygunge Circular Road, Cal¬ 
cutta 700 019, India 


conditions as well"’"^. Finally, most of the diverse eu¬ 
karyotes formed a branched crown ranging from plas- 
modia to animals, fungi, green algae and land plants, 
including dinoflagellates. This was a period of tremen¬ 
dous spurt in evolution^’^. Evidences from molecular 


Eukaryota 

Archaeobacteria 
(including eocytes) 

_Eubacteria 

Figure 1. 



Ancestor 


Figure 2. 
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Archaeobacteria 

Eubacteria 


Figure 3. 


Figures 1-3. Different views of the origin of eukaryota. 
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analysis suggest a multiple origin of chloroplastids 
through independent symbiosis leading to brown algae, 
red algae, cryptophyceae and photosynthetic eugle- 
noids^. The sequence of branching within the crown is 
difficult to ascertain though, in general, photosynthetic 
types, except for the euglenoids, occupy the upper re¬ 
gion. Palaeontological and biogeochemical evidences 
suggest that eukaryotes belong to 1700-1900 millennia 
old ecosystems^. The oldest multicellular eukaryote 
which can confidently be assigned to a phylum is a red 
alga which existed 950-1260 million years ago. 

Lately, it has been reported that the unicellular organ¬ 
isms which can grow in extreme heat and metabolize 
sulphur - the eocytes - are the closest surviving bacte¬ 
rial relatives of eukaryotes, a class of cells which 
evolved more than 2 billion years ago^ (Figure 3). This 
theory differs from the one suggested earlier that the 
eukaryotes share a common ancestry with archaeobacte- 
ria, including methanogens, halophiles and eocytes. The 
present evidences indicate that eukaryotes share ances¬ 
try only with eocytes, and the archaeobacteria are more 
primitive^°. 

The earlier evidences were based principally on genes 
that code for RNA of ribosomes in eukaryotes, archaeo¬ 
bacteria and eubacteria^, including pathogens like E, 
coli. Current phytogenies of eukaryota depend primarily 
on small or large subunits of ribosomal RNA (rRNA), 
although 5s rRNA and a number of protein sequences 
provide additional proofThe similarity between 
eukaryotes and archaeobacteria is marked. But more 
evidences of affinity between eukaryotes and archaeo¬ 
bacteria are noted in their transcription systems. The 
TATA-binding protein (TBP) being essential for tran¬ 
scription in eukaryotes is considered as an ancient fea¬ 
ture. The structural and functional analysis of the 
protein of Pirococcus woessii, an archaeobacteria, 
shows homology to TBP protein^". On the contrary, ri¬ 
bosomes from eocytes are structurally more similar to 
eukaryotic ribosomes in ultrastructural pattern than they 
are to other bacterial ribosomes. Moreover, in one of the 
proteins EF-Tu, which is highly conserved, the 
sequences of 11 amino acids are almost identical in 
eocytes and eukaryotes. In other prokaryotes, the 
sequences are of four amino acids'"’ as in EF-G pro¬ 
teins. 

Arguments have been raised both for and against these 
theories. It has been argued that the DNA sequence data 
may not always present an accurate picture, as often 
shown by their negative evidences even in cases where 
phylogenetic relationship is unquestionably well- 
established from other lines of study. It is claimed that 
the protein patterns are more reliable than DNA se¬ 
quencing. An opposite view has been expressed^ on the 
basis that inserts often jump in and out of closely related 
genes, and insertions and deletions are not conservative, 
and may change the protein pattern. As such, the protein 
pattern may not give a true picture. In any case, the ar- 


chaeobacterial ancestry stood on solid ground till the 
sequence of amino acids in conserved protein in eocytes 
was analysed. The eocyte ancestry, as based on ultra¬ 
structure and amino acid sequences, has the weight of 
evidences in its favour. 

Evolution of land and seed habits 

It has so far been conjectured that land plants are almost 
500 million years old. The cyanobacteria in sea could, 
on the other hand, be traced to 3.5 billion years. The 
more recent evidences, however, indicate that a cover of 
green on land might have been present even 1.2 billion 
years ago^^ and not just 500 million years as presumed 
earlier. 

Indeed, it is paradoxical to visualize a completely bar¬ 
ren land 500 million years ago, while the sea was full of 
flora and fauna much earlier. This presumption has re¬ 
cently been proved to be correct from the data on iso¬ 
topes, which point to a massive amount of green stuff on 
the land, though not necessarily embryophytes, almost 
1.2 billion years ago^"^. However, the photosynthesizing 
stuff in the sea could be traced back up to 3.5 billion 
years^^. Moreover, it is also claimed that animals and 
fungi share a unique evolutionary history and that their 
last common ancestor was a flagellated protist similar to 
another protist, now extinct, the choanoflagellates^^. 

A vast range of new species of higher organisms could 
be traced in the 100 million years old geological belt. 
The evolution of life cycle, capable.of efficient energy 
utilization, and highly evolved pollination system, at¬ 
tracting insect pollinators, gave a selective advantage to 
the flowering plants over the ferns and gymnosperms. It 
has been presumed that by the last 80 million years, the 
vascular cryptogams were almost eliminated. But, about 
72 million years ago in the Wyoming belt, excellent old 
fern meadows dotted with palms have been recorded^^. 
At that time, angiosperms were no doubt profuse in their 
diversity, though not necessarily in the number of indi¬ 
viduals present in each species. 

The first step in the origin of land plants was the 
greening of land. The vascular plants colonized the ter¬ 
restrial habitat, providing a soft shaded environment 
with primary productivity^^. The next step in evolution 
was the emergence of the seed, through sexual repro¬ 
duction, in which a structure like the seed developed to 
give nourishment to the germinating embryo. 

All known seed fossils have a complicated pollen 
trapping mechanism at the seed apex. Galtier and 
Rowe^^ had later reported the occurrence of a seed-like 
body a few million years before the earliest fossil seeds. 
It had no pollen-trapping structure and there was no evi¬ 
dence of any entry of pollen to the female gametophyte. 
But the fossil was otherwise markedly different from 
living gymnosperms. This fossil occupies an intermedi¬ 
ate position between Bensonites and Archaeospenna, It 
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is not known whether it is a missing link in the forma¬ 
tion of seed habit. The mechanism of pollination too 
could not be worked out. There was the possibility that 
the seed fell on the soil, to be fertilized by motile 
sperm, or the pollen were trapped on the outer surface of 
the seed apex, resembling the deposition on the 
stigma of flowering plantsIn all probability, this dis¬ 
covery may suggest the polyphyletic ancestry of seed 
habit. 

In later years, the pace of evolution in land plants, in¬ 
cluding angiosperms, was analysed utilizing DNA se¬ 
quences of both nuclear and chloroplast genome. The 
rate of nucleotide substitution differs not only among 
nuclear and plastid genomes but also among diffe¬ 
rent groups of plants. It is assumed that monocots 
might have diverged approximately 200 million years 

19, 20 

ago ’ . 

Spurts in evolution 

A glance at the manifestation of evolution reveals an 
amazing series of events affecting evolutionary path¬ 
ways in unprecedented ways. One can trace, in general, 
a systematic progression through accumulated changes, 
resulting in biologically diverse forms appearing in 
nature. Such slow gradual changes undoubtedly 
characterize the normal method of evolutionary prog¬ 
ress. 

However, certain events often appear which are rather 
striking and stand as a landmark in the hierarchy of 
evolution. Such a rare event occurred at the transition 
from Precambrian to Cambrian, when there was a sud¬ 
den increase in the type of flora and fauna between 1.2 
and 1 billion years. This era was marked by three impor¬ 
tant biological processes, namely, acquisition of chlo- 
roplastids, multicellularity and sexual reproduction, a 
little later. The sequences, or more precisely regulatory 
systems, that genetically triggered multicellularity and 
sexual reproduction are still unknown. From a biological 
standpoint, such events surpassed in significance, plate 
movements, drifts in the continents or even periodic ice 
ages. 

While discussing the spurts in evolution, the tropical 
belt, which is extraordinarily rich in species,- assumes 
importance. This richness has been suggested to be due 
to the high rate of origin, acting as a diversity pump. 
Simultaneously, the low rate of extinction in the tropics 
serves as an intensity accumulator, leading to a wide 
range of biota. The combination of the two resulted in 
the richness of biological diversity in the tropics^^ As 
such, the tropics should be regarded both as a cradle as 
well as a museum of species. In tropical waters, the first 
appearances of marine orders of the postpalaeozoic era 
were recorded, further confirming the contention that 
tropical regions are major sources of evolutionary 
novelty. 


The primitive molecule 

One of the outstanding discoveries in the study of evo¬ 
lution has been the unravelling of the property of 
RNA^’^^, the primitive molecule. The RNA molecule 
can act not only as an enzyme by itself, the ribozyme, 
but it can also provide the template mechanism in the 
same system for replication, as seen in the case of te¬ 
lomeres of chromosomes^^’ Moreover, the recent dis¬ 
coveries of editing the sequences and altering gene 
expression at the RNA level of the organelle genome 
have added new dimensions to the RNA world^^. A sig¬ 
nificant portion of the mitochondrial genome undergoes 
RNA editing before translation. The process occurs in a 
highly regulated fashion through the mediation of guide 
RNAs^^. All these evidences indicate that the simple 
molecules of RNA are capable of autocatalysis and het¬ 
erocatalysis. The idea is gradually gaining momentum 
that with the origin of life, three to four billion years 
ago, the molecule which developed in that anaerobic, 
dark, hot and inhospitable world was RNA, from which 
the later forms of life, even DNA, developed. The most 
crucial issue, however, is: ‘When exactly did the RNA 
world come into existence and how long did it last?’ 
The modality of transition from RNA to DNA is a de¬ 
bated issue. 

The ancient RNA molecule was supposed to be stable, 
symmetrical, 50-100 residues long, rich in guanine and 
cytosine residues^^. It possibly had a homogeneous 
codon pattern with a comma-free read-off The primi¬ 
tive translational machinery considered likely was a 
tRNA-like structure, though not so complex“^’The 
transfer RNA has the unique and dual property of get¬ 
ting attached to nucleic acids and amino acids, transfer¬ 
ring information of the primary sequences of inert 
nucleic acids to linear structures of functional amino 
acids. The transfer RNA has thus been assigned a unique 
role in the pre-protein RNA world^^’ 

The ancient basic unit and the primitive translational 
machinery to synthesize protein did not require complex 
systems of ribosomes, RNA synthetases and protein 
factors^^. The RNA molecules with biased codons per¬ 
formed the crucial function of activating amino acids 
moving along the template RNA, maintaining comple¬ 
mentary pairing through 4-5 bases, and finally catalys¬ 
ing the formation of polypeptides by linking amino 
acids. It is also claimed that protamine is a genetic fossil 
of the primordial gene products'"". It is present in the 
nuclei of the sperm of vertebrates and is a highly DNA- 
binding basic protein, rich in arginine. The basic unit 
might ultimately have been a repetition of CGCAGG 
hexanucleotides, which served as the building block of 
the primitive gene while duplication and mutation re¬ 
sulted in a sequence similar to the protamine gene. It is 
suggested that the high GC content of the 120 nucleotide 
sequences of the protamine gene makes it chemically 
stable with high fidelity for replication. The basic 
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codons might encode glycine, alanine, valine, iso¬ 
leucine, serine, threonine and asparagine"'^. These amino 
acids are known to be synthesized abundantly by the 
sparking of a gas mixture which simulates the presumed 
composition of the ancient atmosphere. 

The role of exons and iiitrons in evolution 

It is suggested”^’ that genes were constructed 

from a surprisingly small number of genetic building 
blocks of RNA which existed even 3-3.5 billion years 
ago'^’'’^ Several thousands of these blocks, the exons, 
underwent shuffling and recombination in new ways 
during evolution and it is estimated that up to 7000 
exons were necessary to construct all the proteins^^. A 
reappraisal of this theory has been recently suggested, 
claiming the absence of any significant correlation be¬ 
tween the ancient protein and the exon-encoded modules 
of structure^^. The process was, at least at certain early 
stages, possibly facilitated by introns, the so-called non- 
essential sequences, the role of which has been much 
debated. The two contrary views can be summed up by 
stating that introns were either derived from transpos- 
able or parasitic elements inserted between unsplit 
genes’'^ or they are ancient, as old as the precellular life, 
and the genes were split from the beginning^^’'^'^. It has 
also been suggested that introns retained their primitive 
features and helped recombination of short exons'^®. By 
separating exons, acceleration of recombination through 
introns was further demonstrated, permitting the evolu¬ 
tion of new genotypes'^^ 

The antiquity of introns*'^ is indicated in the topo¬ 
graphical evidence that introns are found in the identical 
location on the genomes of distantly-related organisms 
such as corn, chicken and man. This fact is an index that 
such introns must have been inherited from a common 
ancestor. The critics of this theory, however, state that 
the vast majority of hundreds or thousands of introns are 
found in different positions even within plant genomes 
and identical locations represent exceptional cases. 
Moreover, introns are missing from many ancient organ¬ 
isms, including the earliest prokaryotes and some eu¬ 
karyotes"''. However, the loss of introns in several 
groups has been claimed as being due to selective 
streamlining for more efficient translation. Even in such 
distantly-related organisms such as corn, fungus, As¬ 
pergillus and chicken, the gene triose phosphate 
isomerase (TPl) has a total of 11 exons and 10 introns, 
though not in one organism. It is of interest that the an¬ 
cestral gene was claimed to include all those introns 
plus one extra intron. This was required to break up one 
of the exons that was much longer than the others in the 
genes of modern organisms. It was presumed that the 
missing intron might have been lost from the organisms 
studied, though the possibility of its retention in some 
organisms was suggested. A further report from C. Titti- 


ger of Queen’s University, Kingston, Ontario"^^’"^^, indi¬ 
cated the presence of an intron in the mosquito genome 
in precisely the predicted spot. However, an opposing 
view holds that introns could not have vanished over 
and over again and they might have been inserted later 
in a single group of eukaryotes. 

The introns have been classified in different catego¬ 
ries based on their modality of splicing, a good commen¬ 
tary of which has recently been published"^^. The 
contradictory views of early or late origin of introns can 
be reconciled by taking into account the different types 
of introns and their existence in geological ages. Certain 
types of introns might have evolved very early in evolu¬ 
tion whereas others evolved much later. The self¬ 
splicing introns found in leucine transfer RNA in some 
eubacterial systems'^^’ are undoubtedly very primitive, 
because of established antiquity of eubacteria. Such self¬ 
splicing introns often having mobility"^^’led later to 
the development of protein-spliced introns found in the 
common ancestors of archaeobacteria and eukaryotes, 
about 1700 million years ago. Further, the complexity of 
spliceosomal introns common to eukaryotes might have 
been the even later development through insertion into 
unsplit proteins. This assumption appears more rational 
than the other novel ideas''^, which, though possible, 
bristle with too much speculation. 

The intron sequences often have a high degree of re¬ 
peats. Such sequences have the property of amplification 
and mobilityTheir presence in identical sequences 
in different loci suggests the property of dispersion as 
well. Evidently, in a number of instances the sequences 
are repeated, have the property of mobility and are ca¬ 
pable of insertion at different loci. In view of the prop¬ 
erties of amplification, dispersion and mobility of such 
repeated sequences and the varying non-specific effects 
they produce in different organisms, the term dynamic 
DNA was proposed"*'^ The varying role of such reit¬ 
erated sequences, otherwise termed as dynamic DNA, is 
being realized more and more in recent years. 

These repeated sequences, which are often called non- 
essential, are present universally in major segments of 
chromosomes and are highly conserved. They are lo¬ 
cated in introns of genes which are considered as en¬ 
tirely non-essential. They occupy a significant portion of 
the gene,-are present in multiple copies and are capable 
of insertion at different sites. Introns have been found in 
all major groups of organisms, except in some bacteria. 

Though considered as non-essential, these sequences 
provide valuable clues to the study of evolution. The 
endosymbiotic concept of the origin of cell organelles 
visualizes the transformation of engulfed prokaryotes, 
either a photosynthetic or non-photosynthetic bacterium, 
into chloroplastids and mitochondria. The evidence of 
the prokaryotic origin of organelles is borne out by their 
70S ribosome, circular DNA and stacking pattern of 
lamellae^. However, subsequent discovery of intron se¬ 
quences and split gene in chloroplastids and mitochon- 
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dria posed problems in accepting this concept. Later, 
such sequences have been located in cyanobacteria^"^’ 
The homology of the introns of this group with those of 
chloroplastids of the alga Anabaena suggests their rela¬ 
tionship and presence of a common ancestor which has 
been maintained in their genome for at least one billion 
years"^^. This homology provides further support to the 
endosymbiotic origin of eukaryotic organelles from pro- 
karyotes^the evidence being provided by non-essential 
sequences of introns. 

Further evidences of the role of introns in the analysis 
of the ancestry of higher organisms are available. It is 
known that the land plants originated from aquatic an¬ 
cestors which were the inhabitants of intertidal marks, 
where sexual reproduction occurred mostly during high 
tide. Certain forms, in order to escape competition, es¬ 
tablished themselves on land, where sexual reproduction 
was possible only during rains or copious dew. Plants 
had then to develop the alternative method of increase 
of individuals through sporophytes. Later, the green al¬ 
gal group, the Charophyceae, were considered as the 
progenitors of land plants^"^. The origin of land plants 
through algal ancestors, though accepted, suffered from 
lack of evidence, since the connecting link between the 
aquatic and land plants could not be found. Lately, in- 
tron sequences from chloroplasts of algae like Coleo- 
chaete and Chara have been homologized with those of 
Mcirchantia^‘^. In fact, introns (Group II) were initially 
found in the chloroplasts of land plants. The later dis¬ 
covery of such introns in green algae brings the two 
groups together and confirms the lineage. Thus, the 
long-awaited gap between algae and land plants could 
be bridged through molecular evidences. Intron se¬ 
quences of Magnoliaceoiis chloroplastids also provide a 
clue to their ancestry. Even the human ancestry has been 
deduced from mitochondrial intron sequences^^. 

The highly conserved nature of intron sequences un¬ 
doubtedly calls for an explanation of their functions^^. 
Leaving aside the fact that these sequences are often 
composed of repeats, the dynamic non-specific property 
of which has been established, intron sequences per se 
undoubtedly help in bringing about recombination as 
already recorded. In different organisms, their role in 
promoting conversion has been proved. This function is 
in all probability a non-specific one. The specificity or 
non-specificity can be confirmed through genetic ma¬ 
nipulation, both horizontal and vertical. 

At any event, their role in recombination along with 
other properties appears to be established. It is, there¬ 
fore, not unlikely that in the ancient RNA molecule, the 
development of introns was favoured in selection, to 
meet the need of generating genetic diversity through 
mobility and recombination. This special property of 
introns, coupled with their capacity of amplification, 
acquired very early in evolution, has given to such se¬ 
quences a selective advantage, promoting conservation. 
Despite the fact that there might have been alterations in 


their sequences, these two essential properties of repli¬ 
cation and promotion of recombination have remained 
unaltered. Their universal presence even at identical 
sequences in widely different organisms not merely sug¬ 
gests the great antiquity of certain types, possibly as old 
as life itself, but also their role in generating diversity. 

In the RNA world, the introns, through readjustment 
of exons, have facilitated evolutionary advance to a 
marked degree. As a consequence, some of these so- 
called non-essential sequences have remained un¬ 
changed through geological ages and show homology 
across different groups of organisms. This is because of 
their selective value despite tremendous diversification 
of life forms in nature. In addition to such conservation, 
a significant portion of these sequences has undergone 
gradual changes in evolution, bringing about genetic 
diversity and regulating non-specific functions. Their 
conservation on the one hand and dynamism on the 
other prove their essential role in evolution. 

Conclusion 

Summarizing the data, it appears that the nearest rela¬ 
tion of modern-day eukaryotes might possibly be the 
eocyte-the heat-loving sulphur-metabolizing bacterium 
located very early in evolution. The present-day plants 
can be traced back up to 1.2 billion years. In the Pre- 
cambrian era, there was a tremendous spurt in evolution, 
principally due to multicellularity and sexual reproduc¬ 
tion, along with the acquisition of chloroplastids later. 
The primitive molecule of life is presumed to be a trans- 
fer-RNA-like structure capable of replication and pro¬ 
tein synthesis and the ancient protein the protamine. The 
ancient molecular world was composed of thousands of 
exons, mostly GC-rich hexanucleotides. Their reshuf¬ 
fling was facilitated through introns, which might sug¬ 
gest that the latter are equally ancient molecules. The 
intron sequences are often highly conserved and occur at 
identical locations in widely different organisms, both 
primitive and advanced. It is suggested that these in¬ 
trons, having the property of amplification, dispersion 
and mobility, i.e. the properties of dynamic DMA, have 
been conserved because of their selective value in eu- 
karyota in primarily controlling non-specific functions. 
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REVIEW ARTICLE 

Androgen receptor and the mechanism of 
androgen action 

M. K. Thakur 

Centre of Advanced Study in Zoology, Banaras Hindu University, Varanasi 221 005, India 


During the past two decades, a great deal of infor¬ 
mation has accumulated on the structure of andro¬ 
gen receptor (AR) and the mechanism by which it 
forms a complex with a steroid hormone and then 
interacts with DNA to regulate gene expression. 
Steroid hormones enter the cells by passive diffusion 
and activate their related receptors. The activated 
receptor binds to specific m-acting enhancer se¬ 
quences usually present in the 5'-flanking region of 


target genes and regulates transcription through in¬ 
teraction of the receptor with DNA, proteins and 
other transcription factors. Precursor mRNAs are 
synthesized, processed and translated to produce 
new proteins. As a result, the cellular f^unction 
changes. The present review summarizes our current 
knowledge of the structure of AR and its interaction 
with DNA to regulate the expression of specific 
gene(s). 
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Androgen is involved in growth, development, differ¬ 
entiation and reproduction. The hormonal signal is me¬ 
diated by the intracellular androgen receptor (AR) 
protein, which belongs to a superfamily of ligand- 
dependent transcription factors (TF). This family also 
includes other steroid hormones, thyroid hormone and 
retinoic acid receptorsThe subcellular localization of 
the unliganded progesterone, estradiol, glucocorticoid 
and androgen receptor is still debatable^. Immunocyto- 
chemical studies using intact and castrated rats reveal 
the presence of AR in the nucleus^. On the contrary, AR 
transiently overexpressed in monkey kidney COS cells is 
found to be localized in the cytoplasm or distributed 
over the cytoplasm and nucleus in the absence of ligand, 
and to be exclusively nuclear in the presence of andro- 

After synthesis in the cytoplasm, steroid hormone re¬ 
ceptors (SR) form transient complexes with a variety of 
proteins such as 90 and 70 kDa heat shock protein (hsp). 
This may promote proper folding and stability of the 
receptor molecule. Hsp 90 binding may also be closely 
related to receptor location. For instance, the SR asso¬ 
ciated with hsp 90 are recovered in the cytosol following 
the homogenization of tissue in a hypotonic solution but 
the receptors for thyroid hormone, retinoic acid and vi¬ 
tamin D 3 , which are not complexed with hsp 90, are 
primarily present in the nucleus. Other proteins such as 
59 and 23 kDa are also bound to nontransformed SR, 
although their role in the receptor function is not known. 
SR complexed with hsp and other proteins are usually 
unable to interact with DMA. However, the specific 
binding of the corresponding hormones dissociates re¬ 
ceptors from hsp and/or other proteins^. Antihormones 
also promote such disaggregation but they do not acti¬ 
vate target genes^^. The binding of SR to their cognate 
ligands exhibits great specificity. For example, AR has 
higher affinity for androgen and antiandrogen than for 
estrogen, progesterone and corticosteroidsFollowing 
the removal of hsp and other bound proteins, the recep¬ 
tor is ready for phosphorylation. The modified receptor 
ultimately binds tightly to DNA and a variety of other 
proteins and modulates the expression of genes 


AndrogeE receptor structure 

The structure of the AR gene and protein has been 
studied in detail with the help of advanced techniques of 
molecular and cell biology. AR has been located as a 
single-copy gene on the X-chromosome at Xqll-12 lo- 
cus^'^’ Though it spans over 90 kbp of length, less 
than 5% is translated into protein. It consists of eight 
exons and seven intervening sequences. The exons code 
for different domains of the receptor. The promoter of 
AR is characterized by a short GC box (--59/-32) and a 
long homopurine stretch (-117/-60). Two major tran¬ 
scription initiation sites (TIS) are located in a 13 bp 


region-TIS I (+1/2/3) and TIS 11 (+12/13). A single 
Spl binding sequence is present in the GC box. It is es¬ 
sential for initiation of transcription from the second 
site^^’ The cDNA sequence of human AR reveals an 
open reading frame of 2730 nucleotides encoding a 
protein of 910 amino acid residues with a molecular 
weight of 98.5 kDa^^~^^. The mRNA has a relatively 
long 6.8 kb 3'-untranslated region (UTR). Whereas 5'- 
UTR is involved in high-level expression of AR, the 
alternative splicing in 3'-UTR generates two mRNAs of 
11.0 and 8.5 kb sizes. 


Functioual domains 

Amino acid sequence comparison and deletion 
mutagenesis studies of AR have shown six domains 
(A-F) of varying homology (Figure 1). Three major 
domains are highly conserved: A or amino-terminal do¬ 
main, ATD (87%), C or central DNA-binding domain, 
DBD (100%) and E or hormone-binding domain, HBD 
(94%). Three other domains are less conserved: B 
(56%), D (38%) and F (41%). ATD is hydrophilic 
whereas HBD is hydrophobic. Both HBD and DBD are 
the most highly conserved between the same receptors 
from different species and between different SR of the 
same species”’’ 
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Figure I. Schematic repre.sentation of the organization of androgen 
receptor gene (upper panel). The eight exons (A~H) are shown by 
hatched boxes and seven introns (11-17) by lines, 5'- and 3'- 
untranslated regions (UTR) are located at both ends. The lengths of 
the exons (in nucleotides) are shown above the boxes. Approximate 
correspondence of the gene regions to different domains of androgen 
receptor and their functions (lower panel) is depicted. The figures 
below the line indicate the positions of amino acid residues and the 
figures below the regions (A~F) indicate the approximate numbers of 
amino acid residues in each domain. Two stretches of polyglutamine 
{gin) and polyglycine {gly) residues are shown in amino-terminal 
domain. ATD = amino-terminal domain; DBD = DNA-binding do¬ 
main; HBD = hormone-binding domain. 
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Amino-terminal domain 

This region is coded by a large 1589 bp exon El. Its 
size and amino acid sequence are highly variable among 
different domains of the receptor. Perhaps diversity in 
the structure of ATD enables the receptor to interact 
with a specific subset of TF. It is important since only a 
limited degree of specificity can be rendered by DBD. 
This might explain why glucocorticoid, progesterone, 
androgen and mineralocorticoid receptors all recognize 
the same response element but bring about diverse ef¬ 
fects in vivo. Thus, ATD has an important role in de¬ 
termining the specificity of gene activation. This domain 
consists of several homopolymeric amino acid stretches, 
e.g. three polyglutamine stretches with variable lengths, 
a long polyglycme stretch, a polyproline stretch of eight 
residues and a polyalanine stretch of five residues^^. The 
exact function of these amino acid repeats is unknown, 
though glutamine stretches are also present in proteins 
which are involved in developmental control and/or 
regulation of gene expression^"^. 

ATD is involved in the transactivation function (TAF- 
1) of the receptor“^. However, the exact nature and 
boundaries of putative transactivation domains are not 
well-defined. Using a series of deletion mutants of rat 
AR, transient expression condition in monkey kidney 
CV-1 cells and in vitro DMA-binding studies, Palvimo 
et al?^ have shown that a region of ATD (residues 147- 
296) is mandatory for transactivation. Receptors with 
deletions (residues 147-408) in ATD but with intact 
DBD and HBD interact in vitro with androgen- 
responsive element (ARE) albeit with affinities lower 
than that of the wild-type receptor. Thus, ATD has two 
important functions, viz. to provide gene specificity and 
to maximize the transactivation capability of the recep¬ 
tor: 


DNA-binding domain 

This is the most intensively studied domain. It consists 
of 66-68 amino acid residues and is coded by 152 bp 
exon E2 and 117 bp E3. Human AR reveals a strong 
homology (-80%) with glucocorticoid receptor (GR) 
and progesterone receptor (PR). It is characterized by a 
high content of basic amino acid residues and nine con¬ 
served cysteine residues. It has a compact globular 
structure with two fmger-like motifs. Both fingers con¬ 
tain one central Zn atom which interacts via coordina¬ 
tion bonds with four cysteine residues. The two zinc 
clusters are structurally and functionally different and 
are encoded by two different exons (E2 and E3). The 
loop of the finger consists of 12-13 amino acids and the 
two fingers are joined through a linker region of 15-17 
amino acids (Figure 2). 

Mutational studies have shown that three amino acid 
residues of the first zinc finger are responsible for spe- 
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Figure 2. Amino acid sequence of two zinc fingers in the DNA- 
binding domain of androgen receptor. Two zinc ions (Zn) are 
chelated in a tetrahedral coordination by two clusters of four cyste¬ 
ines (C1-C4 and C5-C8) forming two zinc fingers (finger 1 and 
finger 2), separated by 15-17 amino acid residues (linker). 


cific recognition of the DMA sequence of the respon¬ 
sive-element sequences"^. These three amino acid resi¬ 
dues {gly 568, ser 569 and val 572) are identical in AR, 
PR and GR but different in estrogen receptor (ER). Be¬ 
cause of this similarity, AR, PR and GR recognize the 
same responsive element. Each zinc finger is important 
for high-affmity binding to target DMA sequences, 
though the first finger plays a greater role in specific 
sequence recognition. The second zinc finger is proba¬ 
bly also involved in AR dimerization'^. Recently, Ded- 
har et al.'^ have demonstrated that DBD of AR and 
other known SR contains a conserved amino acid se¬ 
quence KXFFKR (where X is G, A or V) which interacts 
with the amino terminus of a calcium-binding storage 
protein called calreticulin. This interaction prevents the 
SR from binding to their specific response element. 
Thus, the modulation of the DNA-binding activity of SR 
by a calcium storage protein adds a new dimension to 
the mechanism of steroid hormone action. 

Hormone-binding domain 

It consists of approximately 250 amino acid residues in 
the carboxyl-terminal region. The coding information is 
distributed over five exons which vary in size from 131 
to 288 bp (part of E4, complete E5, E6 and E7, and part 
of E8). HBD is completely conserved between the hu¬ 
man, mouse and rat AR. This indicates that most amino 
acids in HBD are very important for AR function. 

It is suggested that a region in HBD is important for 
receptor dimerization. Leucine-rich regions, known as 
leucine zippers, are possible sites of protein dimeriza¬ 
tion^®. Such a structure is found at amino and carboxyl 
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termini of SR. However, their involvement in receptor 
dimerization is presently unclear. In the absence of hor¬ 
mone, HBD acts as a repressor of transactivation func¬ 
tion. Deletions in ATD and DBD do not affect hormone 
binding. By performing deletional analysis and using 
chimeras in which human ER HBD is linked to GAL4 
DBD, HBD has been shown to contain a hormone- 
inducible transcription activation function (TAF- 2 )^^ 
Human ER TAF~1 and TAF-2 act in a promoter- and 
cell-specific manner and activate transcription inde¬ 
pendently and synergistically. Domain-swapping ex¬ 
periments suggest that GR and ER HBD can be 
exchanged, resulting in regulated expression of the tar¬ 
get gene by an appropriate steroid and its respective 
receptor HBD^“. 

Mechanism of androgen action 

The action of androgen is mediated by AR, which is a 
signal-transducing protein. Following the activation of 
AR by binding to ligand, or by dissociation of hsp and 
other inhibitory proteins complexed to it, or by covalent 
modification like phosphorylation, the receptor under¬ 
goes conformational changes. 

Phosphorylation 

Phosphorylation of SR is an important means for the 
regulation of steroid hormone action. There is ample 
evidence suggesting that progesterone, glucocorticoid, 
estrogen, androgen and vitamin D 3 receptors exist as 
phosphoproteins in intact cells. Using partial proteolysis 
of AR and probing of phosphorylated fragments with 
polyclonal antisera raised against different epitopes in 
the amino terminus, Kuiper et alP found all the phos¬ 
phorylation sites between amino acid residues 1 and 300 
outside DBD and HBD. This region is also essential for 
the transactivation function of AR. Thus, it is likely that 
phosphorylation plays a role in transcription regulation. 
Furthermore, it has been demonstrated that the andro¬ 
gen-binding activity of rat ventral prostate AR is lost in 
ATP-depleted cells but is regained when ATP levels are 
restored^"^. In addition, the inhibition of endogenous 
phosphatase activity is correlated with increased hor¬ 
mone-binding activity of AR""^. These observations sug¬ 
gest that AR phosphorylation is required for hormone 
binding. However, the protein kinase catalysing the 
phosphorylation of AR has not yet been identified. 

Nuclear translocation 

Changes in the conformation of SR ultimately lead to 
translocation of the receptor into the nucleus. To pass 
through the nuclear membrane, SR harbour a nucleo- 
plasmin-like bipartite nuclear localization signal (NLS) 


in their hinge region (D) between DBD and HBD 
(residues 608-624). NLS is highly conserved among 
different members of the nuclear receptor family^^. Zhou 
et alP have recently mapped the NLS and established 
the minimal 4mino acid sequence required to detect nu¬ 
clear import of AR. Site-directed mutagenesis of human 
AR reveals a bipartite sequence that spans DNA binding 
and hinge regions from amino acids 617 to 633. The ; 
sequence. RKCYEAGMTLGA RKLKK . consists of two ; 
clusters of basic amino acids separated by a spacer of 10 
amino acid residues. Two mutations in each domain or 
three mutations in the right basic half result in undetect¬ 
able nuclear transport of the receptor. In contrast, single | 
amino acid changes or small insertions within the spacer 1 
region do not block nuclear targeting, suggesting that 
the spacer sequence is not crucial to target signal fiinc- |j 
tion. The presence of NLS is important for nuclear im- 
port of PR, ER, GR and AR^^. However, deletion of |i; 
NLS does not result in the exclusive cytoplasmic local- |: 
ization of PR and AR in the presence of hormone, indi- jj 
eating the complexity of NLS and/or the presence of i 
additional signals^^. | - 

. There are two mechanisms by which the ligand can | 
control the transport of SR across the nuclear mem- 
brane. Firstly, phosphorylation in or near NLS could be !:; 
involved in NLS-nuclear-pore interaction and conse- || 
quently nuclear import. Secondly, hormone-induced dis- j? 
sociation of heteromeric complexes of the receptor with iji 
hsps could expose the NLS, resulting in nuclear translo- ! 
cation. , 

Steroid-responsive elements ! 

\ 

Following activation and translocation of SR into the jj 
nucleus, the receptor becomes capable of binding to j 
specific sequences of DNA called steroid-responsive ( 
elements (SRE). In general, SRE are 15 bp consensus [| 

palindromic sequences composed of two half-sites of 
6 bp arms each arranged in a dyad axis of symmetry 
(inverted repeats) and separated by a central 3 bp spacer 
of random composition. Roche et alP used a DNA- i 

binding site selection assay to determine a consensus ; 

binding sequence for AR. ’ A purified fusion protein | 

containing DBD of AR was incubated with a pool of a j 

random sequence of oligonucleotides, and complexes i| 

were isolated by gel mobility shift assays. Individually '! 

selected sites were characterized by nucleotide sequenc- |i', 

ing and compiled to give a consensus ARE, l|i 

5'-GGA/TACANNNTGTTCT-3', similar to glucocorti- ii 

coid-responsive element (GRE). Identical sequences In’ 

have been found in many androgen-responsive genes'^’. !■ | 

The sequences neighbouring two 6 bp half-sites influ- il 

ence both the binding affinity of the receptor and the ;!■ 

functional activity of the response element. The SRE for '1 

GR, PR and AR share similarities in nucleotide se- ;| 

quence. One copy of SRE is usually sufficient to bring a | 
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promoter under moderate hormonal control and two or 
more copies often provide a synergistic response to the 
related hormone. 

Recent evidence shows that glucocorticoid, progester¬ 
one, estrogen and androgen receptors bind to their SRE 
as dimers, one molecule to each half-site. This interac¬ 
tion appears to be cooperative. Receptor dimers bind 
with greater affinity and stability to their SRE. Interac¬ 
tions between receptor dimers at separate SRE allow a 
higher-order cooperative interaction that stabilizes the 
two dimers into a tetrameric structure with a 100-fold 
greater affinity for its SRE than does a single dimer. 
Such protein-protein interactions may occur among ho¬ 
mologous or heterologous receptor complexes or recep- 
tor-promoter/TATA box complexes. These interactions 
stabilize TF at the promoters of target genes and thereby 
induce the formation of a stable preinitiation complex 
near the transcription start site. Receptors appear to en¬ 
hance transcription by stimulating the assembly of the 
preinitiation complex or by stabilizing general TF like 
TF IIA, IIB, IID, IIE/F, RNA polymerase, etc., at the 
TATA box directly"^^. Subsequently, the synthesis of 
new RNA and proteins is stimulated or repressed 
(Table and this ultimately leads to alteration in 

the functional activity of the cells (Figure 3). 

Involvement of chromatin 

High-affmity steroid-binding sites are tightly associated 
with the nuclear matrix of hormone-responsive tissues 
and these binding sites are diminished after the with¬ 
drawal of hormone^^. However, following the hormone 
treatment, DNasel hypersensitive regions appear in the 
vicinity of the regulated promoters^^. Also, the binding 
of SR to SRE results in removal or reorganization of 
nucleosomes^^’and exposure of adjacent binding sites 
for These observations suggest that steroid 

hormones act by altering the chromatin structure of tar¬ 
get genes. However, little is known on this aspect, pri¬ 
marily because of the lack of experimental tools to 
manipulate the complex structure of chromatin and test 
potential functions. 

Mutations in AR and the associated 
abnormalities 

Approximately 80 different mutations have been re¬ 
ported in the AR gene. These mutations are responsible 
for either complete or partial androgen-insensitivity 
syndrome (AIS)'^'’ ’I Most of these mutations are scat¬ 
tered over HBD and DBD, and some are found in ATD. 
So far no mutation has been detected in the AR pro¬ 
moter or 5'- and 3'-UTR. Studies on mutated AR help in 
the identification of key amino acids in different do¬ 
mains of AR and their specific physiological functions. 



Figure 3. Molecular pathway for steroid hormone action. S = steroid 
hormone; R = receptor; HSP = heat shock protein; SRE = steroid- 
responsive element. 


Table 1. Some androgen-responsive genes 


Responsive gene 

Target tissue 

Reference 

1. Genes whose transcription is stimulated by androgen 


Major urinary protein (MUP) 
Kidney-androgen regulated 

Mouse liver 

43 

protein (KAP) 

Mouse kidney 

44.45 

P-Glucuronidase (GUS) 

Mouse kidney 

46 

Mouse vas deferens protein 

Mouse vas 


(MVDP) 

deferens 

47 

Androgen-induced growth 

Mouse carcinoma 


factor (AIGF) 

cell line (SC-3) 

48 

Angiotensinogen 

Androgen-binding protein 

Rat kidney 

49 

(ABP) 

Prostatic steroid-binding 

Rat brain 

50 

protein (PSBP) 

Rat prostate 

51 

Acidic epididymal protein (AEG) 

Rat epididymis 

52 

Androgen receptor (AR) 

Rat penis 

53 

Kallikrein (KLK) 

Human prostate 

54 

Prostate-specific antigen (PSA) 

Human prostate 

55 

2. Genes whose transcription is repressed by androgen 

Senescence marker protein 


(SMP)-2 

Rat liver 

56 

Cytokeratin 8 

Rat prostate 

57 

c-myc Proto-oncogene 

Rat prostate 

58 

Sulphaled glycoprotein-2 

Rat prostate 

60 

Androgen receptor (AR) 

Rat prostate, 
testis and 
epididymis 

61 

Androgen receptor (AR) 

Rat seminal 



vesicle 

62 

Androgen receptor (AR) 

Human prostate 
cancer cell line 



(LNCaP) 

63 

Prostatic acid phosphatase (PAP) 

Human prostate 

55 

Gonadotropin a-subunit 

Human prostate 

64 


In addition, mutation analysis allows early detection of 
the defect, which has implications for potential treat¬ 
ment. 
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Three cases of naturally occurring mutations have 
been reported with partial or complete deletion of the 
AR gene resulting in complete AIS^^. In one person, the 
gene was completely deleted and in two other individu¬ 
als E5-E8 and E3-E8 were deleted. Each of these mu¬ 
tations inactivates AR function, even though some of the 
mutant AR binds to androgen. In a family with androgen 
resistance associated with hypospadias, 16-32 residues 
long polyglutamine stretch of ATD is reduced to 12 (ref. 
74). The shortened glutamine stretch increases the ther¬ 
molability of AR. On the other hand, in Kennedy syn¬ 
drome the length of the stretch increases^^ to 40-60. 
This increase seems to correlate with the severity of the 
disease^^. The Kennedy syndrome is a rare X-linked 
neurodegenerative disorder prevalent in men aged 30- 
40 years and is characterized by a progressive spinal and 
bulbar muscular atrophy associated with signs of andro¬ 
gen insensitivity and infertility^^’ 

Majority of point mutations occurring in DBD and 
HBD are missense mutations resulting in the synthesis 
of an AR which is unable to bind to its ligand. Mutation 
in E2 changes cys 550 to tyr, gly 559 to val and cys 567 
to phe^^, Cys 567 is one of the four conserved cys resi¬ 
dues which form coordination bonds with Zn atom. The 
mutated receptor displays normal binding to the ligand 
but has impaired biological activity. Sequence analysis 
has further identified the substitution of val 581 by phe 
in the first zinc finger and highly conserved arg 614 by 
his in the second zinc finger^^’^^ These mutations ren¬ 
der AR nonfunctional and result in complete AIS. Using 
single-strand conformation polymorphism (SSCP) assay, 
a useful screening method for rapid detection of nucleo¬ 
tide sequence alterations, and direct DNA sequencing, a 
G->T nucleotide substitution changing gly lAZ to val 
was found^^ in E5 at nucleotide 2590. A single amino 
acid change from met (ATG) 786 to val (GTG) leads to 
complete AIS^^. The mutation in E6 from thymine to 
guanine changes met 807 to arg. The mutated receptor 
binds to DNA in vitro but fails to transactivate^"^. In 
prostate cancer cell line, thr 868 is mutated to ala, 
leading to increased affinity of the mutant receptor for 
progesterone, estrogen and antiandrogens^^. This shows 
that thr 868 is essential for androgen-binding specificity 
and functional activity. Further investigations on muta¬ 
tions in different AR-associated forms of androgen resis¬ 
tance will help to unravel the molecular basis of 
androgen action in male physiology and pathology. 

Following the cloning of cDNAs for SR, a remarkable 
progress has been made during the past decade towards 
the understanding of the structure-function relationship 
of SR. However, a number of additional important 
questions remain to be answered. For instance, it is not 
known how receptor molecules distinguish between 
positive and neg'ative response elements and act accord¬ 
ingly to induce or repress the expression of hormone- 
responsive genes. Furthermore, it is essential to eluci¬ 


date the role that chromatin plays in the modulation of 
the expression of target genes. Intensive investigation in 
this field may lead to a deeper understanding of growth, 
maturity, reproduction and fertility, and development of 
new rational therapeutic and preventive approaches for 
genetic diseases. 
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fluid regimes during deep crustal 
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Orthopyroxene and wollastonite are critical minerals 
in the end-member models on granulite petrogenesis 
in the Earth’s deep crust, and are considered to be 
mutually incompatible. We report here the occurrence, 
mineralogy and chemistry of wollastonites from calc- 
silicates in a number of new localities of the Kerala 
Khondalite Belt, southern India, where they are 
associated with orthopyroxene-bearing charnockites. 
While the charnockite mineral phase equilibria con¬ 
strain Xco^ > 0.85 to drive the orthopyroxene-forming 
reaction, the presence of wollastonite in the calc-sili¬ 
cates requires Xco^ to be < 0.25. We provide mineral 
reaction and fluid inclusion evidence which suggests 
that wollastonite formation occurred under low Xco^ 
conditions during the prograde sector of a clockwise 
P-T path, whereas orthopyroxene stability and char¬ 
nockite formation resulted under anhydrous conditions 
through the structurally controlled influx of CO 2 along 
an isothermal decompression path. The wollastonite- 
and orthopyroxene-bearing assemblages described in 
this study have important implications in evaluating 
changing fluid regimes during deep crustal 
metamorphism. 


The nature and role of fluids in granulite facies environ¬ 
ment have been topics of debate, as they are crucial 
in evaluating the lower crustal and crust-mantle inter¬ 
action processes^'^ The stability of granulite facies 
minerals changes drastically with respect to change in 
fluid composition. For example, while orthopyroxene is 
stable only under anhydrous conditions, the stability of 
wollastonite requires hydrous environment. Therefore, 
wollastonite and orthopyroxene are considered to be 
incompatible under the same pressure-temperature-fluid 
(P-T-X) conditions^ 

The southern Indian granulite facies terrain has been 
central to the debate on the role of fluids in granulite 
genesis, especially anhydrous charnockites, and is 
regarded as a critical example of fluid-controlled granulite 
formation. The stability of anhydrous mineral assem¬ 
blages, particularly the presence of orthopyroxene in the 
charnockitic rocks in this terrain, is generally ascribed 
to dehydration induced by the influx of C 02 -rich fluids 


from sublithospheric sources*^^. The presence of arrested 
charnockites, i.e. patch and vein type of granulites 
developed within upper amphibolite facies gneisses, in 
many parts of the terrain have been cited as evidence 
for the external influx of C02-rich fluids^’ Quite contrary 
to this, granulite facies rocks in some other terrains, 
such as the Adirondacks in North America, have provided 
evidence for C02-absent (fluid-free) environment. These 
terrains principally associate calc-silicates particularly 
with the index mineral wollastonite^^^^". 

In this study, we report the occurrence of wollastonite 
from a number of calc-silicate localities in the Kerala 
Khondalite Belt in southern India. Importantly, in most 
cases, the calc-silicates are associated with orthopyroxene¬ 
bearing charnockites. These occurrences, therefore, con¬ 
stitute unique examples to evaluate diverse fluid proces¬ 
ses within the same crustal segment. 

Calc-silicates in the KKB 

The Kerala Khondalite Belt (KKB) represents a vast 
supracrustal sequence metamorphosed to the upper 
amphibolite to granulite facies. The dominant lithologies 
in KKB are garnet- and sillimanite-bearing aluminous 
granulites (khondalites), garnet- and biotite-bearing upper 
amphibolite facies gneisses (leptynites), and garnet- and 
orthopyroxene-bearing anhydrous granulites (charno¬ 
ckites). Interlayered with these, pyroxene granulites, 
quartzites and calc-silicates occur in subordinate amounts. 
The regional pressure-temperature conditions as esti¬ 
mated from mineral phase equilibria and fluid inclusion 
thermobarometers lie in the range of 700±50°C and 
5±lkbar^'^\ Charnockite formation in the KKB is 
exemplified by the patch, vein and lensoid development 
of granulite facies assemblages along mesoscopic faults 
and shears within garnet biotite gneisses, and has been 
linked to the channelled influx of CO 2 through structural 
pathways from sublithospheric sources^’^ ^ The fluid 
influx has also been shown to have resulted in the 
precipitation of isotopically heavy graphites in several 
localities*"^. 

Calc-silicates in the Kerala Khondalite Belt occur as 


CURRENT SCIENCE, VOL. 68, NO. 8, 25 APRIL 1995 


813 




RESEARCH ARTICLES 


minor lithological units as in other granulite facies 
terrains (e.g. Australia^ \ Antarcita^^, Eastern Ghats‘^, Sri 
Lanka^^). They form thin bands of varying thickness 
ranging from less than Im to more than 100 m. They 
occur as concordant layers commonly adjacent to char- 
nockites. The common mineral assemblage of these 
rocks is wollastonite + scapolite + clinopyroxene ± gar¬ 
net ± calcite ± quartz ± sphene ± graphite. Pressure-tem¬ 
perature conditions calculated from equilibrium mineral 
assemblages in the calc-silicates are concordant with 
the regional P-T regime of the terrain (Satish-Kumar 
et ai, in preparation). The calc-silicates also show 
textural evidence for metamorphic uplift along an isother¬ 
mal decompression path similar to the cordierite-bearing 
granulites of KKB^^ Unlike some of the examples in 
other terrains garnet is conspicuously absent in many 
of the KKB calc-silicates, which also supports an isother¬ 
mal P-T evolution for the terrain. 

Mineralogy and chemistry of KKB wollastonites 

Localities where wollastonite-bearing calc-silicates have 
been identified in this study are shown in Figure 1, 
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Phanerozoic Sediments 

□ Kerala Khondalite Belt 

Nagercoil block 

Madurai block 


INDEX 
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Figure 1. Generalized geological map of the Kerala Khondalite Belt 
showing the wollastonite-bearing calc-silicate locations reported in this 
study. Locations: 1 —Nuliyam; 2-Korani; 3 - Sankaramugham; 4 — 
Ambasamudram. Inset shows the tectonie framework of the granulite 
terrain of South India. 


and their salient field and mineralogical features are 
summarized in Table 1. 

Wollastonite in the KKB calc-silicates can be grouped 
into two types based on the field relations: the granular 
type and the vein type. Granular type occurs as polygonal 
to tabular grains in textural equilibrium with other phases 
such as clinopyroxene and scapolite. The veins and 
seams of wollastonite (e.g. Sankaramugham, cf Figure 1, 
Table 1) cut across the banding of calc-silicates. Woll¬ 
astonite from both examples can be identified in hand 
specimen by its brittle and fibrous character developed 
due to the pronounced prismatic cleavage, white to 
greyish-white colour and low hardness. In thin section, 
the wollastonites show elongated tabular nature, low 
birefringence and straight extinction. In terms of the 
optical properties, the two types of wollastonites are 
indistinguishable. It is observed that all the wollastonites 
in the KKB occur as discrete primary phase, as against 
the wollastonite coronas identified from some other 
granulite facies terrains'^. The common associated 
minerals are clinopyroxene, scapolite, quartz and calcite. 

Pure wollastonite crystals were hand-picked under a 
binocular microscope from crushed calc-silicate samples, 
and X-ray diffraction studies were carried out using a 
Rigaku X-ray powder diffractometer housed at the Osaka 
City University (CuKa target). The d spacings (cf. 
Table 2) correspond well with the range reported for 
the JCPDS standard (Table 2), and the wollastonite 
polytype is identified as triclinic ITr. 

We carried out electron microprobe analysis of woll¬ 
astonite from different locations in the KKB using a 
JEOL-MX 8600 Superprobe housed at the University 
of Kochi, Japan. The analyses were done with an 
accelerating voltage of 15 kV and a beam diameter of 
2-3 pm. Both natural and synthetic standards were used 
and oxide ZAP correction performed throughout. The 
analytical results are summarized in Table 3. Wollas¬ 
tonites in KKB are almost pure, and their chemistry 
compares well with that of wollastonites from other 
granulite terrains. The CaO and Si02 contents vary only 
marginally, and FeO and MnO are present only in minor 
amounts. 

Orthopyroxene and wollastonite-forming 
reactions 

Wollastonite-bearing calc-silicates in the KKB are often 
closely associated with orthopyroxene-bearing charnock- 
ites (cf. Table 1). In a typical example at Nuliyam 
(locality 1 in Figure 1 and Table 1), garnet- and 
biotite-bearing upper amphibolite facies gneisses show 
complete charnockitization at the contact with the 
calc-silicate layer, grading to incipient charnockites away 
from the contact‘^ Phase equilibria studies show that 
orthopyroxene formation in the charnockite occurred 
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Table 1. Field and mineralogical features of wollastonites from the Kerala Khondalite Belt, South India 


Location 
number (cf. 
Figure 1) 

Name of locality 

Mineral assemblage 

Associated rock type 

Wollastonite type 

1 

Nuliyam 

Wollastonite + diopside + 
scapolite ± K-feldspar ± 
calcite ± quartz ± graphite 

Massive charnockite grading 
to incipient away from calc- 
silicate contact 

Granular and vein type 

2 

Korani 

Wollastonite + diopside + 
scapolite + plagioclase ± 
K-feldspar ± calcite 
± quartz 

Massive charnockite 

Granular 

3 

Sankaramugham 

Wollastonite + diopside + 
scapolite 4 - plagioclase ± 
K-feldspar ± calcite ± 
gross ul ar ± quartz 

Metapelite khondalite 

Granular and vein type 

4 

Ambasamudram 

Calcite 4 - phlogopite 4 - 
diopside ± wollastonite ± 
tremolite ± humite ± 
scapolite ± graphite 

Gamet-biotite gneiss (lepty- 
nite) showing incipient 
chamockitization 

Granular and vein type 


Table 2. XRD data of wollastonites from the KKB 


Sample no. 

1 

2 

3 

4 

JCPDS 


26" 50" 

26"56" 

26" 48" 

26“ 40" 


20 

23“ 10^' 

23“ 08" 

23“ 10" 

23“12" 



25“ 20'' 

25“ 16" 

25“ 20" 

25“ 18" 



3.322 

3.315 

3.327 

3.322 

3.314 

d spacing 

3.839 

3.845 

3.839 

3.834 

3.83 


3.516 

3.525 

3.516 

3.52 

3.51 


Table 3. Representative microprobe analysis of wollastonite 

Location 

no. 1 

1 

3 

4 

2 

2 

Si02 

51.84 

51.84 

50.91 

51.88 

51.07 

51.20 

TiO, 

0.04 

0.04 

0.00 

0.00 

0.00 

0.03 

AloOj 

0.03 

0.01 

0.03 

0.00 

0.02 

0.02 


0.02 

0.02 

0.01 

0.00 

0.00 

0.00 

Fe^Oj 

0.00 

0.41 

0.62 

0.00 

1.01 

0.59 

FeO 

0.90 

0.43 

0.00 

0.38 

0.00 

0.00 

MnO 

0.06 

0.08 

0.36 

0.14 

0.09 

0.08 

MgO 

0.06 

0.03 

0.01 

0.04 

0.04 

0.00 

CaO 

47.48 

47.86 

47.73 

47.86 

47.51 

47.71 

Na,0 

0.03 

0.03 

0.02 

0.02 

0.04 

0.01 

k,6 

0.00 

0.00 

0.01 

0.01 

0.00 

0.00 

Total 

100.46 

100.75 

99.70 

100.33 

99.78 

99.64 


Cations on the 

basis of 6 

oxygen 

atoms 



Si 

1.999 

1.994 

1.983 

2.001 

1.985 

1.991 

Ti 

0.001 

0.001 

0.000 

0.000 

0.000 

0.001 

Al 

0.001 

0.000 

0.001 

0.000 

0.001 

0.001 

Cr 

0.001 

0.001 

0.000 

0.000 

0.000 

0.000 

Fe^^ 

0.000 

0.012 

0.018 

0.000 

0.030 

0.017 

Fe"'" 

0.029 

0.014 

0.000 

0.012 

0.000 

0.000 

Mn 

0.002 

0.003 

0.012 

0.004 

0.003 

0.003 

Mg 

0.003 

0.001 

0.001 

0.002 

0.002 

0.000 

Ca 

1.961 

1.972 

1.992 

1.978 

1.978 

1.987 

Na 

0.002 

0.002 

0.001 

0.001 

0.003 

0.000 

K 

0.000 

0.000 

0.001 

0.001 

0.000 

0.000 

scat 

4.000 

4.000 

4.009 

3.999 

4.001 

4.000 


through dehydration induced by the influx of CO 2 accor¬ 
ding to the following reaction: 

garnet + biotite + quartz <=> orthopyroxene + alkali 

feldspar + plagioclase 
+ ilmenite + H 2 O . (1) 

The Xco^ required to stabilize this reaction is computed 
to be >0.85 [ref. 18]. 

An identical dehydration reaction involving the break¬ 
down of garnet, biotite and quartz to produce ortho¬ 
pyroxene has been proposed for incipient charnockite 
formation in different localities of the KKB^~^. 

In localities where the bulk Mg/Fe composition of 
the host metapelite was high, cordierite is also recognized 
as a product phase along with orthopyroxene, according 
to the following reaction: 

biotite + garnet + quartz <=> orthopyroxene + cordierite 

+ K-feldspar + H 2 O. (2) 

Cordierite- and orthopyroxene-bearing charnockites 
occurring as vein and patch assemblages within garnet- 
biotite gneisses adjacent to the Achankovil shear zone 
in the northern margin of the KKB are considered to 
have resulted from the above reaction’^. Reaction (1) 
and (2) are essentially dehydration reactions, and under 
the pressure-temperature conditions defined for char¬ 
nockite formation, the should be of the order of 
0.2-0.3 in order for these reactions to proceed’’ 

On the other hand, the peak metamorphic assemblages 
in the calc-silicates of KKB indicate the following major 
reactions: 

calcite + quartz <=> wollastonite + CO 2 , (3) 

plagioclase + calcite <=> scapolite. (4) 
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The presence of wollastonite in the calc-silicates re¬ 
quires low Xco, conditions. The stability of wollastonite 
itself provides a constraint on the maximum Xqo^ through 
the reaction (3) above. At granulite facies pressure- 
temperature conditions, the wollastonite-bearing mineral 



Figure 2. T-Xcq^ diagram of the relevant mineral phases in the 
system CaO-Al^Oj-SiO-j-vapour at 5 kbars (ref. 27). 


assemblages will be stable in the presence of a fluid 
phase only if Xco^ around 0.25. This is further 
demonstrated in Figure 2, where the phase equilibria 
relations show that wollastonite and CO 2 are incompatible 
under normal pressure-temperature conditions recorded 
from different granulites. At high temperatures and low 
pressures, wollastonite can be stable at high Xqq^ con¬ 
ditions. At 700±50°C and 5 kbar, which is the general 
estimate for KKB^, wollastonite stability requires the 
^co, to lie between 0.1 and 0.22 (Figure 2). Also, it 
should be noted that wollastonite and scapolite cannot 
coexist at higher temperatures, and would react to form 
grossular. Grossular-forming reactions are high-tempera¬ 
ture decarbonation reactions^”, and the absence of such 
reactions in the KKB suggests that the calc-silicates did 
not act as CO 2 sources at peak metamorphism. 

Calc-silicates in the KKB host a variety of peak/post¬ 
peak metamorphic reaction textures. Some of these reac¬ 
tions post-date the granoblastic and layered fabrics of 
the main regional metamorphism., Most important for 
this study is reaction (3) above. In almost all cases, 
textural studies reveal that wollastonite, already formed 



Figure 3 a. Photomicrograph showing wollastonite (Wo) retrogressed to fine-grained calcite (Cc) and quartz (Qz) assemblage. Associated minerals 
are scapolite (Sep), clinopyroxene (Cpx), calcite (Cc) and sphene (Sph). Note that wollastonite and scapolite do not react to form grossular. 
The length of the photograph measures 5 mm. 
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Figure 3 b. High-density CO^-rich inclusions (arrow) associated with retrogressed calcite. Mineral abbreviations as in Figure 3 a. The length of 
the photograph measures 1 mm. 


during prograde metamorphism, is partially retrogressed 
to an assemblage of fine-grained calcite and quartz 
along grain boundaries (Figure 3 a), indicating the reverse 
reaction (1), where wollastonite breaks down to calcite 
and quartz in the presence of CO 2 . Interestingly, fluid 
inclusion studies reveal that such retrogressed areas 
associate trapped C02-rich fluids (Figure 3 b). 

Another important reaction texture displayed by the 
calc-silicates involve scapolite + quartz symplectites 
separating K-feldspar and wollastonite, suggesting the 
following reaction"^ 

wollastonite + K-feldspar + Na"^ (fluid) + CO 2 
^ scapolite + quartz + (fluid). (5) 

These textures collectively indicate that calc-silicates 
of the KKB evidenced ■ the external influx of CO 2 
subsequent to the formation of wollastonite. 

Discussion 

While C02-rich fluid inclusions associated with 
orthopyroxene-bearing charnockites from southern India 
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have been cited as examples for syn-metamorphic fluid 
influx^, the C 02 -rich fluid inclusions found in the woll- 
astonite-bearing granulites of Adirondack Mountains in 
North America support post-metamorphic fluid infiltra¬ 
tion^. Thus, orthopyroxene and wollastonite have been 
central to the debate over the timing and significance 
of fluid influx in granulite facies metamorphism and, 
consequently, the fluid processes in general in the Earth’s 
lower crust. 

Wollastonite- and scapolite-bearing assemblages in 
granulite terrains have recently been identified to be of 
critical importance in constraining the pressure-tempera- 
ture-fluid histories, based on mineral reactions and tex¬ 
tural characteristics*^. In crustal sections which have 
undergone isobaric cooling, garnet coronas commonly 
replace wollastonite-scapolite boundaries*", whereas the 
reverse is often found in terrains characterized by clock¬ 
wise P-T paths, where the rocks act as CO 2 sinks in 
the prograde sector"”. The KKB calc-silicates show 
pronounced absence of garnet-participating reactions, and 
the wollastonite retrogression is most probably brought 
about by external influx of fluids. These wollastonites 
display characteristic retrogression at grain boundaries 
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into calcite and quartz (cf. Figure 3 a). This suggests 
that has been enhanced during the cooling history 
of the terrain. High-density CO^-rich fluid inclusions 
observed in quartz as well as calcite associated with 
these wollastonites support this inference (Satish-Kumar 
et al., in preparation). 

An important problem arising from the above obser¬ 
vation is the timing of fluid infiltration, nature of fluids 
and mechanism of fluid transfer. Field evidence, impor¬ 
tantly the association of wollastonite-bearing calc-silicates 
with orthopyroxene-bearing charnockites in the KKB, is 
indicative of varying fluid conditions in adjacent 
lithounits, as wollastonite in the calc-silicate and hyper- 
sthene in the charnockite cannot be stabilized together 
in the same fluid condition at a given P-T environment. 

A possible explanation could be that wollastonite 
formed under regional metamorphism, and that CO 2 
infiltration and charnockite formation were post-peak, 
which occurred during isothermal uplift along a decom- 
pressional path. The infiltration of carbonic fluids, which 
was instrumental in charnockite formation, was essen¬ 
tially structurally controlled^ ^ The characteristic grain 
boundary retrogression in wollastonites from the KKB 
suggests that CO 2 infiltration was not copious enough 
to achieve complete retrogression. The possible reason 
for this is that calc-silicates often act as permeability 
barriers in fluid infiltration, that is, they act as fluid 
guides rather than fluid sources or pathways^'. From 
the textural and mineralogic evidence of wollastonites 
in calc-silicates of the KKB, it can be inferred that the 
fluids were largely internally buffered during peak 
metamorphism, and that channelled CO 2 infiltration 
occurred during the post-peak event, when the terrain 
underwent isothermal uplift. 

It can be argued that wollastonite formation in the 
calc-silicate and orthopyroxene formation in the char¬ 
nockite belong to two discrete metamorphic events. 
However, recent isotope geochronological data rule out 
this possibility. Sm-Nd and Rb-Sr mineral isochron 
studies from the regional metapelites (leptynites and 
khondalites) south of the Achankovil shear zone in the 
KKB, including the massive charnockites of the Nagerocil 
Block in the southern tip of Peninsular India, record a 
major Pan-African tectonothermal event, with regional 
metamorphism and terrain-wide rejuvenation^^"^"^, Sm-Nd 
mineral isochron ages of ca. 540 Ma and Rb-Sr mineral 
isochron ages of ca. 470 Ma were obtained from the 
metapelites of the KKB in a recent study^^, which 
closely compare with the Pan-African ages for incipient 
charnockite formation reported from the KKB as well 
as the adjacent terrains in Sri Lanka^^"^^. All these 
studies confkm that incipient charnockite formation 
occurred along the post-peak decompressional uplift path, 
when C 02 -rich fluids were introduced from external 
sources through structural pathways. 


In accordance with the above, we interpret that wollastonite 
formation in the calc-silicate and charnockitization of 
the adjacent gneisses occurred during the same Pan- 
African regional metamorphic event, but under varying 
fluid regimes. While wollastonite in the calc-silicate was 
stabilized under hydrous conditions during the prograde 
path of a clockwise P-T trajectory, orthopyroxene crys¬ 
tallization and charnockite formation occurred under 
anhydrous conditions during the structurally controlled 
influx of C 02 -rich fluids at the post-peak metamorphic 
stage, along the isothermal decompression segment of 
the P-T trajectory. One of the vital evidences for external 
CO 2 influx is that charnockite formation is also accom¬ 
panied by graphite precipitation and the heavier carbon- 
enriched stable isotopic signature of these graphites 
clearly attest to crystallization from fluids^^. 
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Molecular modelling of N-terminal region of 
human cardiac myosin light chain 2 induced 
during cardiac hypertrophy 
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Studies on the expression of phosphorylatable my¬ 
osin light chain 2 (MLC2) in the cardiac tissues ob¬ 
tained from patients with various cardiac anomalies 
have shown an increased expression of MLC2 in both 
atrial and ventricular biopsy tissues of patients with 
atrial septal defect and ventricular septal defect. 
Also, in an attempt to predict the three-dimensional 
structure and to identify the site of phosphorylation 
of the N-terminal region of this inducible human 
cardiac MLC2, a model has been proposed based on 
computer analysis. The proposed model has indicated 
that this phosphorylatable N-terminal region falls in 
the helical conformation and the possible site of 
phosphorylation could be serine 19, which is at the 
centre of the helix and might be involved in the con¬ 
formational changes during muscle contraction. 


Myosin, one of the major constituents of muscle fibre, 
consists of two myosin heavy chains (MHC), two alkali 
light chains (MLCl) and two regulatory phosphory¬ 
latable myosin light chains (MLC2)^ MLC2 has a char¬ 
acteristic hydrophobic head, as the N-terminal end, 
which binds to the actin during actomyosin complex 
formation. The regulation of myosin/actin interaction, 
crucial to force generation and enzymatic activity of 
myosin, is mediated by the regulatory light chains. 
MLC2 is phosphorylated by a Ca^^-stimulated light 
chain kinase and dephosphorylated by phosphatase C^. 
Phosphorylation-induced changes of MLC2 are evident 
in smooth and skeletal muscles. Phosphorylation of 
smooth muscle MLC2 leads to contraction and dephos¬ 
phorylation results in relaxation^’ In scallop adductor 


*For correspondence. 


muscle, MLC2 inhibits actin-activated myosin ATPase 
activity and this inhibition is relieved upon binding of 
calcium to myosin^. Removal of skeletal muscle MLC2 
is known to cause a decrease in V^ax of actin-activated 
myosin ATPase and its potention depends^’ ^ upon phos¬ 
phorylation of MLC2. In cardiac muscle, the precise 
role of phosphorylation of MLC2 in myosin/actin inter¬ 
action and subsequent ATPase activity is not known. 
The amino acid sequences derived from chicken; rat and 
human cardiac MLC2 genes share significant homology 
in the region of phosphorylatable serine and in the basic 

N-terminal region but are divergent in the C-terminal 
8-10 

region 

Recent studies have established that a significant 
increase occurs in MLC2 content and in the mRNA lev¬ 
els during myocardial hypertrophy in both rat and hu¬ 
man* Unlike MHC, changes in a-actin isoforms 
have also been observed both in rat and human during 
cardiac hypertrophy. Thus, study of the role of MLC2 in 
actin/myosin interactions may suggest the underlying 
pathogenetic mechanisms during cardiac hypertrophy. 
Presently, in order to see whether MLC2 expression is 
induced invariably in all cardiac anomalies leading to 
hypertrophy, the expression of MLC2 in cardiac tissues 
of patients with hypertrophic heart in various cardiac 
disorders has been studied. These studies have demon¬ 
strated that the expression of MLC2 is induced in both 
atrial and ventricular tissues of patients with various 
cardiac anomalies. 

This along with the information of sequence homol¬ 
ogy of the N-terminal region of cardiac MLC2 of rat and 
human led us to make an attempt on the structural stud¬ 
ies of the phosphorylatable N-terminal region of MLC2 
in order to gain an insight into the role of phosphoryla- 
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tion of MLC2 in myosin-actin interaction and subse¬ 
quent ATPase activity. 

Materials and methods 

Biopsy samples of cardiac muscle tissues from patients 
with atrial septal defect (ASD), ventricular septal defect 
(VSD), mitral valve stenosis and infective endocarditis 
were collected during surgical correction. Normal sam¬ 
ples were collected at autopsy from healthy persons who 
died due to traffic accidents. Clinical diagnosis in pa¬ 
tients was confirmed by 2D echocardiography and/or 
angiocardiography. 

Probe used 

The 769 bp EcoRI fragment corresponding to the 166 
amino acid coding for human cardiac MLC2 cDNA^^. 


Database used 

Brookhaven Protein Data Bank (PDB)^^. 

Software used 

Genetics Computer Group (GCG) Version 6.2 (ref 16) 
and in-house developed software. 

Computer used 
Microvax 11. 


RNA preparation 

Total cellular RNA was isolated from cardiac tissues by 
the guanidlnium thiocyanate method of Chomczynski 
and Sacchi^^. The RNA was precipitated with isopro- 
panol, washed twice with 80% ethanol and dissolved in 
DEPC-treated 2 mM EDTA (pH 8.0) solution. 


Slot—blot hybridization analysis 

From the total RNA isolated from each tissue 12 pg was 
taken in 6x SSC buffer, denatured and three different 
concentrations (2, 4 and 6 pg) were loaded onto the ny¬ 
lon membrane by using BRL Hybrid Slot-blot appara¬ 
tus. RNA in the membrane was UV-cross-linked for 
3 min in a UV transilluminator. The filter was prehy¬ 
bridized for 4 h at 42°C in 6x SSC, 50% formamide, 
10% dextran sulphate and 5x Denhardfs solution. Hy¬ 
bridization was carried out in the same solution with the 
addition of ^¥-labelled human cardiac MLC2 cDNA 


probe. The filter was washed successively in 2x SSC 
with 0.1% SDS and lx SSC with 0.1% SDS for 30 min 
at 42°C, followed by a stringent wash in 0,1 x SSC with 
0.1% SDS for 10 min at 42°C. The filter was then air- 
dried and autoradiographed at -70°C for 48 h. 


Labelling 

The 769 bp EcoRI fragment of human cardiac MLC2 
was labelled with a-^“P-dCTP (3000 Ci/mmol) using 
Pharmacia Oligolabelling Kit. 


3D model prediction 

By using in-built programs like wordsearch^^, Gap^^, 
Fasta^^ and Bestfit, the sequence homology search was 
done for the first 25 amino acid residues of the N- 
terminal region of human cardiac MLC2, which read as 
follows: 

‘MAPKKAKKRAGGANSNVFSMFEQTQ’. 






#'V i"- 



WEK 


t$:' f: 












Tissue 


Figure 1. Total RNA isolated from atrial and ventricular biopsy 
tissues of patients with different cardiac anomalies were blotted as 
three different concentrations (3, 6 and 9 pg) and hybridized with 
^^P-labelled human cardiac MLC2 cDNA probe. The filter was au¬ 
toradiographed for 48 h at ~10°C. 
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The PDB coordinates were extracted for the re¬ 
quired proteins and their respective ^ and y/ angles 
were calculated using in-house developed Fortran pro¬ 
grams. The figures were drawn using GKS Pluto pro¬ 
gramme. 

Results 

Increased synthesis of messengers for ventricular MLC2 
has been observed in the pressure-overloaded, hypertro¬ 
phied rat heart^^’^". An increased level of MLC2 mes¬ 
sages has been observed in the left human atria of 
patients with mitral valve stenosis and pressure over¬ 
load These reports prompted us to analyse the level of 
MLC2 mRNA in the biopsied tissues obtained from pa¬ 
tients with ventricular and atrial septal defect and with 
mitral valve stenosis. The total RNA isolated from the 
atrial and ventricular tissues was blotted onto a nylon 
membrane and hybridized with ""^P-labelled human ven¬ 
tricular MLC2-specific cDNA probe. The results show 
(Figure 1) a very high intensity of hybridization signals 
in atrial and ventricular biopsy tissues obtained from 
patients with ASD or VSD compared to that of normal 
samples. In a 17-year-old patient with defined hypertro¬ 
phy of left atria, the messengers level for MLC2 was 
very high. All other atrial samples obtained from fe¬ 
males of different groups showed almost equal intensity 
of signal, except for a 7-year-old female, who had a mi¬ 
tral valve defect due to infective endocarditis. Similar 
results were obtained in ventricular samples of patients 
with VSD. 

The above observations clearly demonstrate that the 
induction of MLC2 is a common event during myocar¬ 
dial hypertropy in both rat and human and may play an 
important role in myosin/actin interaction and subse¬ 
quent ATPase activity. In a recent publication^^ one of 
the present authors has elucidated the amino acid se¬ 
quence of human cardiac MLC2 based on the nucleotide 
sequence and compared it with the amino acid sequence 
of rat MLC2. This comparison has indicated that they 
share 92.2% sequence homology with the conservation 
of their N-terminal regions. Further, for the serines pre¬ 
sent at positions 15th and 19th, which may bring about 
the conformational changes upon phosphorylation in the 
N-terminal region of human cardiac MLC2, a theoretical 
three-dimensional structure was predicted. 


Table 1. Number {n) of coordinates containing proteins matched to 
each fragment 


SI. No. 

Fragments 

n 

1 

MAPKKAKKRA 

10 

2 

RAGGAN 

9 

3 

GGANSNVFS 

16 

4 

NSNVFSM 

10 

5 

SNVFSMFEQTQ 

11 


2LIV 

ADH 

ADH 

PFK 

2SEC 

2SEC 

2SEC 

2SEC 

2PFK 

LTV 

APR 

APR 

ISBC 

ISBC 

ISBC 

ISBC 


AFK 

MIR 

MHR 

2SNI 

2SNI 

2SNI 

. 2SNI 





ISBT 

ISKT 

ISBT 






; 

2PRK 

I 


-68 

-71 

-70 

-81 

-93 

-86 

173 

152 

-11 

-28 

-35 

-25 

128 

-26 

-158 

-169 

SD 12 

5 

2 

10 

6 

10 

3 

6 

4 

8 

2 

2 

7 

8 

9 

8 


--S-:-- 


2SEC 

2SEC 

4CPA 

4CPA 

4RHV 

2PRK 

4CPA 

2CPP 

.ISBC 

ISBC 

2SEC 

4TPI 

2BDS 

2GDI 

2PRK 

2CYP 

2SNI 

2SNI 


5TMN 

4GPD 

4TPI 

2CTS 



ISBT 


2CTS 

2AZA 

5TMN 

2GDI 



1 


2CPP 

1 

1 

I 


-161 

-115 

65 

-55 

-146 

-64 

-69 

-112 

154 

135 

5 

-30 

151 

-35 

-35 

127 

SD 6 

12 

12 

5 

8 

7 

3 

8 

5 

1 

5 

3 

4 

3 

8 

1 


.S-M-F-E-Q-T-Q- 


5PAD 

5CPA 

5TMN 

5CPA 

2CPP 

2crs 

2CTS 

2crs 

2CPP 

2crs 

2PRK 

4GPD 

5PAD 

2AZA 

2SEC 


2CPP 

2CPP 

; 

2CPP 

2GDI 

2SEC 

2SEC 

2APR 

2crs 

; 



"j 



2SSI 

2PRK 



1 



I 



4APE 

2SSI 



; 



; 



! 

2CPP 






! 


-53 

-78 

-61 

-106 

-71 

-84 

-54 

-60 

-50 

-66 

-49 

-134 

-36 

121 

-25 

-40 

-45 

-27 

-44 

-42 

SD 11 

13 

4 

9 

3 


0 

12 


22 

7 

9 

7 

8 

12 


2 

17 


8 


SD = Standard Deviation from the Mean Value. 

Figure 2. Conformational tree showing conformational preference 
of ammo acids in the best aligned proteins. 



Figure 3. Coni'ormational model 1. Backbone atoms alone are 
shown and C„’s are numbered according to the sequence. 


For this purpose, the first 25 amino acid residues of 
the N-terminal region of human cardiac MLC2 were 
compared with the amino acid sequences of 560 proteins 
in Brookhaven Protein Data Bank (PDB)^^. Only a few 
fragments showed maximum similarities with the exist¬ 
ing proteins. Interestingly, these fragments do contain 
superimposable regions. Such fragments are shown in 
Table 1. Some of the fragments in Table 1 do show per- 
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l isiiire 4. Conl'ormational model 2. Backbone atoms alone arc 
shown and are numbered according to the sequence 



I*i”lire 5. Conl'ormational model 3. Backbone atoms alone arc 
shown and Ca’s are numbered according to the sequence. 



Figure 6. Phosphate group on S15 in model 2. The phosphate group 
is indicated as P. 


Figure 7. l^hosphate group on SI9 in model 2. The phosphate group 
is indicated as P. 



Figure 8. Phosphate group on SI5 in model 3. The phosphate group 
IS indicated as P. 

feet matches (fragments 2 and 4) and some other frag¬ 
ments have more than 60% match with the rest of the 
amino acids having complementarity (fragments 1, 3 and 
5). This table is restricted only to proteins having crystal 
structure coordinates. In a protein structure, the 
Ramachandran’s peptide conformational angles (^, y/) 
play a crucial role in determining the three-dimensional 
structure"^’ The Ramachandran angles were computed 
for the best aligned fragments from the existing crystal 
structure data. Since the first four amino acids M, A, P 
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Figure 9. Phosphate group on S19 in model 3. The phosphate group 
is indicated as P. 


and K do not have sufficient data from sequence align¬ 
ment for valid interpretation, and because of their occur¬ 
rence at the N-terminal tail end, these four amino acids 
are left as a loose fit in our modelling. 

In the model building, the conformational angles were 
calculated (based on the sequence similarity) from the 
PDB data files, which contain cartesian coordinates of 
the protein atoms. The proteins which contain maximum 
sequence similarity were used in the calculation of (^, 
y/) angles and the conformational tree is constructed 
based on the predominancy of the occurrence of (^, y/) 
angles together with the corresponding proteins. This is 
shown in Figure 2. The results indicate that most of the 
amino acids do favour a single conformation, with the 
exception of five amino acids: N14, N16, V17, FI 8 and 
SI9. These five amino acids favour two different con¬ 
formations which lead to the possibility of generating 2^ 
models (32 models) for the backbone. Though the num¬ 
ber of possible models is 32, a few models were selected 
based on the dominant conformational preference and 
favourability of regular structures such as helical and (3- 
sheets. Such models are shown in Figures 3 to 9. Model 
1 (Figure 3) has two helices (5-8, 20-25) and two sheets 
(8-12, 15-20) flanked in between by a turn (12-15). A 
cursory look at the conformational tree (Figure 2) indi¬ 
cates that though N16, VI7, FI8 and S19 favour two 
conformational angles, one of them always falls in the 
helical region {(j) value in the range -61 ± 8° and y/ 
value in tire range 32 ± 7°). If this is considered as fa¬ 


voured conformation then the region of amino acids S15 
to Q25 will tend to form a long stretch of helical struc¬ 
ture. This is shown as model 2 (Figure 4). In this model 
the residues 8th to 12th tend to fall on a sheet structure, 
but N14 has two possible conformational preferences 
and hence can orient the helical structure in two differ¬ 
ent ways with respect to the p-sheet (Figures 4 and 5). 
Figure 5 corresponds to conformational model 3. The 
interesting feature of this model is that the serine 19 
(SI9) falls in the middle of the helical structure and 
serine 15 (SI5) at the base of the helix. Since models 2 
and 3 have a long stretch of helical structure, which will 
lead to structural stability, one can conclude that models 
2 and 3 will give the preferred structure for MLC2 
rather than model 1. 

In order to study the effects of phosphorylation of S15 
and S19 on the structural modification, phosphate 
groups were incorporated into models 2 and 3 without 
stereochemical constraint to the backbone. This is 
shown in Figures 6-9. This model indicates that the 
phosphate group added to S15 just hangs outside and no 
way can it push the side-chains of the nearer amino 
acids apart. In the case of SI9, though the added phos¬ 
phate group, being at the centre of the helix, does not 
have stereochemical clash with the backbone, there is a 
possibility that it can push some of the side-chains 
nearer to it. Thus, phosphorylation of MLC2 at 
S19 rather than at SI5 may be involved in the confor¬ 
mational changes during contraction and relaxation 
cycle. 

Discussion 

The changes in the levels of ventricular MHC isoforms 
that occur during the development and chronic overload¬ 
ing of heart in rats have been accounted for by the 
changes in the levels of respective mRNAs“^. The previ¬ 
ously reported increase in the rate of incorporation of 
^li-leucine into the phosphorylated form of MLC2 in 
pressure-overloaded hypertrophic hearts in rats^^ has 
also been shown to be due to the increase in the levels 
of MLC2 mRNA^^ A similar increase in the mRNA 
levels of skeletal a-actin occurs in adult rat heart after 
aortic stenosis^"*. Although distinct MLC2 isotypes have 
previously been reported in human adult right and left 
atria, the left atrium contains an additional ventricular 
type MLC2. Stenosis of the atrial valve causes marked 
elevation of left atrial pressure and subsequent atrial 
hypertrophy. In patients with such a condition of steno¬ 
sis of left atrium valve, significant amount of ventricular 
MLC2 isoform has been identified^'^. Cummins^^ ob¬ 
served an apparent transition in terms of MLC2 com¬ 
position from atrial to ventricular type in the left atrium 
of patients with mitral valve stenosis and subsequent 
hypertrophy. Such a transition has also been observed in 
developing human heart^^. 
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Cummins’ observation is substantiated by the present 
observation of increased ventricular MLC2 transcripts 
not only in the atrial samples from patients with atrial 
septal of ostium secundum type, but also in the left ven¬ 
tricular samples from patients with mitral valve stenosis. 
In fact, except in the case of infective endocarditis, in 
all other defective hearts the level of MLC2 transcripts 
is elevated both in ventricular and atrial samples. This 
suggests an activation of MLC2 gene in the heart under 
various defective conditions with resultant hypertrophy, 
which may either be an adaptive response or a patho¬ 
logical phenomenon. The functional significance of such 
an activation of the regulatory (MLC2) gene in various 
diseased hearts is not clear. 

The observation of uniform expression of MLC2 in 
hypertrophic hearts along with the sequence similarity in 
rat, human and chicken in the N-terminal region sug¬ 
gests that MLC2 may have a uniform structural depend¬ 
ence for a presumed function of contractile regulation 
during actoniyosin interaction. MLC2 has a characteris¬ 
tic N-terminal end which binds to the actin in the ac- 
tin/myosin ATPase complex. Electron microscopic 
observations have shown that both the N- and C- 
terminals of MLC2 are located in close proximity to 
each other on the heavy chain“^. Using cysteine mutants 
of recombinant MLC2, it was established that the bulk 
of MLC2 is located within a region about 3 nm long at 
the head/rod junctioir^’Recently,' Wadgaonkar et 
have identified a highly conserved central domain 
of 20 amino acids in human cardiac MLC2 which appar¬ 
ently participates in the MLC2/MHC interaction. How¬ 
ever, the role of MLC2 in muscle contraction is not yet 
fully understood. It has been reported that in smooth 
muscles MLC2 phosphorylation increases the ATPase 
activity^’However, in skeletal muscles, phosphoryla¬ 
tion of MLC2 leads to downward modulation in the ac- 
tomyosin turnover rate“^. The regulatory light chain is 
required for folding of the smooth muscle myosin. 
Phosphorylation of smooth muscle MLC2 at serine 19 
by MLC kinase favours unfolding of the myosin taif^. 
Amino acid comparison analysis of rat and human car¬ 
diac M1LC2 reveals the significance of preserving the 
15th and 19th serine in the N-terminal region, which 
may be involved in the conformational changes during 
the contraction cycle. Although rat cardiac MLC2 has 
few more serines »at positions 14th and 2nd, this may 
remain unimportant as these positions are changed to 
(A) and (N) in human cardiac MLC2, The phosphoryla¬ 
tion of MLC2, that occurs at the N-terminal serines, may 
either be specifically restricted to the 15th and 19th 
serines or the phosphorylation of serines at the 14th and 
2nd position may not be of functional significance. This 
is further substantiated by the fact that in chicken too 
the serine at position 14 is changed to (N) as in the case 
of humanThe conformational changes which may be 
induced by the phosphorylation of serines at positions 
15th and 19th may be quite different from each other, as 


the serine residue at the 15th position is internal and that 
at the 19th is an external residue. 

An interesting finding of our study is the conforma¬ 
tional preference of amino acids when they occur in a 
particular sequence. A set of five amino acids spanning 
the region of phosphorylation showed ambiguity in con¬ 
formational preference. They preferred either p-sheet or 
a-helical conformation. But the preference for a-helix 
by these amino acids leads to a long stretch of helical 
structure for MLC2 and hence the favoured conforma¬ 
tion (models 2 and 3). Adding a phosphate group to S15 
(base of the helical structure) may not allow the side- 
chains of the nearer amino acids to be pushed off On 
the other hand, a phosphate group added to S19 can 
push the side-chains of some of the neighbouring amino 
acids because of its occurrence at the centre of the long 
stretch of helical structure. By comparing the conforma¬ 
tional requirement of myosin light-chain kinase 
(MLCK), the question of whether the addition of phos¬ 
phate group is to SI5 or to S19 was resolved based on 
the generated model of the long stretch of helical con¬ 
formation. MLCK is known to have three functional 
regions, viz. connecting peptides 774-788, pseudosub¬ 
strate 787-807 and calmodulin binding region 796-813. 
Among these regions, the amino acid residues 769-807 
tend to perform a dual function as calmodulin as well as 
pseudosubstrate binding sites and this region tends to 
form a helical structure^^ Our model predicts that 
MLC2 tends to fall in the helical conformation like the 
pseudosubstrate. Our proposed models do indicate that 
the most probable candidature for phosphorylation is 
SI9, which is present at the centre of the helix and 
might be involved in the conformational changes during 
muscle contraction. 


1. Weeds, A. G. and Lowey, S., J. Mol. Biol., 1971, 61, 701-725. 

2. Reinach, F. C., Nagai, K. and Kendrick-Jones, ,1., Nature, 1986, 
322, 80-83. 

3. Hartshorne, D. J., in Physiology of the Gastrointestinal Pact 
(ed. Johnson, L. J.), 2nd edition. Raven Press, New York, 1987, 
pp. 423-482. 

4. Resink, T. J., Gavers, W., Noakes, T. D. and Opie, L. H., J. Mol. 
Cell. Cardiol., 1981, 13, 753-765. 

5. Kendrick-Jones, J., Szentkiralyi, E. M. and Szent-Gyorgi, A. G., 
J. Mol. Biol., 1976, 104, 747-755. 

6. Margossian, S. S.,/ Biol. Chem., 1985, 260, 13747-13754. 

7. Pemrick, S. M., J. Biol. Chem., 1980, 255, 8836-8841. 

8. Arnold, H. H., Krauskopf, M. and Siddiqui, M. A. Q., Nucleic 
Acids Res., 1983, 11, 1 123-1131. 

9. Kumar, C. C., Cribbs, L., Delaney, D., Chien, K. R. and Sid¬ 
diqui, M. A. Q., J. Biol. Chem., 1986, 261,2866-2872. 

10. Wadgaonkar, R., Shafiq, S., Rajamanickam, C. and Siddiqui, M. 
A.Q., Cell Mol. Biol. Res., 1993, 39, 13-26. 

11. Kwiatovvska-Patzer, B., Prior, G. and Zak, R., in Advances in 
Myocardiology (eds Chazov, EY, Saks, V. and Rona, G.}, Ple¬ 
num, New York, 1983, vol. 4, pp. 183-188. 

12. Kumar, C., Saidepet, C., Delaney, P., Mendola, C. and Siddiqui, 
M.A. Q.,Circ. Res., 1988, 62, 1093-1097. 

13. Shi, A., Daniiczyk, U., Wang, J., See, Y. P., Williams, W. G., 
3’ruslcr, G. A.. Beaulieu, R., Rose, V. and Jackowski, G., Circ. 
Res., 1991, 69, 1601-1607. 


824 


CURRENT SCIENCE, VOL. 68, NO.8, 25 APRIL 1995 



RESEARCH ARTICLES 


14. Cummins, P., in Prospective in Cardiovascular Research 
(ed. Alpert, N. R.), Raven Press, New York, 1983, vol. 1, pp. 
417-423. 

15. Bairoch, A. and Boeckmann, B., Nucleic Acids Res., 1992, 20, 
2019-2022. 

16. Doverue.v, J., Nucleic Acids Res., 1990, 12, 387-395. 

17. Chomczynski, P. and Sacchi, N., Anal. Biochem., 1987, 162, 
156-159. 

18. Wilbur, W. J. and Lipman, D. J., Proc. Natl. Acad. Sci. USA, 
1983, 80, 726-730. 

19. Needleman, S. B. and Wunsch, C. D., J. Mol. Biol., 1970, 48, 
443-453. 

20. Pearson, W. R. and Lipman, D. J., Proc. Natl. Acad. Sci. USA, 
1988, 85, 2444-2448. 

21. Ramachandran, G. N., Ramakrishnan, C. and Sasisekaran, V., J. 
Mol. Biol., 1963, 7, 95-99. 

22. Ramachandran, G. N., Venkatachalam, C. M. and Krimm, S., 
Biophys. J., 1966, 6, 849-872. 

23. Nadal-Ginard, B. and Madhavi, V., J. Clin. Invest., 1989, 84, 
1693-1700. 

24. Schwartz, K., De la Bastie, D., Bouveret, P., Oliviero, P., 
Alonso, S. and Buckingham, M. E., Circ. Res., 1986, 59, 551- 
555. 


25. Price, K. M., Littler, W. A. and Cummins, P., Biochem. J., 
1980, 191, 571-580. 

26. Katoh, T. and Lowey, S., J. Cell. Biol., 1989, 109, 1549-1560. 

27. Saraswat, L, D. and Lowey, S., J. Biol. Chem., 1991, 266, 
19777-19785. 

28. Saraswat, L. D., Pastra-Landis, S. C. and Lowey, S., J. Biol. 
Chem., 1992, 267, 2112-2119. 

29. Crow, M. T. and Kushmerick, M. J., J. Biol. Chem., 1982, 257, 
2121-2124. 

30. Trybus, K. M. and Lowey, S., J. Biol. Chem., 1988, 263, 16485- 
16492. 

31. Kretsinger, R. H., Science, 1992, 258, 50-51, 


ACKNOWLEDGEMENT. We thank Prof. M. S. Valiathan and Dr. 
C. C. Kartha, Sree Chitra Tirunal Institute for Medical Sciences & 
Technology, Trivandrum, for providing the tissue samples. The Na¬ 
tional facility provided by the Bioinformatic Centre, Department of 
Biotechnology, Madurai Kamaraj University, is greatly acknowl¬ 
edged. 


Received 20 May 1994; revised accepted 4 February 1995 


From INSDOC for the 

Kind attention of publishers & editors of Indian serials 

Get your serial included in the International Standard Serials Directory for automatic publicity & 
international recognition by obtaining international Standard Serial Number (ISSN) -a worldwide 
identification code for serials. 

For the purpose of ISSN, any publication, in printed form or not, issued at regular or irregular intervals 
but intended to be brought out indefinitely qualifies to be a serial. It includes periodicals, newspapers, 
magazines, annual reports, year books, annual directories, memoirs, proceedings, transactions of the 
societies, monograph series, etc. 

Please note that a changed title of the serial qualifies for a new ISSN. 

Handling and registration fee is Rs 1000,'- only per title. 

Please write to the following address for full details and the data sheet giving the title of your serial 
and enclosing a sample copy: 

iSSN Section 

National Science Library 

INSDOC 

14, Satsang Vihar Marg 
New Delhi 110 067 


8:2 .“i 


CURRENT SCIENCE. VOL. 68, N0.8. 25 APRIL 1995 







RESEARCH COMMUNICATIONS 


Uranium and thorium abundances in 
some graphite-bearing Precambrian 
rocks of India and implications 

U. K. Pandey and P. Krishnamurthy 

Atomic Minerals Division, Begumpet, Hyderabad 500 016, India 

Graphite schists from parts of Gujarat in the Ara- 
valli Supergroup show maximum contents of ura¬ 
nium (70-95 ppm), hosted mainly in the graphites, 
whereas such schists from the Tamil Nadu granulite 
terrain contain distinctly lower amounts of uranium 
(7-9 ppm). Graphite-bearing hornblende gneiss and 
calc-granulites from Madurai, Tamil Nadu, contain 
higher amounts of uranium (12-28 ppm) than the 
schists, and uranium is mainly hosted by the magnet¬ 
ite and allanite occurring as independent grains with 
flaky graphite and also as inclusions within quartz. 
Khondalites from Andhra Pradesh are depleted in 
uranium (0.9~1.3 ppm) compared to Th (17.5- 
20.2 ppm). Except for the khondalites, which have 
high Th/U ratio (13.5-22.4), all the other samples 
have very low Th/U ratios (0.10-0.80) compared to 
the crustal average (3-4). Such variations among 
similar rock types, may in part be related to uranium 
and thorium abundances inherited from parental 
rocks, modified later by hydrothermal and/or meta- 
somatic processes. Graphites from such rock types 
can provide both in situ and migrant reductants for 
hosting a variety of uranium and other metallic de¬ 
posits. 

GRAPHiTE-bearing rock formations constitute an impor¬ 
tant and interesting assemblage in the Precambrian ter¬ 
rains of the world. Besides their interest as possible 
relicts of primitive life forms, they have an important 
bearing on the genesis of several metallic and non- 
metallic elemental concentrations. Although the impor¬ 
tance of graphitic rocks, in Archaean and Lower Pro¬ 
terozoic sequences, in the genesis of uranium deposits 
has been well recognized^ their exact role, however, has 
been poorly understood. As a part of a major research 
programme on understanding the role of graphite¬ 
bearing lithologies in uranium mineralization, we have 
attempted here a preliminary study of the abundances of 
U and Th in ten selected samples from different areas of 
the Precambrian of India (Figure 1). These include 
graphite-bearing gneisses and granulites of Madurai- 
Usilampatti region in Tamil Nadu^ graphite schists from 
the Proterozoic Champaner Group/Aravalli Supergroup 
of Gujarat and the khondalites of Andhra Pradesh (see 
Table 1). Published data on uranium and thorium abun¬ 
dances of graphite-bearing rocks in India are very scarce 
or non-existent. 

Field work and detailed sampling were carried out in 
one of the main graphite-bearing localities around Usi- 
lampatti in Madurai district, Tamil Nadu. Samples from 


other areas were obtained from Dr N. K. Rao of the Ore 
Dressing Section, BARC, Hyderabad. Samples were 
analysed chemically as well as radiometrically for their 
uranium and thorium contents and the results are given 
in Table 1 along with average U and Th abundances for 
similar rock types^’^. Petrographic studies with special 
reference to identification of discrete uranium- and/or 
thorium-bearing mineral phases were carried out using 
a-sensitive solid-state nuclear track detectors (SSNTD) 
in contact with polished thin sections of the rocks for a 
period ranging from 8 to 72 hours. 

The graphite-bearing lithologic assemblages such as 
calc-granulites, schists and gneissic rocks of Tamil 
Nadu, as listed in Table 1, contain significant amounts 
of uranium. Uranium concentration has been found to be 
higher, close to the contact between calc-granulites and 
amphibolites. The graphite-bearing calc-granulites from 
Madurai district show distinctly higher abundances of 
uranium compared to the schists. SSNTD show that ra¬ 
dioactivity stems largely from disseminated magnetite 
and partly metamict allanite (0.1-0.4 mm across) occur¬ 
ring either as inclusions in quartz or as independent 
grains with flaky graphite. The graphite does not indi¬ 
cate any significant a-track and thus does not. appear to 
contribute to the uranium content of the rock. It is pos¬ 
sible that the higher content of uranium in these rocks 
compared to the average values listed in Table 1 might 


76® 8;® 



Figure 1. Generalized geological map of the peninsular India 
showing the location of samples. A: Precambrian basement rocks and 
supracrustals; B; Granite plutons; C; Lower Proterozoic sediments 
(Cuddapah, Delhi and others); D; Vindhyan sediments (Upper Pro¬ 
terozoic); E: Gondwana sediments; F: Deccan basalt. 
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Table 1. Distribution of uranium and thorium in some graphite-bearing Precambrian metamorphic rocks of India (all data 

in parts per million) 


Sample numbers and area 

Rock type 

U 

Th 

U/Th 

Th/U 

1. 

Karatupatti, Madurai 

Graphite-bearing hornblende- 

28 

7 

4 

0.25 


district, Tamil Nadu 

biotite gneiss 





2. 

Malaipatti, Tamil Nadu 

Graphite-bearing calc-granulite 

28 

• 2.6 

10.8 

0.1 

3. 

Pommampatti, Tamil Nadu 

Graphite-bearing calc-granulite 

12 

9.7 

1.2 

0.8 

4. 

Minakshipuram, Tamil Nadu 

Graphite schist‘^ 

7 

3.5 

2.0 

0.5 

5. 

Chokkampatti, Tamil Nadu 

Graphite schist‘“ 

9 

5.3 

1.7 

0.6 

6. 

Shivrajpur, Gujarat 

Graphite schist 

95 

21.1 

4.5 

0.22 

7. 

Agucha, Gujarat 

Graphite schist 

70 

8.8 

8.0 

0.13 

8. 

Deoghar Baria, Gujarat 

Graphite schist 

71 

11.4 

6.2 

0.16 

9. 

Burugubanda, Andhra Pradesh 

Khondalite 

1.3 

17.5 

0.07 

13.5 

10. 

Tapasi Konda, Andhra Pradesh 

Khondalite 

0.9 

20.2 

0.05 

22.4 

Average abundances^' ^ 








Gneiss 

3.0 

6.4 

0.46 

2.13 



Granulite 

<1.0 

21.0 

- 

- 



Graphite schist 

3.5 

7.5 

0.47 

2.14 


Stratigraphic position of samples: 1-5 and 9 and 10, Late Archaean/Lower Proterozoic (Khondalite-Charnockite Group); 
6, Lower Proterozoic? (Champaner Group); 7 and 8, Lower Proterozoic (Aravalli Supergroup) 

Uranium by fluorimetry (accuracy and precision less than ±10%) and thorium by low-energy y-ray spectrometry (accuracy 
and precision less than ±15%) at the AMD Chemistry and Physics Laboratories, respectively, Hyderabad. 


be derived from the late Proterozoic {ca. 850 Ma) 
younger intrusive granites^. The pegmatites, which in all 
probability are related to these younger intrusive gran¬ 
ites, contain uranium-bearing refractory minerals like 
fergusonite, gadolinite, allanite and others and thus sup¬ 
port the above possibility. Hydrothermal degradation of 
graphite from these rocks, however, may provide the 
mobile reductants for fixing up uranium in the system 
during such granitic activity. 

The thorium abundances in these graphite-bearing 
lithologies are distinctly lower than those of uranium 
(except for the khondalites) and show limited variation 
(see Table 1). The Th/U ratios are very low (0.1-0.8) 
compared to the crustal average of 3-4, further empha¬ 
sizing that graphite-bearing rocks are distinctly richer in 
uranium and may have inherited or acquired it from later 
metasomatic processes and/or hydrothermal action. 

The graphitic schists from Gujarat show higher 
amounts of uranium than those of Tamil Nadu. Petro- 
graphically, it is seen that the a-tracks are closely 
matched with graphite in the graphite schist from 
Deoghar Baria, Gujarat, belonging to the Lower Pro¬ 
terozoic Aravalli Supergroup, indicating that the graph¬ 
ite either scavenged the uranium from the system or 
inherited it from the precursor carbonaceous matter. 
Graphite schists from the Shivrajpur area of Champaner 
Group (Lower Proterozoic age?) as well as from Agucha 
area (Aravalli Supergroup) also show higher U and Th 
concentrations in general, similar to that from Deoghar 
Baria. 

The khondalites from the Eastern Ghats are depleted 
in uranium (0.9-1.3 ppm) compared to thorium (17.5- 
20.2 ppm). This is in conformity with the general obser¬ 


vation of depletion of radioelements like uranium and 
thorium in high-grade granulite facies metamorphism"^. It 
has been shown that the high-grade granulite facies 
rocks from Archaean-Proterozoic terrains are depleted 
in uranium and related large-ion lithophile (LIL) ele¬ 
ments such as K, Rb, Ba and rare-earth elements'^. They 
contain on an average <1 ppm of uranium. However, 
recent studies on rocks from the granulite terrain south 
of the Athabaska basin and granulite facies rocks within 
the Carswell structure show no such depletion and in 
fact are found to contain enriched uranium values over a 
wide range (1-100 ppm of U)^^. Gneisses from Dhar- 
war craton have also been shown to contain anomalous 
uranium contents (3.3-4.6 ppm) compared to those from 
the Canadian shield (1.5 ppm), attributed to metasomatic 
activity^. 

The role oLgraphite-bearing lithologies in the genesis 
of uranium deposits appears to be twofold. Firstly, the 
graphite in such rocks can be a source or protore for 
uranium, but more importantly it provides the mobile 
reductants (gaseous methane, CO 2 , CO and H 2 ) after 
hydrothermal degradation^^’The latter, it is known, 
can permeate through fracture zones and/or porous me¬ 
dia and reduce to and fixes it either in clays, 
iron oxides, or in other minerals. In addition, the carbo¬ 
naceous matter, which after metamorphism becomes 
graphite, maintains a low oxygen fugacity condition and 
thus inhibits or slows down the mobility of uranium and 
other LIL elements and thus may serve as a sink to the 
lithophile elements, including uranium^"^. Thus, a study 
and understanding of graphite-bearing lithologies as¬ 
sumes greater importance in the exploration of uranium 
and other metallic mineral deposits. 
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Discovery of microvertebrates from 
the Pleistocene deposits of the 
Central Narmada Valley, India 


Rajeev Patnaik*’^, G. L. Badam^ and Vijay Sathe^ 

^Department of Geology, Panjab University, Chandigarh 160 014, 
India 

^Department of Archaeology, Deccan College Post-Graduate and 
Research Institute, Pune 411 006, India 

Pleistocene sediments of the Central Narmada Val~ 
ley, Madhya Pradesh, widely known for their wealth 
of large vertebrates^"^, have yielded a partial homi- 
nid skull"^’^ and an array of Stone Age implements^ 
for the first time, along with a diverse microverte¬ 
brate assemblage (micromammals, fish, amphibian 
and reptiles) during the 1991-92 field season. Pre¬ 
liminary taphonomical investigations reveal that the 
small mammal remains, primarily derived from 
scats, were deposited by fluvial processes. Faunal 
assemblage suggests the presence of sandy plains, 
grasslands with high sub-soil moisture content and 
shallow stream systems. Rodents like Millardia cf. A/. 
meltada, Bandicota cf. B, bengalensis, Tatera cf. 7. 
indica and Gerbillus sp. indicate an early emergence 
of the modern rodents of the Indian subcontinent. 

The present announcement marks the first report oi 
fossil microvertebrates from the Pleistocene sediments 
of the Central Narmada Valley. It may be noted that 
taphonomical and palaeoecolpgical interpretations of the 
Central Narmada Valley were so far based on large 
mammal assemblages^’^. However, due to the absence of 
fossil micro fauna, paleoecological interpretations could 
not be deduced with precision. In this context, the recent 
discovery of micro vertebrate assemblage from the Nar¬ 
mada Valley assumes greater significance. The present 


"^For correspondence. 


collection (Table 1) comes from a freshwater mollusc¬ 
bearing pebbly horizon (Figure 1 b) exposed near vil¬ 
lage Devakachar (23°23'N: 79°07'E) in Distt. Narsingh- 
pur of Madhya Pradesh state (Figure 1 a). 

As regards the chronological framework for the fossil 
occurrences, the molluscan shells (collected around De¬ 
vakachar) were earlier analysed for ’"^C dating, which 
yielded a radiocarbon date^ of 31,750!i|?§ BP. Apart 
from this, based on fluorine/phosphate correlation^^, 
palaeomagnetic studies^\ percentage of nitrogen (late 
K. P. Oakley, personal communication) and occurrence 
of fossilized remains of large mammals like Cervus du^ 
vaiiceli^ Hexaprotodon palaeindicus, Elephas hysudrU 
cus, Bubalus cf. B. bubalis, Equus namadicus and Bos 
namadicus^' the fossiliferous sediments at Devak¬ 
achar were assigned a Middle to Upper Pleistocene time 
bracket. 



Figure 1. Locality map {a) and lithostratigraphy {b) at Devakachar 
(after Badam and Grigson^^). BCS (black cotton soil), YBCS (yellow 
brown concretionary silt), M (microvertebrate-yielding horizon), 
SPG (sandy pebbly gravel) and RBCS (red brown concretionary 
silt). 
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Figure 2. a and b. Occlusal views of the upper and the lower molars o\' Millardia cf. M. meltada\ c, 
occlusal view of lower Ml, M2 of Bandicota cf B. bengalensis; d, occlusal view of upper M2 of 
Gerbillus sp.; e, occlusal view of upper Ml, M2, M3 of Tatera cf. T. indica\ f and g, lateral views of 
the lower jaws of Millardia cf, M meltada (bars represent 1 mm). 


Table 1. List of microvertebrates recorded from Devakachar 


Mammalia 

Rodentia 

Muridae 

Millardia cf. M. meltada Gray 
Bandicota cf. B. bengalensis Gray and Hardwicke 
cf. Mils 
Cricetidae 

Tatera cf. T. indica Hardwicke 
Gerbillus sp. indet. 

Insectivora 

Soricidae indet. 

Reptilia 

Crocodilidae 

Crocodylus sp. indet. 

Chilonidae 
cf Trionyx 

Pisces 

Cyprinidae 

Cyprinus cf C. carpio communis 
(subspecies of Cyprinus carpio Linn.) 

Amphibia 

Anura 
?cf Rana 


Several comprehensive experiments carried out on 
scatological and fluvial microvertebrate accumula¬ 
tions provide the bases of interpretations in the pre¬ 
sent communication. The micromammal assemblage 
under consideration comprises a high percentage of 


Table 2. Numbers and proportional percentage of small mammal 
skeletal elements 


Elements 

Number 

Percentage 

Skull 

1 

0.19 

Mandible 

37 

7.25 

Maxilla 

22 

4.31 

Incisor 

223 

43.72 

Molar 

4 

0.78 

Scapula 

6 

1.17 

Humerus 

44 

8.62 

Radius 

30 

5.88 

Ulna 

12 

2.35 

Vertebrae 

7 

1.37 

Pelvis 

8 

1.56 

Femur 

50 

9.80 

Tibia 

53 

10.39 

Calcaneum 

1 

0.19 

Metapodials 

12 

2.35 


complete limb bones, of which a few show angular 
breakages. Bones like femora, scapulae and humerii 
show frequent abrasion of their ends and processes. 
Most of the mandibles have their angle, coronoid and 
condyle worn out and commonly the sockets of the mo¬ 
lars and pulp cavity for the incisors show holes at the 
base (Figure 2/, g). There is a higher proportional rep¬ 
resentation of incisors, tibia, femur and humerus, re¬ 
spectively (Table 2). The distribution of skeletal 
elements shows almost an entire range of skeletal parts. 
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together with those of fish, turtle, crocodile and frog 
(Table 1), well-rounded pebbles and concretions and 
haphazardly oriented molluscan shells. The nature and 
the extent of breakage, wearing and abrasion observed 
on the skeletal parts indicate a scatological origin. A 
comparison of the proportional percentage representa¬ 
tion with skeletal elements in some of the Pleistocene 
micro vertebrate accumulations suggests that the pres¬ 
ent microvertebrate remains might have been trans¬ 
ported, sorted and finally deposited fluvially in a stream 
channel area. Large vertebrate fauna (in addition to 
those mentioned earlier, Panthera leo, Panthera tigris, 
Panthera pardus (?), Canis aureus, Rhinoceros sp., Ste- 
godon insignis ganesa, Elephas namadicus, Hexaproto- 
don namadicus, Sus sp., Antilope cervicapra, Cervus 
sp., Axis axis, etc.) indicates the presence of open 
grasslands and wooded grasslands interspersed with per¬ 
ennial rivers and swamps^. Since most of the taxa in the 
present collection of microvertebrates closely resemble 
the living forms, the preliminary interpretations of pa- 
laeoecology are based on the principle of actualism. 
Rodents like Tatera indica and Gerbillus indus prefer 
sandy plains and interdunal areas . African Tatera is 
found primarily in dry steppic countries and sometimes 
in thickets along the edges of alluvial flats^^’^®. Bandi- 
cota bengalensis and Millardia meltada are found in 
croplands where the sub-soil moisture is very high 
throughout the year. The latter sometimes prefer heavy 
shrubs and rocky terrains^^ Cyprinus, Crocodylus, 
Trionyx and Rana are commonly associated with fresh¬ 
water stream systems. 

Tatera indica, Gerbillus indus, Bandicota bengalensis 
and Millardia meltada are presently widespread all over 
the Indian subcontinent^^. The molars of Tatera cf. T, 
indica and Gerbillus sp. (Figure 2 d, e) resemble those 
of Protatera cf P. kabulense reported from Late Plio¬ 
cene of Siwaliks. Bandicota cf. B, bengalensis and Mil¬ 
lar dia cf M. meltada (Figure 2 a-c) may have had some 
relationships with Bandicota sivalensis and cf Mil- 
lardia^^ from Upper Siwaliks. However, keeping in 
view the relatively meagre record of fossil micromam¬ 
mals, interrelationship of Narmada and Siwalik rodents 
cannot be ascertained at the present state of our knowl¬ 
edge. 
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Daytime measurements of optical 
auroral emissions from Antarctica 

R. Sridharan, D. Pallam Raju, R. Narayanan, 

N. K. Modi, B. H. Subbaraya and 
R. Raghavarao 

Physical Research Laboratory, Ahmedabad 380 009, India 

Optical methods have enabled us to detect auroral 
emissions during daytime conditions, and to identify 
a narrow latitudinal region of energetic particle pre¬ 
cipitation from the Indian station Maitri (11°38’E; 
70°45'S; 62.8°S I-lat.) in Antarctica. These observa¬ 
tions are new. The energetic particles originate 
within the closed geomagnetic field lines close to the 
plasmapause region and maximize -0830 h MLT 
(Magnetic Local Time) (-1200 UT). Enhanced proton 
precipitation activity could also be inferred during a 
moderate geomagnetic storm, suggesting the en¬ 
hancement/activation of acceleration mechanisms 
during this event. 

The auroral phenomenon, which is caused by the inter¬ 
action of high-energy charged particles with the atmos¬ 
pheric constituents is usually considered to be restricted 
to ±75° to ±80° magnetic latitudes in the dayside and 
±65° to ±75° magnetic latitudes in the nightside of the 
earth. Due to the different locations of the geomagnetic 
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and the geographic poles, the region of maximum occur¬ 
rence probability of aurora is in the form of an oval and 
this is usually referred to as the auroral oval. In the 
dayside, where the solar wind kinetic pressure distorts 
the dipole-like configuration of the geomagnetic field, a 
narrow region around 80° south and north geomag. lat., 
referred to as the cusp, gets connected to the interplanet¬ 
ary space. The solar wind particles would then be di¬ 
rectly guided into this region while the ionospheric par¬ 
ticles would freely escape into the interplanetary 
medium. In the dayside, the polar cusp is the only region 
that maintains direct contact with the solar wind plasma. 
From magnetic topology point of view the cusp gets 
mapped into the dayside magnetopause region. From the 
available information in the literature, mostly based on 
rocket and satellite measurements, it is known that the 
dayside precipitation in the cusp region is less energetic 
compared to the nighttime conditions and as a conse¬ 
quence the emissions would preferably occur at higher 
heights (~ 150 km and above as compared to 110- 
120 km during nighttime). Significant amount of atomic 
emissions are known to occur due to lesser collisional 
deactivation at higher altitudes. There are no systematic 
ground-based observations on the variabilities of the 
optical signatures of aurora during daytime till now, 
mainly because of the inherent difficulty in the detection 
and measurement of these faint features in the presence 
of bright background continuum. The only attempt, a 
pioneering one, to detect daytime auroral emissions was 
made by Noxon^ from the high-latitude regions in the 
northern hemisphere using a scanning polarimeter. 
Though successful detection of these emissions was 
made from the conventional auroral zone, no systematic 
intensity measurements could be made because of the 
inherent limitation in the technique. 

In recent years, a new method has been used at PRL 
for the detection of faint emission features which consti¬ 
tute only 0.1% of the bright background continuum". 
This new method has been used for the measurement of 
airglow emissions during daytime clear-sky conditions 
and several new results have already been obtained from 
equatorial and low-latitude regions^'^. 

The limitation of the dayglow photometer of being 
able to monitor only one wavelength at a time has been 
overcome by the use of innovative spiral masks^. These 
appropriate changes in the optics and introduction of 
electronic gate scanning techniques have enabled near 
simultaneous measurements of three emissions at differ¬ 
ent wavelengths. A specially coated (3900-8000 A) 
Fabry-Perot etalon has been used as a narrow-band spa¬ 
tial filter. The details of the measurement techniques 
would be presented elsewhere. 

The choice of the filters was made so as to represent 
the high- and low-energy electron-excited as well as 
proton-excited emissions. The multiwavelength daytime 
photometer was operated in a meridional scanning mode 


pointing towards magnetic south, the look angles rang¬ 
ing from 10° elevation to zenith in steps. The look 
angle, the choice of filters and appropriate gate delays 
were programmed to be automatically selected by a per¬ 
sonal computer. The meridional scans, once in three 
minutes, were repeated round the clock. The information 
obtained represents the intensity variation of the chosen 
wavelengths with time. Observations were made at Nj 
INeg. bands at 3914, 4278 and 4709 A (high-energy 
electron-excited), 01 5577 A (low-energy electron- 
excited) and 4861 A Hp (proton-excited) emissions. Fig¬ 
ure 1 depicts the surface plots of the variations in in¬ 
tensities with time and invariant geomagnetic latitude on 
two days, viz. 6 Feb. and 19 Feb. 1994. The various 
latitudes have been estimated based on the typical alti¬ 
tude of emission and the look angles, for three wave¬ 
lengths. 

The most striking observation is a steep rise in inten¬ 
sities at all the three wavelengths, namely 4709 A, 
4861 A and 5577 A at around noon hours (UT). The 
enhanced intensities are confined to a narrow latitudinal 
zone centred around 64°S mag. lat. and extend by ~2° in 
latitude. Large wave activities are seen to be centred 
around the peak emission and the associated particle 
precipitation. Unlike the other emissions, the 5577 A 
emission is centred at 63°S. The background variation 
of 5577 A emission is considerably lesser than its noon¬ 
time peak. These observations indicate that the region of 
5577 A emission is narrower while the high-energy 
electron-excited and proton-excited emissions have a 
larger spatial spread. The present observations could be 
visualized as follows. The regions of particle precipita¬ 
tion and excited emissions are geomagnetically con¬ 
trolled and are expected to have a fixed orientation with 
respect to the sun. Due to the separation between the 
geographic and geomagnetic poles and the consequent 
precession of the magnetic pole with respect to the axis 
of rotation, the observational site cuts through the re¬ 
gion of deposition around noon. This could result in the 
type of observed variations. 

On 6 Feb., when the magnetic disturbance level was 
moderate, (ZKp = 43-), the overall intensity levels were 
found to be higher than that on 19 Feb. (Zi^p = 31) and 
also on other days when the level of magnetic activity 
was considerably lower. Further, beyond 68°S mag. lat. 
no enhancement in the emissions is seen. The boundary 
at 68°S and the level of wave activity are depicted in 
Figure 2, wherein the two-dimensional ground projec¬ 
tion of 4861 A (proton-excited) intensities on 4 days 
during the month of February are shown along with the 
magnetic activity level (LKp). The curves represent 
constant-intensity contours. As mentioned earlier, the 
latitudinal extent of the emission region is confined to 
64° ± 1°S. Further, it is clearly seen that the wave activ¬ 
ity associated with peak emission/deposilion of ener¬ 
getic particles is quite prominent. During magnetically 
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Figure 1. The temporal and latitudinal variabilities in the high-energy electron-excited (4709 A), in pioton- 
excited (4861 A) and in low-energy electron-excited (5577 A) daytime auroral emissions as recdrded at 
Maitri - the Indian station at Antarctica - on 6 and 19 Feb. 1994. 
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Figure 2. Ground projections of 4861 A intensities during magnetically quiet and disturbed periods depicting the wave activity in the con¬ 
stant-intensity contours. 


quiet periods the wave activity is found to be low. 
Figure 2 shows the extent to which the activities are 
localized. 

Though there have been no ground-based daytime op¬ 
tical measurements till now, it has been reported from 
the analysis of satellite data that there exists a region of 
particle precipitation in the ±60° to ±70° mag. lat., 
maximizing around 0630-1000 MLT^. Hartz^ suggested 
that this rise in intensity in the forenoon hours could be 
due to the upper atmosphere acting as a sink for the par¬ 
ticles in the outer Van-Allen belt region. Nighttime 
photometric measurements by Samson et al} have also 
revealed narrow and sharply defined latitudinal zones of 
auroral emissions associated with electron and ion pre¬ 
cipitations. Newell et al!^ have attempted to classify 
regions of auroral activity based on satellite data and 
have mentioned the latitude zone of our interest to be 


possibly excited by particles originating from the central 
plasma sheet. VLF and ELF emissions have also been 
shown to maximize in this latitude zone around 0830- 
1030 MLT^^. Through this communication, we are pro¬ 
viding evidence, for the first time, from ground-based 
optical measurements for the presence of a narrow lati¬ 
tudinal zone of enhanced auroral activity in the daylit 
side of the earth. Incidentally, the L value of the Indian 
Antarctic station Maitri being 4.8, the geomagnetic field 
line passing through this station crosses the plasma- 
pause - a critical transition region between the plasma- 
sphere and the magnetosphere during the afternoon 
hours. The plasmapause is defined as the boundary be¬ 
tween the magnetic flux tubes that corotate with the 
earth and those whose motion is dominated by the con¬ 
vective electric fields. Since the plasmapause is a 
sharply-defined region, elongated in the dusk sector^\ 
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depending upon the solar wind ram pressure and the 
local time, the field lines over Maitri can be mapped 
either to the outer boundary of the plasmasphere or to 
the inner boundary of the magnetosphere. This makes it 
a unique location. Further, the enhanced intensities 
during a geomagnetic storm are a clear indication of a 
certain acceleration mechanism becoming more active 
during such events. A detailed investigation of the origin 
of the particles and their possible acceleration mecha¬ 
nism is in progress. 

The present conclusions have been arrived at from the 
data collected on 13 clear days from Antarctica during 
January-February 1994 as a part of the Xlllth Indian 
Scientific Expedition. More extensive campaigns are 
being planned during the ensuing southern summer 
months. 
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Complexation and interaction 
modelling in a thorium(IV) - 
mycobacterial-siderophore system 

H. J. MacCordick, O. Wendling and 
M.-S. Antony 

Centre de Recherches Nucleaires et Universite Louis Pasteur, Labo- 
ratoire de Chimie Nucleaire, F-67037 Strasbourg Cedex 02, France 

Assessment of the role of bacterial cell components in 
the biosorption of actinide cations involves studies of 
the metal ion complexing properties of siderophores. 
In the present vyork, the interaction of thorium ions 
with mycobactin S from Mycobacterium smegmatis is 
examined in vitro^ as a model system, using ethanol as 
the solvent medium. Formation of a labile addition 
compound is followed by UV spectrophotometry, 
which reveals characteristic absorption in the 
330 nm region. Hydrolytic dissociation measure¬ 
ments with the ^^^Th-labelled complex at pH 7 indi¬ 
cate lower stability than for the corresponding 
uranyl-mycobactin compound under analogous 
conditions. The properties of the thorium complex 
are rationalized by calculations of metal-ligand bond 
character and steric relationships at the molecular 
binding site. 

Applications of microorganisms and microbial con¬ 
stituents as complexing agents in the treatment of rad- 
waste are finding widespread interestPrevious work 
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with a mycobacterial species has shown that this sub¬ 
strate is effective in the selective biosorption and reten¬ 
tion of various actinide cations such as Th"^"^ and UOT 
or Am^"^ on a Eu^"^ carrier^’"^. Measurements based on 
NMR and infrared spectroscopy applied to cellular ex¬ 
tracts and model compounds have confirmed that the 
adsorption process involves cation interaction with spe¬ 
cific cell components containing acidic functional 
groups such as those in phospholipids and non-esterified 
carboxylate^. 

The possible contribution of the mycobacterial si- 
derophore in this respect has been tested with purified 



Figure 1. UV absorption spectra lor MYS (•••, 1) and Th-MYS 
(-, 2) in ethanol. 
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Figure 2. a, Site symmetry in ferrimycobatin S; M = Fe(III). For R, see ref. 10. b. Computer graphic: ‘optimized’ steric fit for cation- 
site interaction in Fe-MYS (y= 1.86, rocov = 70.6 pm [see text]), c. Computer graphic: steric fit calculated for the Th/MYS interaction, 
using the computational parameters as for b. IC = calculated ionic character (%) of M-0 electrovalent bonds. Radius overlap between 
the metal ion and 0-atoms (Oa, Oc, Oe) signifies steric hindrance for molecular enclosure of the cation. 


mycobactin S (MYS) in vitro and metal cation com¬ 
plexes of variable degrees of stability have been 
obtained^'* with UO?^ NpOJ , Sc^'', and La^^. The 
experimentally observed trends in stability for these and 
other previously known complexes of mycobactin have 
been interpreted by calculations using a restrictive spa¬ 
tial model of cation-ligand site compatibility^. So far, 
studies of the affinity of the trivalent desferrimycobactin 
anion for cations of charge number higher than 3 do not 
appear to have been reported. In the present work, 
this question is investigated for the Th'^'^'-MYS system 
using optical spectroscopy and a refined version 
of steric modelling for the siderophore coordination 
site. 

As in previous experiments^’^, a solution of the metal 
chloride in absolute ethanol (10 mM) was added step¬ 
wise to an ethanolic solution of purified MYS 
(0.8 pmol, extracted from Mycobacterium smegmatis^^) 
under conditions of spectrophotometric titration. The 
same method, using FeCls and measurement of maxi¬ 
mum optical density (OD) at A = 450 nm as a function 
of molar ratios of the components, served as an analysis 
for the purity, that is, complexing power of the myco¬ 
bactin sample. Results for the thorium system obtained 
in this way (Figure 1) showed a broad absorption shoul¬ 
der centred at 330 nm (curve 2) that is not present in 
MYS itself, i.e. in its protonated, non-complexed form 
(curve 1). 

This absorption, which in some MYS-cation systems 
may appear in the 340-350 nm region, is characteristic 
of metal ion complexation by MYS and normally corre¬ 
sponds to compounds of 1:1 stoichiometry. In the pres¬ 
ent instance, however, the presumed Th-MYS complex 
shows maximum absorption at A = 330 nm for a 
Thdigand ratio close to 2:1. Although the possibility 
of formation of a polynuclear complex of the type 
MYS~2Th cannot, a priori, be ruled out, preference is 
given to a formation-dissociation equilibrium of the 
type 

Th'*'" + MYS ^ Th'^^-MYS, 


in which a 1:1 complex is formed, but dissociates to the 
extent of ~50% in ethanol, formation becoming practi¬ 
cally complete for an excess of thorium in molar pro¬ 
portion. This interpretation is based on the fact that (1) 
in alcoholic solutions of ThCU, thorium is present in 
dissociated form and not as a complex species^^ (2) the 
persistence of an absorption shoulder at -303 nm 
throughout the addition of Th coincides with the peak 
typical of non-complexed MYS at this wavelength, indi¬ 
cating the presence of residual free ligand. Control 
experiments confirmed that ThCU alone, at the concen¬ 
trations employed, did not contribute significantly to 
absorption in this region. 

The presumed lability of the Th-MYS complex was 
confirmed by measurements of its extent of hydrolytic 
dissociation at pH 7. In accordance with the foregoing 
experiments^ with Fe-MYS and UO 2 -MYS, a 1.76 mM 
chloroform solution of Th-MYS, labelled with ~^^Th as 
an indicator nuclide, was shaken with an equal volume 
of demineralized water for 5 min. Gamma-ray counting 
of the ^^^Th activity in the two phases then showed that 
93% of the complexed thorium was released into the 
aqueous phase. This high extent of dissociation may be 
compared to the corresponding values of virtually 0% 
for Fe-MYS and -20-32% dissociation for UO 2 --MYS 
under analogous conditions^. 

These overall results are corroborated by predictions 
of molecular site modelling as described earlier^ for 
metal complexes of mycobactin P. In the present case, 
this model was refined by using revised calculations of 
the effective ionic radius (/'oeff) of the three negatively 
charged, electrovalent oxygen atoms (A, C, E; 
Figure 2 a) of the MYS cation-binding site, with the aid 
of the expression 


'beff 


' IZo-ZmI ) 
iZo+Xu)J 


•Uo-'•Ocov) 


+ n 


Ocov5 


where the term containing the respective atomic electro¬ 
negativity units (xo for oxygen and Xu for the metal 
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cation) represents the M-0 partial ionic bond character 
according to the Wilmshurst equation^”; ro is the purely 
ionic, single-bonded oxygen radius‘(176 pm)^^ and rocov 
is the purely covalent oxygen radius, which has been 
assigned^"^ values in the range 70.2 to 74 pm. Optimal 
values for the empirical constant y and ^ocov were ob¬ 
tained by iterative computation based on the best steric 
fit for cation and ligand site in the naturally occurring, 
most stable complex, Fe^^UMY. From the site-structural 
representations shown in Figure 2, it is seen that the Th 
cation (Figure 2 c) largely exceeds the calculated avail¬ 
able volume of the site configuration as established from 
Fe-MYS (Figure 2/?), suggesting a resultant distortion 
of molecular symmetry that would expectedly lead to 
relative weakening of the metal-oxygen bonds. The 
higher degree of ionic character (-81%) calculated for 
the Th-0 bond, together with the fact that only three of 
the four metal valencies can be engaged in MY com- 
plexation, may add further to this effect. 

In spite of the lower stability of Th-MYS in compari¬ 
son to UO 2 -MYS under in vitro conditions, whole-cell 
biomass loaded with thorium cations appears to be more 
resistant to hydrolytic desorption than uranyl-loaded 
biomass. This apparently contradictory observation in¬ 
dicates that additional binding interactions, together 
with the protecting effect afforded by cellular incorpo¬ 
ration, may be influential under complex natural condi¬ 
tions. 
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Partial unfolding of lactate 
dehydrogenase in the presence of low 
concentrations of guanidium chloride 
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University of Calcutta, 92, A.P.C. Road, Calcutta 700 009, India 
tBiophysics Division, Saha Institute of Nuclear Physics, 37 
Belgachia Road, Calcutta 700 037, India 

The presence of very low concentrations of guanid¬ 
ium chloride could partially unfold the tetrameric 
enzyme lactate dehydrogenase from pig muscle. The 
local partial unfolding in the tertiary structure of the 
protein was revealed from the study of quenching of 
the tryptophanyl fluorescence using the most widely 
used quenchers, acrylamide and iodide. Significant 
changes in the Stern-Volmer quenching constants as 
well as in the accessibility parameter of the trypto¬ 
phan residues by the quenchers were observed in the 
presence of <100 mM guanidium chloride over 
the same in the absence of the denaturant. This indi¬ 
cated the presence of a partially unfolded state in 
the enzyme even at a low concentration of guani¬ 
dium chloride which does not otherwise affect the 
enzymic activity or the secondary structure of the 
enzyme. 

Guanidium chloride (GdmCl) has been very frequently 
used, at a concentration >1 M, to denature proteins^’ 
However, by spectroscopic measurements, low concen¬ 
trations of GdmCl have not been shown to impart any 
alterations in the tertiary structure of proteins. The pres¬ 
ence of small amounts of GdmCl in the buffer during 
reactivation of denatured lactate dehydrogenase (LDH), 
as initiated by diluting highly concentrated solutions of 
the denaturant, has been shown to affect the rate of re¬ 
activation of the enzyme^. In many studies of protein 
folding, ~100 mM GdmCl is often present in the buffer 
during reconstitution from the completely unfolded state 
attained by the treatment with 4-6 M of GdmCl. The 
present experiments were aimed at analysing the effect 
of low concentrations of GdmCl on the tertiary structure 
of the. tetrameric enzyme LDH from pig muscle, which 
has been the subject of extensive studies, and the folding 
pathways of the enzyme have been elucidated"^. In the 
concentration range of 10-100 mM GdmCl, the activity 
of the enzyme remained unaltered and the secondary 
structure remained intact as indicated by circular dichro- 
ism (CD) measurements. The results from studies of 
quenching of tryptophanyl fluorescence indicated the 
presence of a partially unfolded state of the protein in 
the presence of a very low concentration of GdmCl. 

*For correspondence. 
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l-'igurc 2. Stcrn-Volmcr plots of quenching ot‘ tryptophan fluores¬ 
cence by acrylamide: (O) Native LDH, 0.16 p.M and after 1 h incu¬ 
bation with (A) 85 mM, (•) 170 mM and (A) 850 niM GdmCl. 
Inset shows a Stern-Volmer plot with upward curvature in the pres¬ 
ence of 17 mM GdmCl. 


Figure 1. Histogram representation of enzyme activity of LDH ver¬ 
sus concentration of GdmCl (mM). The enzyme activity denotes the 
decrease in absorbance at 340 nm in 3 niin by 1.6 nM LDH subunit. 


LDH (Sigma) was assayed at 37°C following pub¬ 
lished protocol^. The assay mixture contained 0.1 M 
Tris-HCl, pH 7.5, 5 niM sodium pyruvate and 0.25 mM 
NADH. The decrease in absorbance was measured at 
340 nm. The enzyme assay and all other absorption 
measurements were carried out using a Hitachi U-2000 
spectrophotometer. The concentration of LDH was de¬ 
termined^’ spectrophotometrically assuming an absorb¬ 
ance of 14.5 at 280 nm for the LDH solution of 
10 mg/ml. No significant inactivation of the enzyme 
LDH was observed after 1 h incubation with 10- 
200 mM GdmCl (Sigma) at 20°C, as indicated in Figure 
1. However, the enzyme activity started decreasing when 
0.16 pM LDH was incubated with >200 mM GdmCl for 
the same period of time at 20°C. The fluorescence in¬ 
tensity remained unchanged at a GdmCl concentration 
between 10 and 100 mM although 60% of the native 
fluorescence was quenched in the presence of a denatur¬ 
ing concentration of ~1 M GdmCl (data not shown). CD 
spectra of 0.16 pM LDH in the absence and presence of 
different concentrations of GdmCl also showed no sig¬ 
nificant change in the negative peak at 222 nm, repre- 
sentive of the overall helix content, .up to 100 mM 
GdmCl, indicating that the secondary structure of LDH 
remains intact in the presence, of a low concentration of 
the denaturant (not shown). 

LDH at 0.16 pM with respect to the monomer was in¬ 
cubated with different concentrations of GdmCl for 1 h 


at 20°C in a final volume of 1 ml before each quenching 
experiment was carried out. The buffer used in the study 
contained 20 mM Tris-HCl, 50 mM KCl, pH 7.5, con¬ 
taining 5 mM 2-mercaptoethanol. In case of quenching 
with iodide anions, the buffer contained 1 mM Na 2 S 203 
in addition, to avoid /f formation. Steady-state fluores¬ 
cence was measured using a Hitachi F3010 spectro- 
fluorometer. Tryptophan fluorescence was measured 
upon excitation at a wavelength of 290 nm. The emis¬ 
sion was maximum at 345 nm. The sample temperature 
was maintained at 20°C. Fluorescence quenching ex¬ 
periments were carried out by recording the intensities 
(EX: 290 nm; EM: 345 nm) after successive addition of 
small aliquots of the quencher stock solution. The 
quenching data were analysed by plotting according to 
the Stern-Volmer equation^, 

Fo/F=l+Ks.^[Ql ( 1 ) 

where Fq is the fluorescence intensity in the absence of 
the quencher, F is the same at a quencher concentration 
of Q and Ks^’ is the Stern-Volmer quenching constant. 
The linear range of the plot of Fq/F versus the final 
quencher concentration was used to determine Here 

Ksv is the quenching constant, which can be interpreted 
in different ways depending upon the assumed mecha¬ 
nism of quenching. The fraction of Trp residues that are 
accessible to the quencher molecule was estimated from 
the modified Stern-Volmer equation: 

FAFo-F) = l/(Xsv -/e * [Q\) + l//e, (2) 

where^ islhe fraction of Trp residues accessible to the 
quenchers, acrylamide or iodide. Stern-Volmer plots of 
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Figure 3. Lehrer plots of iodide quenching of tryptophanyl fluores¬ 
cence in LDH: (A) Native LDH, 0.16 pM and after 1 h incubation 
with (•) 85 mM and (A) 850 mM GdmCl. 

quenching of tryptophan fluorescence in LDH by acryl¬ 
amide are shown in Figure 2. The linear range of plots 
of Fq /F against the final acrylamide concentration indi¬ 
cated local structural differences in the LDH molecules 
at different GdmCl concentrations. The inset shows a 
representative curvilinear plot when 17 mM GdmCl was 
present in the buffer. The fraction of accessible trypto¬ 
phan (/e) residues was estimated from the modified 
Stern-Volmer plot, commonly known as the Lehrer 
plot^ where Fq/{Fq-F) is plotted against \I[Q]. In the 
presence of low concentrations of GdmCl, the accessi¬ 
bility is decreased to 80% from the value of 100% in the 
native as well as in the completely unfolded LDH when 
acrylamide was the quencher. The Lehrer plots of iodide 
quenching, shown in Figure 3, indicated an increase in 
the fractional accessibility of Trp residues in the pres¬ 
ence of 85 mM GdmCl from that in its absence. In the 
presence of 850 mM GdmCl the accessibility became 
100%, indicating complete unfolding of LDH at that 
concentration of the denaturant. Both/e and values 
for the quenchers are summarized, in Table 1. 

Acrylamide and iodide are the frequently used 
quenchers of protein fluorescence. The bimolecular 
quenching constants are known to be sensitive and vary 
among various proteins. At 10-100 mM GdmCl, there 
were significant increases in the Stern-Volmer quench¬ 
ing constants for both the quenchers, acrylamide and 
iodide, compared to those in the absence of GdmCl 
(Table 1). All the six Trp residues present in one subunit 
of the tetrameric LDH from pig muscle^ were accessible 
to acrylamide when the protein was either in native 
state, i.e. in the absence of GdmCl, or in its completely 
unfolded state. In the presence of 17-170 mM GdmCl 
concentrations, one of the six Trp residues became inac- 


Table 1. Quenching of tryptophan fluorescence of LDH by acryl¬ 
amide and iodide in the presence of GdmCl 


Quencher 

GdmCl (mM) 

K„ (M-') 

/c (%) 

Acrylamide 

0 

8.20 

100.0 


17 

9.40 

84.0 


85 

10.80 

79.0 


170 

12.90 

84.0 . 


850 

16.40 

100.0 

Iodide 

0 

6.15 

58.0 


17 

7.80 

67.0 


85 

7.80 

71.5 


170 

7.90 

64.5 


850 

22.70 

100.0 


Standard error (SEM) for three independent quenching experiments 
is between 2 and 5% for and ~5% fory(.. 


cessible (/e ~ 80%) to acrylamide, indicating the occur¬ 
rence of a partial restructuring of the enzyme on binding 
to GdmCl, leading to a more compact molten globule¬ 
like intermediate. Stern-Volmer plots for acrylamide 
quenching have been found to be upward curving in the 
presence of no or very small amounts of GdmCl. Such a 
curvature in the Stern-Volmer plot could be attributed 
to the presence of two types of emitting centres in the 
protein^^. At >120 mM GdmCl the secondary structure 
started getting affected due to the unfolding of LDH. As 
a consequence, the microheterogeneity in the two emit¬ 
ting centres was lost and the Stern-Volmer plots became 
linear at a higher GdmCl concentration. In the case of 
quenching with iodide anion no such curvature was ob¬ 
served in the Stern-Volmer plot. A lower degree of ac¬ 
cessibility of tryptophan residues was observed in the 
case of native LDH 60%), which was increased in 
the presence of 85 mM GdmCl (/e ~ 70%). Lineariza¬ 
tion of Stern-Volmer plots in iodide quenching experi¬ 
ments indicated that only the more exposed tryptophans 
or the residues involved either in hydrogen bonding or 
in the neighbourhood of basic amino acid residues (e.g. 
Lys or His) were quenched by the bulky, anionic iodide. 
An^e value of <60% could account for three such Trp 
residues in native LDH, which increased to 70% in the 
presence of 85 mM GdmCl when one more Trp residue 
possibly moved to a favourable Ionic atmosphere due to 
partial unfolding in LDH becoming then accessible to 
iodide anion. 

The mechanism of action of GdmCl on protein denatu- 
ration is still obscure. It is also not well understood 
whether the action of this widely used denaturant is 
through direct binding or is indirect and involves a 
change in the water structure^The interaction of 
guanidium chloride with proteins has been recently 
studied calorimetrically by Makhatadze and Privalov^^. 
They described the observed heat effects in terms of a 
simple binding model and estimated the number of ap¬ 
parent GdmCl binding sites for three proteins, ribonu- 
clease A, lysozyme and cytochrome c. According to the 


838 


CURRENT SCIENCE, VOL. 68, NO. 8, 25 APRIL 1995 




RESEARCH COMMUNICATIONS 


estimate, 40-50 molecules of GdmCl were bound per 
native protein molecule and around 80 GdmCI mole¬ 
cules were bound to the unfolded protein. This suggests 
that even at submolar concentrations of GdmCl (10"“- 
10"^ M) similar binding may take place at 0.16 pM pro¬ 
tein, used in the present study. The estimated affinity 
constants at this concentration were 10 M~^ for the na¬ 
tive and 50 for the denatured LDH"*. The present 
study indicated that even millimolar concentrations of 
the denaturant could perturb the tertiary structure of a 
protein through a possible direct binding, which is gen¬ 
erally assumed to be ‘innocent’ in many studies of pro¬ 
tein folding. 
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Serum ferritin reflects body iron store. It is in¬ 
creased in thalassaemias due to many reasons. The 
chelation of iron with deferiprone (LI) causes fall of 
serum ferritin. This is found to be biexponential 
when chelated by hydrophilic a-hydroxypyridones 
such as deferiprone in vivo. 

Ferritin is a protein which stores iron in the body and 
is found in the serum as well as inside the cell. It is 
composed of 24 subunits of at least two types: L (or_^ 
light 19,700 Mr) and H (or heavy 21,100 Mr)^ Those 
tissues functioning as major iron storage depot (like ^ 
liver and spleen) have a preponderance of L subunits ^ 
while other tissues have a higher proportion of H'g 
subunits". 

The amount of serum ferritin is usually proportional to 
the amount of intracellular ferritin^. Serum ferritin is 
increased due to iron overload in p-thalassaemia (B'i ) 
and haemoglobin E p-thalassaemia (EBT) patients. This 
is part!} due to repeated transfusions and partly due to 
increased intestinal absorption of iron"^. Effective reduc¬ 
tion of serum ferritin was obtained by use of Deferi- 
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prone (DFP) or LI at a dose of 75 mg./kg/day on BT and 
EBT patients (n = 20) in this study over a period of 15 
months after signing the informed-consent forms. DFP is 
a new oral chelator which is undergoing trial in various 
countries in the world^. 

In BT patients receiving DFP, the mean serum ferritin 
dropped significantly from initial 3763 ± 1404 ng/ml to 
1956 ± 851 ng/ml during the study (p < 0.005). In EBT 
patients receiving DFP, the mean serum ferritin dropped 
significantly from 2948 ± 1771 ng/ml to 1166± 
894 ng/ml (/?< 0.005). 

Mean fall of serum ferritin in all the patients was 
plotted on a semi log paper for the period of study 
(Figure 1). The fall in serum ferritin fits well in a bi¬ 
exponential curve whose equation can be written as 



Figure 1. Fall of serum ferritin (ng/ml) over months in thalassaemia 
patients treated with Deferiprone (LI) at a dose of 75 mg/kg/day. 


839 







RESEARCH COMMUNICATIONS 


y=/(o 

or, 

( 1 ) 

/=1 

where y is the level of serum ferritin measured in ng/ml 
at time Ai and are the reduction in serum ferritin 
level constants of the /th exponential term, which may 
be expressed in terms of the individual intercompart- 
mental transfer rate constant and the degradation rate 
constant. 

The results are shown in Figure 1, where we plot the 
level of serum ferritin versus time for patients taking 
DFP. Twenty patients were considered in the study. The 
present plot can be fitted to eq. (1), where 
Ai = 1400 ng/ml, Ai = 2000 ng/ml, B\ = 0.229/month 
and B 2 = 0.029/month. Then it can be said that ferritin 
stays in two compartments in concentrations which are 
decreasing with time following the exponential law 
given by eq. (1). The initial decrease is due to the re¬ 
moval of that component of ferritin which is present in 
plasma and may have some particular nature. The de¬ 
layed fall may be due to the removal of the intracellular 
component having a different nature, which comes out in 
a later phase of treatment. 

1 . McCaren, G. D., Curr. Haematol. Oncol, 1988, 6, 185, 

2. Whitek, Mumro H. N., J. BioL Chem., 1988, 263, 8938. 

3. Brittenham, G. M., in Haematology, Basic Principles and Prac¬ 
tice (ed. Hotfman, R.), Churchill Livingstone, New York, 1991, 
p. 329. 

4. Weatherall, D. J. and Clegg, J. B., The Thalassaemia Syndrome, 
Blackwell Scientific Publications, Oxford, 1981, 3rd edn. 

5. Agarwal, M. B., Indian J. Paediatr., 1993, 60, 509-516. 
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Occurrence of superficial and 
cutaneous mycotic infections at 
Rourkela, Orissa 

S. Das, P. Swain and B. K. Choudhury 

Botany Research Laboratory, P.G. Department of Botany, 
Government College, Rourkela 769 004, India 

From 250 clinically suspected cases of dermatomyco- 
ses, a mycological study was carried out on organ¬ 
isms causing superficial and cutaneous infections. 
The commonest cutaneous etiological agent detected 
to be prevalent at Rourkela was Trichophyton ru- 
brum in 96 cases of patients. The superficial lesions 
were formed by the opportunistic fungus Candida 
albicans. The occurrence with respect to age, sex and 
period of year was also recorded. 

840 


Trichophyton, Microsporum and Epidermophyton gen¬ 
erally attack integuments and their appendages like hairs 
and nails; they involve stratum corneum or deeper layers 
of the epidermis and hence are called dermatophytes. 
The superficial infections also occur in human beings 
due to other fungi, the most common of which are the 
species of Candida^. The Candida infection may be 
localized or widespread^. Superficial candidiasis may 
involve the epidermal and mucosal surfaces, including 
those of oral cavity, pharynx, oesophagus, stomach, in¬ 
testines, urinary bladder and genital tract. These der- 
matomycoses are commonly seen in India due to the 
tropical climate and many other factors like hygiene and 
socioeconomic status. Greater population drifts, fast 
means of transport and tremendous advancement in in¬ 
dustry and technology have resulted in certain pockets 
called urban areas. Under these circumstances, if these 
opportunistic fungi accidentally become pathogenic, 
they continue to spread freely. 

In this paper, a detailed study of the incidence of su¬ 
perficial and cutaneous mycotic infections occurring at 
Rourkela, an industrially important town in Orissa, has 
been made. Also included were the frequency of occur¬ 
rence of various species of mycoses and the correlation 
between the site of involvement and causative sites; and 
a survey of certain other predisposing factors was also 
made. 

The samples were collected for a period of one year 
from the suspected patients who visited the Skin and 
Venereal Diseases Department of Ispat General Hospi¬ 
tal, Rourkela. The scrapings were taken aseptically in 
sterile filter papers after applying 70% alcohol on the 
affected areas^. A part of the scrapings was mounted in 
10% KOH and observed directly under the microscope 
to detect the occurrence of fungal elements (spores and 
hyphae). The remaining part of the materials was inocu¬ 
lated to Sabouraud’s dextrose-agar media containing 
cycloheximide and chloramphenicol at 30°± 2°C. After 
an incubation period of 7 days, the fungal species were 
identified by studying macromorphology and micromor¬ 
phology of the organisms. Also, some special tests like 
urease test, hair perforation test and chlamydospore 
formation tests were done using the appropriate media, 
depending on the suspected fungal organism. The iden¬ 
tifications of the fungal organisms were further con¬ 
firmed in the Mycology Division of the School of 
Tropical Medicine, Calcutta. 

A record of the patients’ habitat, age, sex and the 
presence of domesticated animals at home was also 
made. 

Out of 250 cases of superficial dermatomycoses, a 
total number of 195 were observed to be culture¬ 
positive. Most of the cases were KOH-positive. Of 
these, 96, 84 and: 15 collections were identified to be 
cases of dermatophytes, candidiasis and other fungal 
infections like Aspergillus and Penicillium (Table 1). 
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Table 1. 

The relation of clinical types to direct microscopic examination (KOH) and culture 


Total 


KOH-positive 

KOH-negative 

KOH-positive 

Total 

Clinical 

no. of 


culture¬ 

culture¬ 

culture¬ 

culture¬ 

types 

cases 

Percentage 

negative 

positive 

positive 

positive 

T. corporis 

51 

20.4 

15 

6 

34 

40 

T. cruiris 

34 

13.6 

1 

7 

25 

32 

T. pedis 

23 

9.2 

■ 2 

9 

12 

21 

T. menuum 

16 

6.4 

3 

3 

11 

14 

T. barbae 

6 

2.4 

i 

0 

1 

1 

T. unguium 

5 

2.0 

2 

0 

2 

2 

T. capitis 

3 

1.2 

2 

0 

1 

1 

C. intertrigo 

74 

29.6 

11 

19 

38 

57 

C. paronychia 

27 

10.8 

14 

13 

8 

21 

Mixed (C.I. +C.P.)* 11 

4.4 

8 

2 

4 

6 

Total 

250 

90.0 

60 

59 

136 

195 

*C.l. Candida intertrigo 

C.P. Candida paronychia 



Table 2. Dermatophyte species isolated from different clinical types 




Total 

(%) 

Species T. corporis T. cruiris T. pedis T. manuum T. barbae 

T. unouium T. caoitis 

Candida 

intertrigo 

Candida 

paronychia 

Mixed 

38.4 

Trichophyton 36 29 18 12 - 

rubrum 

1 

- 

- 

- 

33.6 

Candida - - - - ' - 

albicans 

_ 

57 

21 

6 

6 

Other fungi 4 3 3 2 1 

Aspergillus 

Penicillium 

1 1 





Table 3. Age and sex relation in clinical types 


Clinical 

types 



Age in years 




Sex 

0-10 

11-20 

21-30 

31-40 

41-50 

Above 50 

Male 

Female 

T. corporis 

2 

5 

23 

16 

2 

3 

48 

3 

T. cruiris 

- 

10 

11 

2 

3 

8 

30 

4 

T. pedis 

- 

1 

6 

13 

2 

1 

3 

- 

T. menuum 

- 

- 

4 

3 

5 

4 

21 

2 

T. barbae 

- 

- 

1 

3 

2 

- 

6 

- 

T. unguium 


- 

- 

4 

1 

- 

4 

1 

T. capitis 

2 

1 

■ 

- 

- 

- 

10 

6 

C. intertrigo 

3 

2 

17 

18 

22 

12 

28 

46 

C. paronychia 

- 

4 

4 

7 

8 

4 

8 

19 

Mixed (C.I. + C.P.)* 

- 

- 

3 

2 

4 

2 

2 

9 


*C.I. Candida intertrigo 
C.P. Candida paronychia 


For comparative purposes, the t test was performed 
yielding the following results. The calculated t value for 
the isolated Tinea and Candida samples was 1.856, for 
Tinea and mixed Candida infections it was 1.449, and 
for Candida and mixed Candida infections it was 0.306. 
It can hence be concluded that the former two results are 
significant at 10% level but in the case of Candida and 
mixed Candida samples it is not significant at all. The 
commonest clinical type among the dermatophytes were 
Tinea corporis, followed by T. cruiris, T pedis, T. 


manuum, T. barbae, Tiunguium and T, capitis. Simi¬ 
larly, in candidiasis Candida intertrigo is followed by 
C. paronychia (Table 1). 

The commonest etiological agent encountered was 
Trichophyton rubrum, followed by Candida albicans. 
The other fungi which were identified were Aspergillus 
Jlavus, A. ficuum, A. niger and Penicillium (Table 2). 
The male patients outnumbered females so far as der- 
matophytic infections are concerned and the reverse is 
true in the case of Candidiasis (Table 3). Also, there 
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Figure 1 . Supcrlicial and culancous mycotic inrcclitms in the year 

1993. 

a 

1. 

2. was discernible fluctuation in the occurrence of the dis- 
ease (Figure I), depending on the climatic conditions 
like temperature and humidity. 

4 , It was observed that all the Tinea lesions were due to 

the fungus T. rubmm (Table 2), a predominantly an- 
thropophilic dermatophyte‘s’^ This indicates that only T. 
riibrum causes dermatophytic infections at Rourkela. 
R Incidence of dermatophytic infections in various regions 
■“ of India has been studied by many workers^'^ but they 
had observed other species of Trichophyton, Micro- 
sporum and Epidermophyton. along with T. rubnim. A 
^ single species of dermatophyte may cause a variety of 
manifestations in different parts of the body. Derma- 
C tologists have employed terminology based on the part 
J of the body involved. Tinea corporis, T. criiiris, T. pe¬ 
dis, T. manuum, T. barbae, T unguium and T. capitis 
denote ringworm infection of the body, groin, face, 
g hands, beard, nails and scalp, respectively. The results 
Q indicate that systemic ringworm infection of the body, 
i.e. T: corporis, is more prevalent at Rourkela. It may be 
I a fact that since other forms of Tinea are restricted to 

s only certain parts of the body, the patients might not 

i have visited the hospital from where the data were col- 

T lected. 

j Besides the clinical types of C. intertrigo and C. par- 
^ onychia, some mixed infections of both were seen from 

^ the collected samples (Table 1). However, in all the 

^ cases the etiological agent determined was C albicans, 
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'fhe lesions were observed in the epidermal and mucosal 
.surfaces of the patients. It has been reported that C al 
hicans causes a variety of localized cutaneous candidia¬ 
sis in healthy individuals to life-threatening systematic 
diseases in immunocompromised hosts^^. Other species 
of Candida like C. parapsilosis, C. tropicalis, C. Stella- 
toides, C. guilliermodii, C. pseudotropicalis, C. 
glahrata, C. krusei and C. neylanoides are saprophytic 
but cause infection very rarely*". 

It was further observed that patients in the age group 
of 11-20 to 31- 40 years were more vulnerable to the 
dermatophytic infections and males outnumbered fe¬ 
males in suffering from T. nibrum lesions (Table 3). 
This may be due to the greater mobility of these persons 
and the nature of their work. It predisposes healthy per¬ 
sons to such mycotic infections since the disease is a 
contagious one. Similar results were obtained by Khare'. 

I lowcver, it was observed that among patients in the age 
group of 20-40 years females outnumbered menfolk in 
having candidiasis infection. Candidal infection in the 
interdigital webs of the skin is seen most frequently 
following repeated prolonged immersion in water since 
most of the patients were housewives, cooks, vegetable 
and fish handlers and dairy workers^’^V But in the pres¬ 
ent study the complaint was found to be more in 
housewives; since the survey of other predisposed 
classes was out of the purview. 

A study was undertaken for collecting samples from 
January 1993 to December 1993 and the frequency of 
fungal patients was found to be more in the month of 
September, which gradually decreased up to December 
(Figure 1). It may be due to the following reason. The 
Industrial town Rourkela experiences extreme weather 
conditions. The atmospheric temperature rises beyond 
40°C during the summer months, i.e. from April to June 
and falls well below 20^C from the middle of November 
to the middle of March. However, the warm, humid 
conditions of the rainy season and temperatuies 
above 30'T" during the months of June to October help 
the appearance, growth and sporulation of the fungal 
disease, which reaches its peak durding the month of 
September. It has been observed that these organisms 
grow best at a temperature lower than the blood tem¬ 
perature^^. 
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Studies on structure and 
organization of calcium carbonate 
deposits in algae 

Vijaya KerkaP’* and A. G. Untawale® 

^Department of Botany, Goa University, Taleigao Plateau, 

Goa 403 203, India 

^National Institute of Oceanography, Dona Paula, Goa 403 004, India 

The structure and organization of calcium carbonate 
deposits is studied in species of Halimeda^ Udotea, 
Neomeris (Chlorophyta) and Padina (Phaeophyta). It 
was found that in Halimeda aragonite deposition 
takes place outside the cell wall and in the intercellu¬ 
lar spaces, while in Udotea aragonitic needles get 
arranged in layers parallel to the axis of filament 
within a sheath. In the case of Neomeris^ crystalliza¬ 
tion takes place around the walls of sporangia. In 
Padina^ aragonite crystals are randomly oriented on 
the surface of cells. 

Almost all algal phyla have some genera which 
have the ability to accumulate various inorganic sub¬ 
stances within or around the cell. However, the pre¬ 
dominant mineral deposits of algae are either 
‘calcite’ or ‘aragonite’^ The way of lime deposition, 
and the type and amount of calcification vary from 
group to group and even from genus to genus . A 
study of the structure and organization of calcium 
deposits is very much essential in the taxonomy of 
calcareous algae, which is possible by using SEM. 
Various studies have proved that this tool offers a 
great potential. Aragonitic deposition in the mem¬ 
bers of nemaliales and Padina is studied by Levy and 
Strauss^ McConnell and Colinvaux"* studied the min¬ 
eral components of Udoteacean forms. 

*For correspondence 
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The calcareous algae of India have been studied in the 
literature for their mineral deposits^, but their structures 
and organization remain uninvestigated. In the present work 
an attempt is made to study the surface morphological fea¬ 
tures of some calcareous algae. The position, mode and 
orientation of aragonitic needles are studied in detail. 

To study the structure and organization of calcium 
carbonate, species of Helimed, Udotea (Chlorophyta - 
Udoteaceae), Neomeris (Chlorophyta - Dasycladiaceae),' 
Padina cavonica (Phaeophyta - Dictyotaceae) collected 
from Agatti, Lakshadweep Atoll (8°-12°13’N, 71-74°E) 
were dehydrated slowly through acetone grades. They 
were first coated with carbon and gold to avoid exces¬ 
sive charging, as suggested by Borowitzka et al^ The 
observations were carried out with camera CAMEBAX 
model 571 Probe Microanalyser. 

Halimeda tuna, H. opuntia and H. simulans showed 
that needles of aragonite completely fill up the intercel¬ 
lular spaces of segments. In H, tuna the crystals were 
10 pm long and 0.3-0.6 pm in width (Figure 1 a), while 
in H. simulans and H. opuntia, mature crystals were of 
uniform size, about 0.08-0.3 pm wide and 4-4.5 pm 
long needles tapering slightly near the ends (Figure 1 c). 
The orientation of the crystals in all the three species 
appeared to be random. Deposition of these crystals was 
observed outside the cell wall but within the intercellu¬ 
lar spaces (Figure 1 b). 

In the case of Udotea indica and U. flabellum arago¬ 
nite the needles were outside the cell wall but within the 
sheath. These needles were 0.07 x 0.4 pm in size and 
occurred in bundles (Figure 1 d). Neomeris annulata 
and N. van-Bosseae showed typical aragonite needles. 
Mature needles are 0.3-0.6 pm wide and 5-6 pm long in 
size (Figure 1 e,f). In both the species the orientation 
of the crystals was observed to be random. In^younger 
parts of the thallus the crystals were found around the walls 
of sporangia (Figure 1 g). But in older parts of the thallus 
the intercellular spaces become filled with crystals. 

Deposits in Padina pavonica showed aragonitic CaCOs 
outside the cell wall (Figure 1 h). Orientation of crystals 
was random (Figure 1 /)• Needles were about -2-4 pm long 
and 0,3-0.4 pm wide. In the oldest part of thallus crystals 
lose their needle shape (Figure ly). These intercellular 
spaces are completely isolated from the external seawater 
by the outer layer of closely appressed utricles. The 
aragonite needles completely fill the intercellular spaces 
of the segment. Wilbur et al.^ reported that in H. monile 
the needle-like crystals get formed in the fibrous material 
of the filament wall when the segments are 36-38 h old. 
Crystal formation seems to coincide with the development 
of chloroplast formation and with the fusion of the outer 
layer of filaments, which isolates the intercellular spaces 
from the outside^’ According to Borowitzka^, the proc¬ 
ess of calcification in the genus Halimeda may be a purely 
physical mechanism resulting from a combination of ana¬ 
tomical and physiological properties of this alga^. 
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Figure 1. Surface morphologies of Halimeda, Vdotea^ Neomeris and Padina spp.: fl, aragonitic needles of H, tuna\ b, M. opuntia, c 
transverse section showing the calcification in the intercellular spaces; c, aragonite needles of H. simulans\ d and e, bundles o1 
aragonitic needles of U. indica and U. flabellum\ f, aragonitic needles of N. annulata\ g, calcium deposition around the walls of spo¬ 
rangia; h, aragonitic needles of N. van-Bosseae\ /, aragonitic needles of P. pavonica; /, aragonite crystals losing their needle-shapec 
appearance at maturity in P. pavonica. 
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According to him, the layer of appressed utricles sepa¬ 
rating the intercellular spaces from the external seawater 
medium increase the length of the diffusion path of ions 
from seawater to the intercellular spaces, whefe the cal¬ 
cification takes place. 

As far as Neomeris annulata and N. van-Bosseae are 
concerned, there is a layer of appressed outer cells sepa¬ 
rating the intercellular spaces from the external medium, 
which indicates the absence of a definite outer cell 
layer. In U. indica, filaments are interwoven closely and 
so help in reducing water movement, creating a long 
diffusion path required for the production of pH changes 
and hence stimulating CaCOa precipitation. The arago- 
nitic needles are arranged in bundles, with n layers 
parallel to the axis of the filament which are enclosed 
within a sheath. This sheath may be playing a direct role 
in calcification by providing an organic matrix for the 
nucleation of crystals^. It is also known to play a role in 
orienting aragonitic needles. Vacuolar inclusions of 
calcium oxalate must be supplementing this process^ 

It can be concluded that in the genus Halimeda, 
aragonite deposition takes place outside the cell wall 
and in the intercellular spaces, while in Udotea aragoni¬ 


tic needles get arranged in layers parallel to the axis of 
the filament within a sheath. In case of Neomeris, crys¬ 
tallization takes place around the walls of sporangia. In 
Padina aragonite crystals are randomly oriented on the 
surface of only the young thalli. 
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Acute toxicity of ammonium sulphate 
to the air-breathing organ of the live 
fish Heteropneustes (Saccobranchus) 
fossilis (Bloch) 

V. I. Paul and T. K. Banerjee 

Centre of Advanced Study in Zoology, Banaras Hindu University, 
Varanasi 221 005, India 

Acute toxicity induced by 2000 ppm (96 h LC50 
value) of the inorganic fertilizer ammonium sulphate 
on the inner epithelial lining of the air sac (accessory 
respiratory organ) of Heteropneustes fossilis has been 
described using histopathological techniques. The 
goblet cells show cyclic increased (due to hyperplasia 
and hyperactivity) followed by decreased (due to ex¬ 
haustion and degeneration) mucogenic activity. Cy¬ 
clic haemorrhage takes place due to rupture of the 
tips of the secondary lamellae, which also regenerate 
several times. This causes hyperplasia of the haphaz¬ 
ardly arranged epithelial cells, leading to decreased 
(secondary) lamellar density. Uncontrolled hyper¬ 
plasia also causes increased distance of respiratory 
blood-air barrier, which along with decreased lamel¬ 
lar density results in impaired aerial respiration, 
leading to asphyxiation and ultimate death of the 
fish. 

Ammonium sulphate, a common agricultural fertilizer, 
is extensively used to increase plankton production ’ . 


Excessive application of this inorganic fertilizer results 
in acute ammonia toxicity. Amongst the organs affected, 
the gills exhibit quick but severe damage^“^, probably 
due to contact stress. On the other hand, the data asso¬ 
ciated with ammonia-induced toxicity in air-breathing 
organs (which in many species are modified gills struc¬ 
tures^’^) are not available. In Heteropneustes fossilis, 
the accessory respiratory organ (ARO) (air sac or bran¬ 
chial diverticulum) is a pair of sac-like backward exten¬ 
sions of the suprabranchial chamber - embedded deeply 
in the body myotomes, one on each side of the body - 
through which the fish respire aerially^’ Hence, this 
organ does not come under direct contact of the external 
medium. An attempt is made here to analyse the toxicity 
of ammonium sulphate (which liberates ionized ammo¬ 
nia also) on the respiratory epithelial lining of the air 
sac of H. fossilis in an attempt to compare (with the 
available data on gills) the mode of action of this ambi¬ 
ent toxicant on these different organs as the mechanism 
of respiration in them is also different. 

H. fossilis (length 16 ±2 cm) collected locally were 
stored in the laboratory for 20 d in tap water in plastic 
aquaria. They were regularly fed with minced goat liver. 
Feeding was discontinued one day before the start of the 
experiment. Ten groups of 10 fish each, irrespective of 
their sex, were exposed to 50 I of 2000 ppm of ammo¬ 
nium sulphate solution (96 h LC50 value determined by 
trimmed Spearman-Karber method^) prepared in tap 
water (dissolved O2 6 mg/1, water temperature 22 ± 2°C, 
pH 7.8, hardness 23.2 mg/1). In controls, addition of 
ammonium sulphate was escaped. After every 24 h, both 
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Figures 1-6. 1, Transverse section showing structural organization of the respiratory epithelium of the ARO of untreated H.jossilis. 

(CT = connective tissue, EC = (polygonal) epithelial cells, L = lumen, MC = mucous cells, SL = secondary lamellae); H/E, 1143x. 

2, Whole-mount preparation showing normal distribution of the respiratory islets (bearing SL) separated by nonvascular lanes; H/E, 
286x. 3, Whole-mount showing hyperplasia of goblet mucous cells after 4 d; H/E, 1143x. 4, Transverse section showing bulging out 
of the tips of the SL into the L after 6 h; AB/PAS, 1143x. 5, Transverse section showing SL projecting into the L as finger-like struc¬ 
tures after 1 d; H/E, 1143x. 6, Transverse section showing shedding due to wear and tear of the cells at the tips of the SL, resulting in 
haemorrhage after 12 h; H/E, 1143x. 

the media were renewed. Dead fish, if any, were imme- neutral formalin and Bouin’s fluid from each of the 6 h, 

diately removed. Decrease in concentration of ammo- 12 h, 1 d, 2 d, 3 d, 4 d, 6 d, 8 d and 10 d treated speci- 

nium sulphate between two renewals was not measured. mens. Six micron thick paraffin sections as well as 

Fragments (1 cm) of the air sac from the anterior end of whole mounts were stained with Ehrlich’s haematoxylin 

3 experimental and 3 control fish were fixed in 10% and eosin (H/E) (for pathomorphoiogical analysis), and 
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Table 1. Summary of the histochemical alterations in the carbohydrate content of respiratory epithelium of the ARO at various time intervals 

of treatment 


Technique Cell type 

Control 

6h 

12 h 

1 d 

2 d 

3 d 

4 d 

6d 

8 d 

10 d 

PAS for neutral 

EC 

0 

0 

0 • 

0 

1+ 

0 

0 

0 

0 

1+ 

glycoproteins 

MC 

2 -I- a 

2 + a 

2 + a 

3 + a 

3 + a 

2 + a 

2 + a 

4 + a 

2 + a 

2 + a 



3 + b 

4 + b 

2 + b 

3 + b 

3 + b 

3 + b 

3 + b 

4 + b 

3 + b 

3 + b 

AB 1.0 for sulphated 

EC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

glycosaminoglycans 

MC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

AB 2.5 for acidic 

EC 

0 

0 

± 

+ 

+ 

± 

0 

0 

0 

0 

glycoproteins 

MC 

3-i-a 

3 -1- a 

3 + a 

2 + a 

2 + a 

2 + a 

4 + a 

4 + a 

4 + a 

4 + a 



44-b 

4 -h b 

4 + b 

3 + b 

2 + b 

2 + b 

4 + b 

4 + b 

4 + b 

4 + b 

AB/PAS for acidic and 

EC 

0 

0 

±g 

±g 

±P 

± g 

0 

0 

0 

±r 

neutral glycoproteins 

MC 

3 + P 

4 -f p 

4 + pgr 

4 + p 

4 + p 

4 + p 

4 + p 

4 + p 

2 + p 

4 + p 

BB for water-stable 

EC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

mucoproteins 

MC 

3 + 

3 + 

3 + 

2 + 

1 + 

3 + 

4 + 

4 + 

2 + 

2 + 

PAS-positive saliva 

EC 

0 

1 + 

+ 

1 + 

1 + 

1 + 

0 

1 + 

± 

1 + 

labile glycogen 

MC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Symbols and abbreviations: 

AB l.O 

= alcian blue of pH 

1.0; AB 2.5 = 

alcian 

blue of pH 2.5; BB 

= bismark brown; EC = epithelial cells; 

MC = mucous cells; PAS = 

periodic acid schiff; 

AB/PAS = alcian blue pH 2.5/periodic acid schiff; a = cell 

content; 

b = cell periphery; 

p = bluish purple; g = bluish 

1 green; 

r = few cells 

red; 0 = 

negative reaction; ± 

= faint; 1 + 

= weak; 

2 + = moderate; 3 + 

= strong; 

4 + = very 


strong. 



Figures 7-10. 7. Transverse section showing massive haemorrhage caused by abrasion of the outer layer of the epithelium, resulting 
in large-scale wear and tear of SL after 3 d; H/E, 1143x. 8, Transverse section showing considerable regeneration and the resultant 
formahon of SL of the epithelial lining after 6 d; H/E, 1143x. 9, Whole-mount showing hyperplasia of (polygonal) epithelial cells 
causing thickening of the SL; H/E, 1143x. 10, Transverse section showing deposition of glycogen in the muscle of ARO after 8 d; 
PAS, 1143X. 
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with various histochemical methods^^ for different car¬ 
bohydrate moieties (Table 1). 

The innermost lining of the thin-walled ARO of con¬ 
trol H. fossilis is a typical mucous membrane (Figure 1) 
next to which serially arranged are basement membrane, 
connective tissue layer, a thin membrane and a thin 
muscular coat. The inner lining consists of vascular and 
nonvascular areas. The vascular areas are represented by 
large and small islets of secondary lamellae (SL)^ 
(Figure 2). Islets (primary lamellae) are formed by 
double rows of modified secondary gill lamellae that 
project into the lumen of ARO. In transverse sections 
(TS) these lamellae appear as vertical columns penetrat¬ 
ing perpendicularly into the multilayered epithelium 
(Figure 1). Occasionally, these lamellae in TS appear to 
bulge out into the lumen as finger-Iike projections. In 
whole-mount preparations the tips of the SL project into 
the lumen. Each SL is made up of serially arranged pil¬ 
lar cells (Figures 1 and 2). In between the pillar cells are 
found definite blood channels. The nonvascular areas of 
the epithelial lining are made up of 7-8 layers of poly¬ 
gonal epithelial cells (ECs) and several large mucocytes 
(Figure 1). A thin layer of PAS-negative and AB-2.5- 
positive slime covers the epithelial surface at certain 
places. The moderately PAS-positive basement mem¬ 
brane runs into the epithelium along with the SL. 

In spite of the fact that the inner lining of the ARO 
does not come into direct contact with the medium, it 
still shows severe damage within a few hours of expo¬ 
sure and the damage resembles greatly that of the 
gills'^’perhaps because the ARO is also a modified gill 
structure. One of the most important manifestations of 
the ammonium sulphate exposure to ARO which it 
shares with the gills is the increased mucogenic activity 
of its goblet cells, which, after elaboration of their prod¬ 
ucts, show periodic increases followed by decreases in 
their density and volume occupancies (Figure 3)^^ at 
different intervals of treatment. The gills of fish exposed 
to ammonia"^ and some other xenobiotics^~ show fusion 
of their SL. The AROs of exposed fish, however, do not 
show similar fusion of their SL, perhaps due to shorter 
lengths of their free tips (instead of long filamentous 
free-floating lamellae of gills) available for adhesion. 
Further, because the SL in the ARQ do not come in di¬ 
rect contact with the toxicants, their surfaces mostly do 
not corrode. According to Daoust et al. the lamellar 
adhesion in gills might also be due to contact stress, 
which causes erosion and consequent alteration in the 
chemical composition or thickness of the mucous layer 
after interaction with xenobiotics, which disturb the 
nonnal ability to recognize different cell types, resulting 
in ftision of the SL. 

Alter 6 h of treatment, the SL appear more promi¬ 
nently exposed, bulging out into the lumen as finger-like 
projections (Figure 4). Subsequently, after 24 h, these 
lamellae project out further (gorged with RBCs), giving 
the inner epithelial lining a comb-iike appearance 
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(Figure 5), especially in PAS and AB 2.5/PAS prepara¬ 
tions, which stain clearly the course of the basement 
membrane (of the SL, also penetrating deep into the 
epithelium as vertical strands, without breaking open the 
epithelium). Simultaneously, the tips of many of the SL 
also rupture even after 12 h of exposure, due to wearing 
out of the thin barrier (respiratory epithelium) (Figure 6) 
between the respiratory blood in the islets and the air in 
lumen. Although regeneration of the SL takes place 
quickly, similar damage continues to occur and becomes 
more prominent subsequently, causing a decrease in the 
number of the SL (massive destruction of the SL causes 
their prominent decrease in their number after 2 d). Af¬ 
ter 3 d, regeneration of the SL as a blunt process causes 
an increase in their number; however, simultaneous wear 
and tear of the outer layer of the epithelium results in 
large-scale damage, leading to haemorrhage (Figure 7). 
Healing and regeneration of the epithelium, although 
incomplete, causes hyperplasia of haphazardly arranged 
ECs (from 12 h onwards), which results in smoothening 
of the epithelial surface and, consequently, to marked 
disappearance of the finger-like bulged SL. Due to con¬ 
tinuous treatment, the respiratory structures of the re¬ 
generated SL show only partial healing and enclose 
much less amount of blood materials. Subsequently, up 
to 6 d, the SL regenerate completely (Figure 8) and 
appear identical to those of the control fish. Later, after 
8 d the epithelial lining thickens (Figure 9) due to hy¬ 
perplasia, causing a decrease in the number of SL, and 
after 10 d haemorrhage again occurs due to rupture in 
the epithelial lining, causing a further decrease in lamel¬ 
lar density. This cyclic damage of the SL followed by 
their regeneration and hyperplasia with increased dis¬ 
tance of respiratory blood-air barrier and decreased la¬ 
mellar density certainly impairs normal aerial respi¬ 
ration, causing asphyxiation and ultimate death of the 
fish. The disturbed physiology of the air sac is also ex¬ 
hibited by accumulation of glycogen in its epithelial 
(Table 1) and muscular cells (Figure 10) at various 
stages of exposure. This deposition of glycogen is per¬ 
haps due to enhanced blood glucose leveland de¬ 
creased oxygen consumption resulting from impaired 
aerial respiration of this fish^"^. Deposition of PAS- 
positive material in the damaged liver cells following 
exposure to ammonia has also been observed in juvenile 
gilthead seabream Sparus aurata^^. 
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Disaster Management Societal Vul¬ 
nerability to Natural Calamities and 
Manmade Disasters - Preparedness 
and Response. Indu Prakash. Rashtra 
Prahari Prakashan, 7/50, Rajendra Na- 
gar, Sector 2, Sahibabad, Ghaziabad. 
1994. Price: India Rs 350, elsewhere US 
$30. 412 pp. 


In this book the author analyses com¬ 
prehensively the intricacies of emer¬ 
gency preparedness by citing several 
case studies pertaining to both natural 
calamities and manmade disasters, and 
suggests through cogent arguments, the 
need for formulating plans for disaster 
management. The book first introduces 
the subject matter by recounting the 
consequences of selected major disas¬ 
ters that occurred in the past, and by 
demonstrating its multifaceted nature, 
establishes a natural relationship be¬ 
tween parameters of the disaster man¬ 
agement plan and the nature and extent 
of vulnerabilities that a given society 
faces. The book is divided into three 
parts. 

In the first part, a list of major natural 
disasters, viz. earthquakes, floods, 
drought, volcanoes, forest fires, coastal 
hazards and landslides is provided and 
the various facets of their consequences 
and the extent of damage caused by 
these events are presented. Further, the 
unpredictable nature or difficulties in¬ 
volved in forecasting of these events are 
discussed. 

The second part is devoted to chemi¬ 
cal and industrial disasters. The author 
discusses various kinds of fire, explo¬ 
sion and toxic events possible with 
these disasters and discusses the role of 
human error and equipment failures in 
their fructification. Detailed case studies 
on Bhopal and Chernobyl incidents are 
presented to emphasize various local, 
national and international ramifications 
of the disasters. 

In the last part, different components 
of disaster management are discussed 
with emphasis on the role and prepared¬ 
ness of government and international 
agencies. 

The strength of the book lies in pro¬ 
viding a wide perspective of disaster 
management and in focusing on the 
vulnerable components of emergency 
plans. The weakness, however, lies in 
its failure to analyse the frequencies of 
occurrence of different natural and 
manmade incidents. This, if done, 
would have provided a quantitative 


handle to plan new industrial sites and 
to convince the industrial management 
about the need to consider the natural 
calamities in the overall risk potential of 
the installation. 

There are grammatical or typographi¬ 
cal errors at places but they do not dis¬ 
tort or affect the substance of the text. 

The book is recommended as a refer¬ 
ence source for industrial managers, 
civil administrators, industrial policy 
makers and the consultancy groups in 
industrial risk analysis. 

G. Thyagarajan 

Central Leather Research Institute 
Adyar 

Madras 600 020, India 


Stereochemistry of organic com¬ 
pounds - principles and applications 

(second edition). D. Nasipuri. Wiley 
Eastern Limited, 4835/24, Ansari Road, 
Daryaganj, New Delhi 110 002. 1991. 
Price: Rs 200. 564 pp. 


Barring a few who are working in re¬ 
search areas steeped deep in stereo¬ 
chemistry, a majority of teachers and 
students treat this subject as a maze and 
a necessary evil. On second thoughts, 
this should sound unnatural, for we live 
in a three-dimensional world and feel 
the stereodifferentiation in our day-to- 
day lives. The problem is probably in 
the way we start teaching chemistry. At 
the formative levels, we introduce the 
subject in a two-dimensional format and 
at a later stage we develop the third 
dimension. The problem has been fur¬ 
ther complicated by the lack of an 
authoritative text book for teachers for 
introducing the subject in the correct 
perspective. The book by E. Eliel served 
this purpose admirably from the college 
level onwards up to the level of ad¬ 
vanced students in stereochemistry. This 
vast range had made the volume a trea¬ 
tise for intensive reading. On the other 
hand, a general text book on organic 
chemistry finds limited space to do 
proper justice at an introductory level. 
An authoritative book bridging the gap 
has been long overdue. This volume by 
Prof D. Nasipuri attempts to fill the 
gap. 

In the book under review, the night¬ 
mare called ‘nomenclature in stereo¬ 
chemistry of carbon compounds’ has 
been mercifully simplified with the 


newer approach now available. The 
conformation of acyclic and cyclic com¬ 
pounds had been treated sufficiently in 
detail to be of value to graduate stu¬ 
dents and teachers. The classical treat¬ 
ment on conformation and reactivity has 
been dealt with proper examples and 
illustrations. The author has done well 
to start the comparatively modern topic 
of stereodifferentiation reactions with 
definitions and has followed it up with 
detailed discussions. Students would 
find these discussions useful before 
proceeding to the advanced treatise. The 
inclusion of pericyclic reactions as a 
chapter in a book on stereochemistry 
could be debated. But there could be no 
doubt on the chapter on molecular rec¬ 
ognition. This is a welcome addition 
which brings in new vistas. The topic is 
a newly emerging frontier in stereo¬ 
chemistry and chemical reactivity, 
which attempts to unfold the reactivity 
of mystic enzymes and factors relating 
to gene recognition. The concepts on 
conformation get expanded to larger 
conformational space in this treatment. 
The scope of this new frontier has been 
delineated very well. 

Though the discussions throughout 
the text have been w'cll-illustrated, the 
illuslruiions are crowded and the print 
types chosen do not always bring out 
the desired contrasts. These are, of 
course, minor aberrations in the mas¬ 
terly '\ ritten text book on stereochemis¬ 
try. The undergraduate and graduate 
students throughout the world would 
welcome this book. 

R. Balaji Rao 

Banaras Hindu University 
Varanasi 221 005, India 


Global Networks. Computers and In¬ 
ternational Communication. Linda M. 
Harasim (ed.). The MIT Press, Cam¬ 
bridge, Massachusetts 02142, USA. 
1994. Price: $16.95.411 pp. 


When half the world is ‘hooked on’ 
global nets, we are still struggling to 
connect with our counterparts using 
‘snail mail’. The story of Global Net¬ 
working takes us back to almost one- 
and-a-half century when Marco Polo 
conveyed letters from the church of 
Rome to the Emperor of China. The 
major events of telecommunication be¬ 
gan around the 1840s when the 
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'telegraph' came into existence. A little 
later, in 1875, Alexander Graham Bell 
rang the ‘belF and then came the first 
submarine telephone cable in 1956. 
Telstar, the telecommunication satellite, 
in 1962 was followed by fibre optic 
communication in 1977. 

Actually, it all began with some bril¬ 
liant design decisions in the late sixties, 
when Pentagon scientists were asked to 
find the best way for an unlimited num¬ 
ber of computers to communicate - 
without relying on any single computer 
which would take charge of them. It was 
then that Pentagon decided to bet on a 
new communication technology called 
packet switching, which came to be 
known as ARPANET in 1969. 
ARPANET quickly expanded to dozens 
of universities and corporations, which 
added many refinements. These refine¬ 
ments could help people exchange e- 
mail, retrieve into distant databases, run 
supercomputers from a distance, brain¬ 
storm via electronic bulletin boards and 
enjoy telcvirtuality. These innovations 
in communication protocols are now 
known to us as the INTERNET. It al¬ 
lows n number of computer networks to 
link up and act as one. 

Our need to communicate and de¬ 
velop new tools to do so forms the his¬ 
tory of civilization and culture. 
Computer networks are recent develop¬ 
ments and were immediately adopted by 
people for communication and adapted 
into networlds, which are new spaces 
for social, work and educational inter¬ 
action. Networlds offer a new place for 
humans to meet and promise new forms 
of social discourse and community. 
Today, we are only at the threshold 
of understanding their promises and 
challenges. The way our network envi¬ 
ronments are shaped and designed in¬ 
fluences the nature and quality of the 
social space they offer. Social policy 


will also determine their role and impli¬ 
cations. Social awareness of the need to 
shape networlds and to participate in 
that process will be essential to ensure 
that networlds enable humanity to ex¬ 
press itself in new and hopefully better 
ways. 

This book takes up a host of issues 
raised by the new networking hi-tech 
that now links individuals, groups and 
organizations in different countries and 
on different continents. Twenty-five 
contributors, from various parts of the 
globe, focus on the implementation, 
application and impact of computer- 
mediated communication in a global 
context. Although originally limited to 
scientific research, computer networks 
now have an impact on social, educa¬ 
tional and business communications. 
Business applications are now being 
regularly illustrated in our daily news¬ 
papers as part of our post-liberalization 
boom. Individuals with a personal com¬ 
puter, a modem and some simple soft¬ 
ware can join a new social community 
that is based on interest, not location. 
This book provides a clear understand¬ 
ing of the issues, opportunities and pit- 
falls of this new social connectivity. It 
looks at how networking technology can 
support and augment communication 
and collaboration from such perspec¬ 
tives as policy constraints and oppor¬ 
tunities, language differences, cross- 
cultural communication and social net¬ 
work design. 

Basically, it is divided into four major 
parts, viz. Overview: From technology 
to community; Issues in globalizing 
networks; Applications of global net¬ 
working; and Visions for the future. 

Part I introduces and examines the 
social nature of-global networks. The 
chapters look at networlds and network 
communities to explore human interac¬ 
tion on the networks as technology be¬ 


comes community. In Part 2, issues 
related to policy, organizational com¬ 
munication and cross-cultural commu¬ 
nication are explored from several 
perspectives, viz. legal, impacts on la¬ 
bour relations, usefulness for a globally 
competing company, contrasting cul¬ 
tures such as American and Japanese 
and, finally, security systems for the 
nets. Part 3 presents and analyses case 
studies of practical experiences. The 
contributors, all pioneers in global net¬ 
working, present their experience within 
a framework that can provide lessons 
for other organizations in implementing 
their own networking ventures. The 
final four chapters are all set for the 
future of global networking, viz. future 
concepts and goals. 

The editor, Linda Harasim, holds a 
doctorate in educational theory from the 
University of Toronto, and is Associate 
Professor, Department of Communica¬ 
tion, Simon Fraser University in British 
Columbia, Canada. She has been active 
for the past decade researching educa¬ 
tional and organizational applications of 
computer networking. She has designed, 
implemented and evaluated networking 
applications in Canada, United States 
and Latin America and was the organ¬ 
izer of the Global Authoring Network 
(GAN), which linked the contributors of 
this book. 

Altogether, a well-designed book 
which has been prepared with zeal and 
gusto, it should be useful to students as 
well as professionals in information 
technology. 

P. S. Ghaswala 


Bharat Serums and Vaccines Pvt Ltd 
534, Bombay Mutual Terrace Building 
Bombay 400 007, India 
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A leading horticulturist and conservationist 

An obituary of Prof. A. Abraham (1914-1994) 


In the death of Professor A. Abraham, 
India lost a leading horticulturist and 
conservationist as well as a renowned 
scientist, educationist and administrator. 
The inspiring story of the establishment 
of the Tropical Botanic Garden and 
Research Institute against heavy odds is 
actually the three-decade-long saga of 
Abraham. Conservation had not gained 
the present-day status or relevance in 
1949 when Abraham formulated a plan 
to save the declining genetic wealth of 
Western Ghats by setting up a Research 
Garden. Predictably, his proposal 
evoked little response from the govern¬ 
ment. Undaunted, he launched a cam¬ 
paign to educate the bureaucrats and 
their masters which went on for thirty 
years before sanction was obtained for 
the establishment of the Garden in 
1979. 

Government’s green signal, however, 
marked only the beginning of travails. 
Getting suitable land, training the req¬ 
uisite staff, raising basic collections and 
building up infrastructural facilities 
posed formidable problems. In the areas 
of planning, plant materials and staff 
training, the Royal Botanic Gardens, 
Kew, gave generous and sustained pro¬ 
fessional help. With the co-operation of 
Kew and of other Gardens and experts, 
the Tropical Botanic Garden was soon 
set up successfully. Abraham was the 
Director of the Garden for the first four 
years and even after his formal retire¬ 
ment continued to guide the develop¬ 
ment of the Garden. 

The Garden was his dream and he 
strived long for its realization, but 
Abraham had other interests too and left 
his imprints in the areas of higher edu¬ 
cation, administration and research. As 
Dean of Science and as Vice-Chairman, 


Council of Research of the Kerala Uni¬ 
versity, he played a crucial role in the 
organization of research and teaching 
departments, in restructuring syllabii 
and in developing a new University 
campus at Kariavattom near Trivan¬ 
drum. Membership in the policy-making 
bodies such as the Syndicate of the 
'Kerala University helped to hasten his 
drive for educational reforms and also 
aided his efforts to start two more Uni¬ 
versities - Cochin and Calicut - in the 
Kerala State. 



Administration claimed a major share 
of his time but it did not affect his con¬ 
tributions to basic and applied sciences. 
UR-19, the rice strain, and the high- 
yielding M-4 Cassava variety he intro¬ 
duced from Malaya were vital contribu¬ 
tions to the agriculture sector. He was 
an internationally known cytogeneticist 
and in pteridophyte cytology the Trivan 


drum school he established gained leader¬ 
ship even as early as in the fifties. Many 
were the research students he trained 
and several of them made a mark in the 
research areas to which he had carefully 
and rigorously introduced them. 

Along with his research contributions, 
Abraham is known for his mastery in 
building institutions; among them are 
the University Botany Department and 
the Central Tuber Crops Research Insti¬ 
tute in Trivandrum. In 1972, he became 
the first Chairman of the Committee on 
Science and Technology of the Kerala 
State and helped nourish the several 
research institutions under its care. The 
four-year assignment at the FAO helped 
to strengthen and expand his interna¬ 
tional contacts. This remarkably rich 
and varied career stood in good stead in 
commissioning the cherished project of 
Tropical Botanic Garden against seem¬ 
ingly invincible obstacles. 

Abraham was extremely generous and 
compassionate and, for the needed, was 
an ever-dependable source of sympathy, 
support and succour. His colleagues, 
students and friends will long remember 
his majestic bearing, his great strength of 
character and the courageous leadership he 
provided in times of crises. In science, his 
best memorials are the great institutions he 
built, the finest of which, of course, is the 
Tropical Botanic Garden and Research 
Institute of Palode in Kerala, India. 


P. PUSHPANGADAN 


Tropical Botanic Garden and 
Research Institute 
Karimancode, Pacha-Palode 
Thiruvanthapuram 695 562, India 
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From Eduard Suess to Emile Argand: Reflections on Tethys 
and India-Asia tectonics 


Rasoul B. Sorkhabi 


The creation of a science, like that of a 
world, demands more than a single day; 
but when our successors write the his¬ 
tory of our science, I am convinced that 
they will say that the work of Suess 
marks the end of the first day, when 
there was light.' 

Professor Marcel Bertrand in the 
preface to the French translation of 
Suess’ book, The Face of the Earth. 

In 1914 the Austrian geologist-Eduard 
Suess, who in the words of Sir Ar¬ 
chibald Geikie had ‘made himself ac¬ 
quainted with the geological literature 
of almost every country on the face of 
the globe’^ ’died. Ten years later, the 
Swiss geologist Emile Argand (1879- 
1940) published La tectonique de I'Asie 
(Tectonics of Asia), which reconciled 
Suess’ ideas with the continental drift 
hypothesis of Alfred Wegener (1880- 
1930). Much of the existing literature 
on the development of tectonics are 
heavily concentrated on post-1950s 
achievements in plate tectonic theory, 
with Alfred Wegener as the father of 
this ‘revolution in Earth sciences’*. 
Suess and Argand’s names are rarely 
found in today’s geology textbooks. 
Even some historians of geology^"^ have 
ignored Suess’ contributions. (Perhaps 
to overcome this shortcoming in 
his book, Geikie published an article 
on Suess in 1905 in Nature^.) How¬ 
ever, Wegener, Frank Taylor (1860- 
1938), Emile Argand and Alex du Toit 
(1878-1948), who developed the 
concept of drifting, colliding contin¬ 
ents during the 1910s-1930s, were 
all influenced by Suess’ writings and 
ideas. 

This essay, by way of paying homage 
to Suess and Argand, highlights some 
aspects of their geologic contributions 
and concepts pertaining to India-Asia 
tectonics. The science of continental 
tectonics typically manifested in the 
India-Himalaya-Tibet region is still (to 
quote Newton) ‘standing on the shoul¬ 
ders of these giants’. 


Eduard Suess: Earth and 
politics 

Details of Suess’ biography and scien¬ 
tific career and contributions is out of 
the scope of this essay. Interested read¬ 
ers may refer to references 1, 7-14 and 
the references therein. Suess’ autobiog¬ 
raphy, Erinnerungen (1916), discusses 
his family background and political 
activities with limited information on 
his scientific accomplishments. In this 
section, I shall give only an outline of 
Suess’ life as a background to under¬ 
stand his geologic legacy. 



Eduard Suess 


Eduard Suess was born in London on 
August 20, 1831, to a family of German 
origin, but lived most of his life in Vi¬ 
enna. He died on April 26, 1914. Suess 
entered the Gymnasium at a very early 
age - thanks to his skills in English, 
German and French. Although he pur¬ 
sued higher education at Prague and 
Vienna, Suess never took a degree 
probably because of his involvement in 
political activities, and geological-field 
work and excursions. While a student, 
he took part in the Vienna Revolution, 
which ended the dictatorial age of Kle- 
mens von Metternich (1815-1848) in 
Austria. Suess’ interest in politics and 


social issues continued throughout his 
life. He was elected to the Vienna city 
council from 1863 to 1886, to the Diet 
{Ladtag) of Lower Austria from 1869 to 
1896, and to Parliament (Reichsrat) 
from 1872 to 1896, representing the 
Liberal Party. 

Suess devoted his life to geology, be¬ 
coming a paid assistant in Hofmuseum 
in 1852. Initially, he studied the anat¬ 
omy and taxonomy of graptolite and 
brachiopod fossils, but then turned his 
attention to the mountain belts of 
Europe, and in 1853 took part in a geo¬ 
logical traverse across the Dachstein 
mountains - a lofty mass of Triassic 
limestone in the eastern Alps. He then 
visited the Swiss Alps (from 1854), 
France (from 1856), Germany (from 
1856), England (from 1862) and Italy 
(from 1867) accompanied by outstand¬ 
ing geologists of each region. In 1857, 
at the age of 26, Suess was hired as 
Extraordinary Professor by the Univer¬ 
sity of Vienna, and despite many oppor¬ 
tunities for higher civil positions, Suess 
retained his chair of professorship in 
geology at Vienna until 1901. 

At the farewell lecture on the occa¬ 
sion of his resignation from the Uni¬ 
versity of Vienna, Suess quoted the 
English writer Bulwer Lytton as saying, 
‘When a man of great age is surrounded 
by children, he then sees at the end of 
his days, not a period, but only a 
comma’. He then continued, ‘And now I 
have reached the comma. When I be¬ 
came a teacher, I did not cease to be a 
student; and now that I cease to be a 
teacher, I shall not cease to be a student 
so long as my eyes see, my ears hear, 
and my hands can grasp. With this wish, 
I therefore do not step out, but take up 
my former position’These words 
eloquently express Suess’ life-long 
passion for Earth sciences. 

Suess wrote several articles and 
books, but he is best remembered for 
his two works: Die Entstehung der Al- 
pen^^ (The Origin of the Alps) pub¬ 
lished in 1875; and Das Antlitz der 
Erde^'^ (The Face of the Earth) (1883- 
1909). 
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The writing of Entstehung dates back 
to 1865, when Suess was commissioned 
to prepare a treatise on the geology of 
the Austrian Empire, and for which he 
had received a leave of absence and 
funds to travel. The title of Entstehung 
is rather misleading since it presents not 
only Suess’ field observations and 
thoughts on the eastern Alps but also a 
review of mountain chains in the North¬ 
ern Hemisphere, both old and young, 
and a model for the formation of moun¬ 
tains, which will be described later in 
this essay. 'This booklet of only 168 
pages with no figures betrayed the dawn 
of. a new era in tectonic research’^”. 
Entstehung has not been translated into 
English, but brief selections are avail¬ 
able in references 18 and 19. 

Entstehung constituted a theoretical 
basis for Suess’ magnum opus, Antlitz. 
The book began in 1883, when Suess 
signed a contract with F. Tempsky in 
Prague for a three-volume publication. 
Fascicles of the first volume appeared 
betw^een 1883 and 1885, the second in 
1888, and the third. Part 1, in 1901, and 
Part 2 in 1909. Antlitz was translated 
into French, La face der la terra, by 
Emmanuel de Margerie (four volumes, 
1897-1918, Paris) and into English, The 
Face of the Earth, by Hertha B. C. Sol- 
las under the direction of W. J. Sollas 
(four volumes, 1904-1909, Oxford; 
the fifth volume being the index, which 
appeared in 1924). In this essay, I 
have used Sollas’ authorized transla¬ 
tion"^. 

Trend-line tectonics 

Antlitz begins with an imaginary extra¬ 
terrestrial observer (Suess himself in¬ 
deed, because of his bird’s-eye view of 
geology) who desires to unravel the 
tectonics of the Earth, and to do so he 
adopts ‘the plan of trend-lines, written 
by nature on the face of the earth(III, 
p. 3). Trend-line tectonics or analysis of 
directions and attitudes in the mountains 
had also been used by Suess’ predeces¬ 
sors, especially by the Swiss mountain¬ 
eer Horace-Benedict de Saussure 
(1740-1799), the German naturalist 
Alexander von Humboldt (1769-1859) 
and the French geologist Elie de Beau¬ 
mont (1798-1847) (who was impressed 
by Abraham Werner’s notion of paral-' 
lelism and directionality of mineral 
veins). But Suess’ tectonic deductions 
were more sophisticated and conform to 
the present-day geologic knowledge. 


For example, Suess distinguished 
between Pacific-type and Atlantic-type 
continental margins. In the former, 
mountain chains run ‘either parallel to 
the coast or in curves concave to it, 

... thus showing that some definite 
connexion unquestionably exists be¬ 
tween the outer delamination of the 
continent and its internal structure’. But 
on both sides of the Atlantic, a moun¬ 
tain chain either ‘turns its back to the 
sea’, as in the Appalachians, or else 
‘cuts transversely across the structure of 
the land’, as in Scotland. The Indian 
Ocean is bordered by both types of con¬ 
tinental margins: ‘The whole of the east 
coast of Africa, the Arabian coast, and 
that of Indian Peninsula’ are of the At¬ 
lantic type. And ‘from Chittagong, at 
the head of the Bay of Bengal, down to 
Java’, and from ‘the mouths of the In¬ 
dus, then along the Persian Gulf’ are of 
the Pacific type"° (I, pp. 5-6). The va¬ 
lidity of Suess’ concept of continental 
margins has been confirmed on the ac¬ 
count of plate tectonics. In 1962, 
Dietz^^ recognized that in an ‘active’ 
continental margin (the Pacific type), 
the oceanic crust (sima) is slipping be¬ 
neath the sialic continent, thus forming 
marginal mountains owing to drag force, 
while in a ‘passive’ continental margin 
(the Atlantic type) the continental block 
is moving with the ocean floor. 

Another example of Suess’ trend-line 
tectonics is the concept of ‘syntaxis’ 
and 'virgation’ - terms coined by Suess 
for the sheaf-like pattern of mountains 
converging at a common centre 
(syntaxis), and its opposite (i.e. diver¬ 
gent) pattern (virgation). These terms 
are seldom used in modern textbooks of 
structural geology and tectonics, but 
they provide useful concepts. The 
Kashmir-Pamir syntaxis is perhaps the 
best-known example, and indeed Suess 
devoted a full chapter of-the Volume I 
of Antlitz to ‘The syntaxis of the moun¬ 
tains of India’ with a beautiful col¬ 
oured-map drawn from the works of 
researchers at the Geological Survey of 
India. Later D. N. Wadia worked out the 
stratigraphy, lithology and structure of 
Kashmir-Nanga-Parbat syntaxis and 
showed it to be the result of a tongue¬ 
like projection from the Indian shield"^. 

Trend-line tectonic analysis using 
satellite images has been applied by 
Molnar and Tapponnier^^’which has 
indicated the eastward displacement of 
Indo-China block and east-west exten¬ 
sion of Tibet, probably related to the 
India-Asia collision. 


Waves of Eurasian mountains 

Sir Charles Lyell (1797-1875), one of 
the founding fathers of modern geology, 
in his Principles of Geology (1830- 
1833) offered little on the formation of 
mountain chains, probably because the 
grand, cataclysmic scheme of mountains 
could not be easily explained by his 
theory of a slow, gradual and uniform 
Earth history (Uniformitarianism). The 
second half of the 19th century was, 
therefore, ripe for a new direction in 
geology: tectonics and the origin of 
mountains. The term 'tectonics’ was 
first introduced as geotektonics (Greek: 
‘earth-building’) in the first volume of 
Karl Friedrich Naumann’s Lehrbuch der 
Geognoise (A Textbook of Geognosy) 
published in 1850. In the 19th century, 
‘dynamical geology’ included studies of 
both geomorphology and tectonics. 
Suess’ Entstehung and Antlitz were 
seminal works in the field of tectonics. 

Suess disagreed with the then prevail¬ 
ing concept of vertical uplift of the 
Earth's crust under the thermal influ¬ 
ence of plutonic and/or volcanic activ¬ 
ity, as advocated by James Hutton 
(1726-1797), Leopold von Buch (1774- 
1853), Alexander von Humboldt and 
Bernhard Studer (1794-1887). Suess 
provided two arguments against mag¬ 
matic uplift. One was based on the age 
relations between magmatisni and fold¬ 
ing: folded basalts could not be 
the cause of their own folding, and 
granitic rocks of ‘Central Massits’ 
(‘centralmassen’ named by Studer) were 
much older than the molasse sediments 
of the same mountains. (The terms 
‘molasse’ and ‘flysch’ were also coined 
by Studer.) Secondly, the localized size 
of magmatic uplifts could not explain 
the thrusting and folding of the entire 
mountain chain^^’ 

Suess then supported the idea of a 
secular cooling, contracting, collapsing 
Earth with horizontal movements to 
produce fold-and-thrust belts and subsi¬ 
dences to produce relief The notion of a 
cooling, shrinking Earth goes back to 
Rene Descartes (1596-1650), Gottfried 
von Leibniz (1646-1716), Georges 
Buffon (1707-1788), Elie de Beaumont, 
Constant Prevost (1787-1856) (to 
whom we owe the analogy of wrinkles 
of a ‘drying apple’ for mountains on the 
Earth), and James Dana (1813-1895),. 
Suess firmly believed in this process, 
rejected any absolute uplift of rocks and 
regarded the crystalline rocks of the 
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Central Massits as tectonically passive. 
He concluded the first volume of Antlitz 
as claiming, ‘The breaking up of the 
terrestrial globe, this it is we witness’^® 
(I, P- 604). 

For the planet under tension, Suess 
attributed two types of dislocations: 
‘tangential’ movements (parallel to the 
Earth’s surface) which produce folding 
and thrusting of rocks over a ‘foreland’; 
and ‘radial’ movements (perpendicular 
to the surface) which produce subsi¬ 
dences or ‘grabens’ (after an old Ger¬ 
man expression used by miners) in the 
‘hinterland’. He coined the term ‘horst’ 
for small, high-standing blocks separat¬ 
ing the grabens. 

It is interesting to note that crustal 
extension in the hinterland of compres- 
sional orogens is now widely 
known^^’ as in the case of the Hima- 
laya-Tibet with both east-west exten¬ 
sion resulting in the north-south 
Quaternary grabens^^^ and north-south 
extension manifested in the basement- 
cover detachment called the South Ti¬ 
betan Detachment System^^ or the 
Trans-Himadri Fault^^ of Early Miocene 
age. 

Suess also suggested the possibility of 
multiple-fold mountains parallel to each 
other, and coined the term ‘posthumous 
fold’ for old, reactivated mountains. 
Although Suess focused on the Alps or 
what he called ‘the Alpine System’ 
(including the Alps proper, the Jura, the 
Apennines and the Carpathians) as the 
type range of fold mountains (Falten- 
gebirge), he also applied his scheme to 
the Asian mountains and noted that ‘the 
whole southern border of Eurasia ad¬ 
vances in a series of great folds towards 
Indo-Africa; these folds lie side by side 
in closely syntactic arcs, and for long 
distances they are overthrust to the 
south against the Indo-African table- 
land’^° (I, p. 596). 

In 1878, three years after the publica¬ 
tion of Suess’ Entstehung, the Zurich 
geologist Albert Heim (1849-1937) 
published his two-volume work, Unter- 
suchungen iiber den Mechanismus der 
Gebirgsbildiing im Anschluss an die 
geologische Monographie der Todi- 
Windgallengruppe (Investigations of the 
mechanism of mountain building ap¬ 
pended to the geologic monograph on 
the Todi-Windgallen Group). Heim was 
a student of the Alpine Master Arnold 
Escher von der Linth (1807-1872), who 
first used the term Decke for the over- 
thrust Permian rocks in the Glarus dis¬ 
trict in 1841 and had accompanied 


Suess on a field trip to the Swiss Alps in 
1854. Heim basically agreed with Suess’ 
tectonic scheme of mountain building, 
but differed on one main point: he de¬ 
scribed the Glarus structure as a great 
double fold {Glarner Doppelfalte) with 
thrusts from both north and south, while 
Suess believed in the unilateral nature 
of tangential movements. It took a 
younger French geologist Marcel Ber¬ 
trand (1847-1907) to reinterpret Heim’s 
excellent field descriptions in the light 
of Suess’ intelligent theory in 1884, 
although he had not visited the area. 
Bertrand envisioned a single, north- 
vergent ‘nappe’ (French translation of 
the German term ‘decke’) in the Glarus 
district^^. This was confirmed by Suess 
in 1892, and accepted by Heim in 1903. 
The nappe theory was taken up by Hans 
Schardt, Maurice Lugeon and Pierre 
Termier, and extended to other parts of 
the Alps; the theory finally achieved 
official recognition during the 1903 
International Geological Congress in 
Vienna. 

In 1907, the Hungarian geologist La- 
jos. V. Loczy (1849-1920)^^ published 
his geological cross sections of the 
Sikkim Himalaya describing recumbent 
folds transported tectonically over long 
distances. His observations date back to 
1878 (six years before Bertrand’s pa¬ 
per). It, therefore, seems that field de¬ 
scriptions of the nappe theory were first 
made by Loczy in the Himalaya. John B. 
Auden, Arnold Heim (Albert Heim’s 
son), Augusto Gansser, Tony Hagen and 
D. N. Wadia were pioneers in applying 
the nappe theory to the Himalaya. 

Mention should also be made here of 
Karl L. Griesbach (1847-1907), a ge¬ 
ologist from Suess’ Institute of Geology 
at the University of Vienna, who joined 
the Geological Survey of India in 1878 
to investigate the stratigraphy of the 
Himalaya and became the Director of 
the Survey in 1894. Griesbach^* in 1893 
was the first person to describe the 
Chitichum Limestone blocks of Malla 
Johar in the Kumaun Himalaya as 
‘klippen’ (detached nappes). 

The seer of Tethys and 
Gondwanaland 

Geikie^ has regarded Antlitz as ‘a noble 
philosophical poem in which the story 
of the continents and the oceans is told 
by a seer gifted with rare powers of 
insight into the past’. The word ‘seer’ 
(reminding us of the Sanskrit word rishi 


for ancient sages of India) is very pro¬ 
found in this context. Arthur Koestler in 
The Act of Creation writes: ‘The scien¬ 
tist, as the artist, must live on several 
planes at once — look at eternity through 
the window of time. All great geniuses 
of science were endowed with this par¬ 
ticular dualism of their faculties: a head 
for generalizations and an eye for min¬ 
ute particulars’^^. Suess’ creative imagi¬ 
nation is evident in his hypotheses of 
the Tethys Ocean and Gondwanaland. 

As Jenkyns^^ has pointed out, Suess’ 
idea of the Tethys Sea stemmed from his 
observation of a suite of Triassic am¬ 
monite fossils collected by General 
Richard Strachey (1817-1908) in the 
Himalaya. Strachey was the author of 
the first comprehensive papers on Hima¬ 
layan geology and physiography in 
1851, which interestingly coincided 
with the establishment of the Geological 
Survey of India in Calcutta. His fossil 
collections were later described by Sal¬ 
ter and Blanford^^^. Suess visited Lon¬ 
don in 1862 and was struck by the 
similarity between these marine fossils 
from a black marly limestone in India- 
Tibet border (the Niti valley) with those 
of the St. Cassian Beds of the Dolo¬ 
mites. (Sengor^^ mentions that still ear¬ 
lier Roderick I. Murchison in The 
Silurian System^ published in 1839, had 
commented on the identical character of 
some of the Early Jurassic fossils from 
Great Britain and the Himalaya, based 
on Lady Sarah Amherst’s collections.) 

In 1885, Suess’ geologist son-in-law, 
Melchior Neumayr, proposed an east- 
west equatorial seaway called zentrales 
MittelmeP^ (Central Mediterranean) 
extending from the Alps to the Hima¬ 
laya partly on stratigraphic grounds 
(similar- Jurassic marine deposits) and 
partly drawn from ancient Asian myths 
which have referred to such seas^^. In an 
article published in 1893 (mainly to 
refute James Dana’s hypothesis of the 
permanency of the continents and 
oceans), Suess proposed the term 
Tethys, ‘after the sister and consort of 
Oceanus’ in the Greek mythology for 
‘the folded and crumbled deposits ... of 
a great ocean which once stretched 
across part of Eurasia ... stand forth to 
heaven in Tibet, Himalaya, and the 
Alps’^^. This is also how the Paleozoic- 
Mesozoic platform sediments to the 
north of the Great Himalayan Range 
came to be called ‘Tethys Himalaya’ by 
Auden^^, Heim and Gansser"^^ and Gans- 
ser'^^ Suess later developed the tectonic 
implications of Tethys in his Antlitz 
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when he considered Tethys to have bor¬ 
dered the northern shores of Gond- 
wanaland. 

The concept of Gondwanaland was 
also put forward by Sucss, and again by 
drawing from geological discoveries in 
India. In 1872, Henry B. Medlicott 
(1829-1905) described certain coal¬ 
bearing formations in the Indian Penin¬ 
sula, which he termed as ‘Gondwana 
System’"*^, after the Kingdom of 
Gonds-a Dravidian tribe in central 
India. The Gondwana formations were 
subsequently found to range in age from 
Late Carboniferous to Lower Creta¬ 
ceous, representing fluviatile and lacus¬ 
trine sediments with glacial boulder 
beds (tiHites) at their base and contain¬ 
ing plant fossils such as the fern leaves 
Gloss opteris. The term ‘Gondwana 
flora’ was popularized by Otokar 
Feitmantel (1848-1891) in his 1876 
papers- 

In 1885, Suess in the first volume of 
(I, p. 596), following discover¬ 
ies of Glossopteris flora in the Indian 
Peninsula, Madagascar and central Af¬ 
rica, coined the term ‘Gondwana-Land’ 
to denote an ancient supercontinent in 
the Southern Hemisphere including 
those lands and the supposedly ‘sunken’ 
basin of the Indian Ocean. (In this Suess 
was also influenced by Philip Lutley 
Sciater’s idea of ‘Lemuria’ - a hypo¬ 
thetical land spanning the Indian Ocean 
from Madagascar to India and Ceylon.) 
Later, in Volume II oiAntlitz^^ (p. 254), 
Suess extended his Gondwana-Land to 
include Australia, but in Volume III^® 
(p. 500) he replaced Australia by South 
America (without the Andes), and fi¬ 
nally^® (III, p. 661) he grouped Austra¬ 
lia and Patagonia as a second southern 
supercontinent called Antarctis. In the 
northern hemisphere, Suess distin¬ 
guished Laurentia (North America and 
Europe) and Angara-Land (East Siberia 
and parts of China). 

Suess knew where the clue to under¬ 
standing the Earth’s history lies - 
determining the absolute ages of rocks 
and events. This task has been achieved 
only in our century - thanks to the ra¬ 
diometric dating techniques. But Suess 
pondered on this problem, concluding 
the second volume of Antlitz rather 
mystically, ‘We hold the organic re¬ 
mains. of the remote past in our hand 
and consider their physical structure, 
but we know not what interval of time 
separates their epoch from our own; 
they are like those celestial bodies with¬ 
out parallax, which inform us of their 


physical constitution by their spectrum, 
but furnish no clue to their distance. As 
Rama looks out upon the Ocean, its 
limits mingling and uniting with the 
heaven on the horizon, and as he pon¬ 
ders whether a path might not be built 
into the Immeasurable, so we look over 
the ocean of time, but nowhere do we 
see signs of a shore’^® (II, p. 556). 

Drifting continents 

At the turn of this century, contraction 
as a mechanism of orogeny (mountain¬ 
building process) came under attack by 
several lines of evidence, both from 
geology and from geophysics'^^. Geo¬ 
logical arguments included: (i) moun¬ 
tains are not distributed uniformly like 
wrinkles on the drying apple, but are 
confined to well-defined linear belts on 
the surface of the Earth; (ii) mountain¬ 
building events occur in relatively short, 
violent episodes, which is not consistent 
with the secular cooling hypothesis; and 
(iii) crustal shortening and fold-thrust 
belts for thousands of kilometers far 
exceeded the estimated amounts of 
cooling of the Earth. Geophysical dis¬ 
coveries included the contribution of 
radioactive heat to the Earth’s crust, 
thus refuting the very assumption of a 
cooling Earth, and the process of 
isostacy, implying that the lighter rocks 
of the so-called ‘land bridges’ or 
‘sunken continents’ would not have 
collapsed to form the ocean basins as 
Suess had thought. The ocean floor is 
lower because it is composed of denser 
rocks. 

Frank Taylor"^"* in 1908 (published in 
1910) and Alfred Wegener"^^ in 1912 
proposed the idea of drifting continents. 
In doing so they borrowed several im¬ 
portant ideas from Suess. (‘Taylor 
waited until the final volume of Suess' 
great work had appeared, and then, in an 
address delivered at Baltimore on 29 
December 1908 ..., presented his the¬ 
ory of continental movements’'^^.) While 
Taylor’s emphasis was on the bearing of 
continental movements on the formation 
of ‘Tertiary mountain belts’ such as the 
Alps and the Himalaya, Wegener con¬ 
centrated on the process and histpry of 
continental verschiebungen (‘displace¬ 
ments’, later called drift). Wegener 
adopted Suess’ threefold structure of the 
Earth’s interior (the nife, sima, and saL 
the latter changed by Wegener to sial), 
with sialic rocks floating on sima. He 
included all of Suess’ ancient continents 


in a Late Carboniferous Pangaea (‘all 
land’) surrounded by Panthalassa (‘all 
seas’), with Gondwanaland forming the 
southern landmass and the Tethyan zone 
as the site of ‘Lemurian Compression’ 
manifested in the Tertiary mountains of 
Eurasia. Wegener described his ideas in 
a well-written book Die Entstehung der 
Kontinente und Ozeane (1915) (English 
translation by J. G. A. Skerl, The Origin 
of the Continents and Oceans, 1924). 

Enter Emile Argand 

Emile Argand was born in Geneva on 
January 6, 1879, and died in Neuchatel 
on September 14, 1940, after serving as 
Professor of Geology at the University 
of Neuchatel for 29 years. His interest 
in alpine mountaineering, extensive 
reading of books, and experience "“as a 
draftmanship in a construction company 
immensely helped Argand when he be¬ 
gan studying geology in 1904 at the 
University of Lausanne, where he met 
Maurice Lugeon (1870-1953), one of 
the Alpine masters. Argand worked in¬ 
tensively on the structural geology of 
the Pennine Alps in Switzerland, and in 
a seminal publication in 1908 he estab¬ 
lished the inversion of metamorphic 
zones in the Dent Blanche nappe; he 
also developed block diagrams (or 
‘stereograms’, as he called them) to 
unravel the three-dimensional structures 
observed in the field. 

Although Argand is less known than 
Suess (Argand’s name is not included 
even in encyclopedias such as Britan- 
nica and Americana!), he was a true 
successor to Suess. Both these gentle¬ 
men were from continental Europe 
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with an immense interest in Alpine tec¬ 
tonics, both were skillful in languages 
and stylish writing of geologic litera¬ 
ture, both were seers and great synthe¬ 
sizers, and both of them appreciated the 
tectonic significance of Asia to unravel 
the evolution of the continents. Argand 
and his mentor Lugeon were fascinated 
by Eduard Suess and Marcel Bertrand, 
and Argand knew Antlitz by heart. De¬ 
tails of Argand’s life and work have 
been recorded by his friends, colleagues 
and pupils'^^’''^^ (and the references 
therein). 

In 1915, impressed with Albert Ein¬ 
stein’s idea of relativity physics consid¬ 
ering time as the fourth dimension of 
matter, Argand delivered a lecture at the 
Swiss Geological Society arguing that in 
our tectonic studies, time should be 
taken into account in order to under¬ 
stand the sequential evolution of oro- 
genic belts. He termed this approach as 
‘embryotectonics’. In the same year he 
also came across Wegener’s idea of 
continental drift. In 1916, Argand pub¬ 
lished his major synthesis of the western 
Alps {Eclogae geologicae Helvetiae, 14, 
145-191), discussing the evolution of 
these mountains from the Carboniferous 
to the Present times and linking the 
motor of this orogeny to the movement 
of ‘African Promontory’ (now called 
Adria) towards the coast of Europe and 
the ‘plasticity’ of rocks associated with 
orogenic deformation. He later applied 
these concepts to analyse the formation 
of Eurasian mountains as a whole. 

Argand’s masterpiece La tectonique 
de rAsie^\ which appeared in 1924 
after much pressure from Lugeon on 
Argand to write it down, was actually 
the text of his presentation to the open¬ 
ing session of the 13th International 
Geological Congress in Brussels on 
August 10, 1922. (The English transla¬ 
tion'^^ of Tectonique has been published 
by Albert Carozzi in 1977.) Also in 
1924, the French translation by Manfred 
Reichel of Wegener’s Die Entstehung 
der Kontinente und Ozeane appeared. 
Reichel was Argand’s assistant at the 
University of Neuchatel and the transla¬ 
tion was carried out under Argand’s 
guidance. Argand elaborated on many of 
Suess’ tectonic concepts and attempted 
to detach them from contractionism and 
Tixism’ and to develop them in the 
framework of ‘mobilism’ of the conti¬ 
nental drift hypothesis. He focused es¬ 
pecially on continental deformation, 
which had been overlooked by Wegener 
probably because Wegener was a mete¬ 


orologist, not a tectonist. This task was 
well-performed by Argand, who, like 
Suess, was the ‘prince of geometry’^® of 
the face of the Earth. Argand’s ideas 
were propagated in Asia by his pupil T. 
K. Huang, who became the President of 
the Chinese Geological Society, and in 
continental Europe by his pupil (and 
later his successor at Neuchatel) Charles 
E. Wegmann. 

In Tectonique, Argand produced a 
comprehensive, coloured geological 
map of Eurasia, the first version of 
which was completed in 1912 and ex¬ 
tensively used by Argand in his geotec- 
tonic lectures. For this map, which was 
presented by Emmanuel de Marguerie at 
the International Geological Congress 
(IGC) in Toronto in 1913, Argand was 
awarded the Spendiaroff Prize by the 
IGC. Tectonique, however, went much 
beyond Asian tectonics and provided a 
grand design for continental deforma¬ 
tion based on the collision and plasticity 
of continental rafts. Argand analysed 
Eurasian tectonics and the Alpine Cycle 
of orogeny as the end result of the 
"drawing together of two continental 
jaws, Indo-Africa and old Eurasia, with 
a narrowing of Tethys’"^^ (p. 31). He was 
the first geologist to propose the full- 
scale underthrusting of India beneath 
the Asian continent, driven by drift 
process, to produce the lofty Himalayan 
mountains and the Tibetan Plateau. This 
concept still enjoys the support of some 
geologists^’Burchfiel and Royden^^ 
present a good review of the various 
thoughts on the tectonics of Asia during 
the post-Argand period. 

Like Suess, Argand too recognized 
the clue to solving the enigma of the 
Earth’s evolution: ‘Geology is a science 
of past’, declared Argand in 1919. ‘The 
future is geophysics’"'^. The history of 
plate tectonic theory has proved him to 
be right. Argand ended his Tectonics of 
Asia insightfully as saying: ‘We have 
questioned all of Asia, and she has re¬ 
sponded rather generously; she has in¬ 
formed us of other lands, and there are 
few she does not help us understand 
better’"*^ (p. 165). 

Concluding remarks 

Through Suess, Europe-Alpine geology 
and Asia-Himalayan geology held a 
symbiotic relation: studies in the Gond- 
wana and Tethyan formations in India 
were utilized by Suess and his succes¬ 
sors to work out the evolution of the 


continents; and in turn, the Alpine 
nappe theory developed by Suess, Heim, 
Bertrand and Argand shed light on our 
understanding of Himalayan orogeny. 
Ultimately, the tectonic links between 
these two aspects of Suess’ legacy 
paved the way to designation of the 
Himalaya as the type example of conti- 
nent-to-continent collisional orogen 
within the framework of plate tecton- 
ics . 

The plate tectonic theory has un¬ 
doubtedly revolutionized our under¬ 
standing of the Earth’s machinery, but 
its conceptual formulation has been 
based largely on the studies of the ocean 
floor. Thermotectonic behaviour of the 
continents is too complex to be sub¬ 
jected to the simple motion of rigid 
plates with deformation confined to 
plate boundaries'^’ Suess and Argand 
represented the culminations of oro¬ 
genic research before the 1950s. The 
transition period from the contractionist 
and fixist concepts of Suess’ time to 
Argand’s mobilist view of the conti¬ 
nents constitutes a crucial stage in the 
development of continental tectonics. 
Therefore, an analysis of Suess- 
Argand’s legacy is not merely a histori¬ 
cal curiosity but also a refinement of the 
plate tectonic theory in the light of con¬ 
tinental behaviour. In this respect, the 
geology of India-Himalaya-Tibet has 
played and is still playing a leading 
role. 
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In this issue 


Indian and Western music 

The Structure of Music in Raga and 
Western Systems by Raja Ramanna 
is a scholarly work. Its cover is 
striking, blending the spirit of the 
title and the contents of the book. 
The cover designer is to be specially 
congratulated. It is said that a beauti¬ 
ful wrapper is often used to cover 
up the deficiencies of the contents. 
This is not true of this book. I read 
the 200 pages almost at one sitting, 
it being physically and metaphori¬ 
cally difficult to read in bed. Even 
one with a smattering knowledge of 
music can understand the elementary 
parts of the book. To comprehend 
it completely, one must work with 
a pencil in one hand and a piano in 
the other. Ramanna, the piano maestro 
par excellence has produced a 
remarkable tome which all Indians, 
particularly the scientists with any 
musical sense must read. One suspects 
that the author while writing the book 
had also one eye set on a Western 
audience ~ which is all to the good. 

I religiously read books on Indian 
music written in English which come 
my way. I have enjoyed many of 
them. The one set that had impressed 
me the most is that by our reputed 
musicologist and scholar Prof. P. 
Sambamurthy. I once had the 
privilege of joining a group of music 
students he was taking around 
Tiruvayar, particularly to the house 
in which the great Thayagaraja lived. 
With his anecdotes and singing of 
little pieces, along with his combin¬ 
ing history and myth he made the 
great composer live all over again, 
and we could almost ‘see’ him sing¬ 
ing his incredible songs, in praise 
of Rama. Sambamurthy’s books are 
filled with poetical passages and 
quotations which make us imbibe the 
spirit of Carnatic music: 

Music without Gamakas is like a 
night without the moon, a river 


without water, a creeper without 
flowers, a lady without ornaments 
and a flower without smell. 

Another book that most of us should 
read is by the reputed musicologist 
and veena player Vidya Shankar: The 
Art and Science of Carnatic Music 
-consisting of a series of lectures 
she delivered in Kalpakkam Atomic 
Energy Centre, almost bearding the 
lion in its own den - where she tries 
to bridge the gap between the two 
cultures. Ramanna’s book does many 
things. He has most seriously tried 
to represent our Ragas in staff nota¬ 
tion. This has been attempted earlier 
by many others. (Thyagaraja himself 
was familiar with Western notes and 
has composed one of the most charm- 
jng tunes using them). The advantage 
of the Western staff notation (as 
Ramanna points out) is that one can 
train oneself to read music, i.e. hear 
music through the eyes. As Sir John 
Wood says, ‘one can take the works 
of Beethoven or Chopin, sit in front 
of a fire and read and enjoy them 
as one can Shakespere or Shelly’. I 
think this has not yet been achieved 
in Indian music. Ramanna is trying 
to find a notation to represent the 
most beautiful part of Indian music, 
the Gamakas. One wishes him success, 
but there is much work still to be 
done to make all this practical and 
acceptable. 

Ramanna attempts to make a syn¬ 
thesis of the Indian Raga system. 
Reading his book took me back to 
the early thirties when great scholars 
like Tiger Varadachariyar, Vasudev- 
achar, Sabhesa Iyer, Nema Natesa 
Bhagavathar, Budalur Krishnamurthy 
Sastrigal and many others assembled 
in C. S. Ayyar’s house during the 
Music Academy sessions in Madras. 
I felt that the discussions which took 
place during those 10 days were 
much more exciting than any I have 
witnessed at scientific meetings in 
India. I remember a point made by 


some experts that by listening to a 
single note a Raga can be recognized 
or identified (a point Ramanna too 
makes). But this theory was strongly 
contested by others on the basis that 
when the note is sounded the voice 
or the fingers produce subconsciously 
other relevant subsidiary notes. 
During these sessions I heard 
demonstrations of how sets of Ragas 
could be generated by changing the 
basic Sruti. This modal shift has 
been treated in a most elegant manner 
by Ramanna and his presentation of 
this idea using circular projections 
makes the concept comparatively 
easy to understand. The author has, 
in my view, made an important 
beginning and introduced new think¬ 
ing into the relationship between 
Indian and Western music. 

When I read this book I invited 
its author to write an article or two 
for Current Science (page 897). 
Probably, many scientists may feel 
that it is not an appropriate subject 
for Current Science. I, on the other 
hand, felt that scientists must not 
only understand the jargon of Indian 
and Western music but must also 
comprehend the deeper relationships 
that exist between the two. With the 
coming of computers and electronic 
instruments there is every danger that 
traditional .Indian music may 
deteriorate unless scientists too take 
special interest. It is only when scien¬ 
tists, musicians and composers get 
educated about both the systems that 
new experiments would be possible. 
An expert in Western music like 
Ramanna is best suited to explain to 
us the concept of harmony and the 
possibility of its being applied to 
Indian music. One remembers that 
around the 18th/19th centuries the 
European scale was altered so that 
harmony would be possible. To the 
ear trained in Indian music the 
Western scales appear unmusical. 
This is probably why scholars like 
Chinnaswami Iyer have felt that 
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‘European harmony mars all the 
beauty and the intrinsic value of 
oriental melody’. Ramanna in his 
book is very optimistic that harmony 
is possible in Indian music. When 
one hears Madurai Mani Iyer or 
M. D. Ramanathan, one cannot miss 
the linear harmony when they sing 
their exquisite Kalpana Swaras. 

It is true that purists will object 
and resist any change; they may be 
right in their view but in the process 
they may be hampering the growth 
and flowering of our music in a new 
direction. Of course, it would be 
very difficult to prevent such new 
experiments from being carried out. 


Strangely enough, the innovative 
music composers of the Indian 
cinema who use computer music have 
begun to perceive these possibilities. 
Some of them have discovered for 
themselves the possibility of change 
in the tonic-5r«// using computers 
(again something Ramanna talks of). 
These composers have succeeded in 
presenting a South Indian Raga in 
different Srutis, creating new effects. 
When asked ‘what next’, one of them 
with great modesty said ‘we are just 
learning and there are still many 
worlds to conquer. Whether these 
innovations will improve our music, 
only time can tell’. I personally like 


Ramanna’s book. While some of the 
reviewers have praised it, some 
others have condemned it, pointing 
out several printing mistakes and 
technical errors the author has made 
in describing Indian music. I feel 
this is not at all important as it is 
a case of the wood and the trees. 
We have been fortunate enough in* 
getting a physicist, a scholar in music 
(somewhat of a traditionist) who has 
himself been experimenting with the 
possibility of using computers in 
Indian music, to present a review of 
this book (page 971). 

S. R. 
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The character of science in India: Then and now 


During the past two decades, Indian scien¬ 
tists have often discussed the question of 
excellence in science in India, and the 
present status of Indian science vis-a-vis 
that in the West. These discussions have 
also centred on the question ‘Why does 
Indian science lack lustre?’. As I write 
this brief, I hasten to add that my idea 
here is not to add one more piece to the 
existing library of editorials on the topic. 
In my own assessment, the actual situation 
is very different from what it has been 
made out to be. I firmly believe that the 
calibre of scientists in India and also the 
extent of their involvement in diverse 
branches of science is exemplary. In fact, 
it would be difficult to name a field of 
research, however esoteric or intellectually 
demanding, in which we do not have 
several scientists currently engaged at the 
highest intellectual level. Excellence is 
there, no doubt. However, we must do 
better because we must lead often, and 
not trail, in excellence. 

An analysis 

In order to make any meaningful specific 
self-assessment, we have to define our 
questions clearly. One may ask: Do we 
have a good stock of educated scientists? 
How creative are we? What have we 
contributed by way of development of 
the fields in which we have substantial 
interest? Is the Indian institution of 
science attractive enough, intellectually 
and economically, to draw in the brightest 
of young talent? And many other ques¬ 
tions. 

It is not a matter of debate that we 
have a large stock of extremely talented 
and dedicated scientists. This is indeed 
an unquestionable truth, but, regretfully, 
we must recognize that in most areas we 
are not leading the frontiers of science; 
we are being led as partners in science 


by the West. In scientific literature, Indian 
scientists figure prominently in all dis¬ 
ciplines, but will they figure prominently 
in future textbooks? We are indeed doing 
good intellectual science but we are not 
pulling the leash. I would like to address 
myself specifically to this principal ques¬ 
tion; With all the talent as our proud 
asset, why do we miss out on making a 
mark in science? This question would 
certainly involve a consideration of 
several factors. Are we short of funds? 
Do we have an inadequate infrastructure 
to be viable? Are we too far behind to 
catch up with the West? I believe a 
partial answer to the problem discussed 
can be found in the analysis presented 
here. Much more needs to be said and 
discussed, but I do believe that the central 
problems are covered here. 

The late forties and fifties marked a 
global explosion of scientific research. 
India joined this revolution soon after 
gaining independence. The Nehru-Bhat- 
nagar-Bhabha partnership led to an explo¬ 
sive growth in science and technology. 
Even with several quick changes in leader¬ 
ship, the government continued its 
encouragement of science. We now look 
back to see what we have achieved in 
the last 50 years! 

In this assessment most of us do get 
disheartened! The main reason is that our 
expectations were high. In the 
pre-independence era, even without much 
investment in science, we had made very 
important contributions in science. One 
expected that with creative scientists like 
Bose, Raman and Bhabha as our pre¬ 
independence track record, India would 
be in a much stronger position in the 
second half of the twentieth century. But 
this did not happen, since we have so 
little to brag about today that can be 
compared to our earlier performance. 
What went wrong? 


1 believe that nothing has yet really 
gone wrong! We are currently passing 
through a transition period which has, 
however, unduly stretched out. Some of 
the developments in the process of growth 
of science in India occurred too quickly, 
providing a shock to the earlier system 
of education and research in India. Several 
consequences affected deeply the mental 
make-up and conscience of Indian scien¬ 
tists. Two special affectations must be 
mentioned here. Both of these concern 
the personal ego and psychology of scien¬ 
tists. As science in India became impor¬ 
tant, scientists also became more 
important. The Indian Academies gave 
wider recognition, inducting many more 
scientists during 1950-1980 in the fellow¬ 
ship of the Academies than in the previous 
years. And the government inducted 
several senior and famous scientists in 
leading positions at the Centre. Several 
of them either moved to Delhi from their 
ivory castles or made frequent visits to 
Delhi to confer at very high levels. 
Science then assumed a strange halo of 
power and influence, with the result that 
young scientists dreamt of quick recog¬ 
nition by Academies, and then accession 
to power. This led to a blasphemy - due 
to the ensuing dichotomy between carry¬ 
ing out honest, creative academic work 
on the one hand and having administrative 
influence/power on the other. 

There was yet another dominating cause 
of breakdown in the process of creative 
and scholastic research work in India. 
During 1950-1970 it was quite easy for 
bright Indian scientists to get invited 
abroad as post-doctorates and visiting 
scientists. A large number of Indian scien¬ 
tists then spent periods of the order of 
two to five years, with repeat visits sub¬ 
sequently for shorter periods during the 
seventies to the present. The Indian 
scholar was based in India but had his 
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heart set abroad, where he found it easier 
to work and also less expensive. And at 
home, he did not work on a collaborative 
spirit; instead, he concentrated on working 
with his colleagues abroad. 

The above affectations are not unex¬ 
pected, especially during the period of 
rapid growth. We can blame ourselves 
for slipping, and we can ask why we 
cannot provide Indian scientists with bet¬ 
ter working facilities. These discussions 
will not take us anywhere; rather, we 
must realize that we have passed through 
extreme weather, a period of transition, 
and it is now time to settle down-to 
take stock of what we have, and then to 
proceed from there on. 

Another issue, probably the most 
serious problem we have ever faced, con¬ 
cerns our universities. The number of 
universities explosively increased from 20 
in 1947 to 200 at present. Yet, even 
though we have young budding univer¬ 
sities, it is generally accepted that the 
standards in universities have declined 
precipitously. This seems to be true even 
for those established just a decade ago. 
The central problems and a number of 
solutions have been discussed often (see, 
for example, letters by P. R. Pisharoty, 
S. Krishnaswamy, A. R. Prasanna, Hari 
Narain, Rajaram Nityananda, M. 
Vidyasagar, K. Srinivasa Rao, N. S. 
Narasimhan, K. Subba Rao and K. R. 
Subrahmanya in Current Science, 1994, 
67, which focus on questions relating 
to setting up a national science university 
in India as a solution to the problem). 

Problems come and go; as old ones 
disappear, new ones appear on the scene. 
We are now facing another acute prob¬ 
lem - how to keep our retiring scientists 
principally engaged. Scientists who were 
in their thirties during the 1960s are now 
trying to find ways and means to keep 
doing research in the only profession they 
learnt in their ivory tower! Fortunately, 
several of the academies and the scientific 
organizations have a number of fellow¬ 
ships and professorships to offer. Those 
who are more visible or more effective 
preferentially get these positions, probably. 
Others try to get some temporary docking 
opportunities within institutions in India 
or abroad. Nevertheless, the central prob¬ 
lem remains unsolved. A good fraction 
of the retired scientists (past 60 years of 
age) who have been quite active during 
1960-1990 cannot be expected to lay 
down their arms suddenly. / do believe 


that even with the retired scientists put 
together in a suitable manner, we can 
generate original science at a very high 
level. 

I may also mention in passing another 
matter of quite common occurrence and 
concern. Most senior or established scien¬ 
tists travel quite extensively within their 
country to committee meetings, or for 
conducting examinations of graduating 
students. And of course, when they are 
in their home base, they spend a consid¬ 
erable part of their time in similar com¬ 
mittee meetings. The continuity equation 
here is satisfied since scientists from other 
organizations in India participate in many 
of these committees. Such commitments 
are generally very thankless/unproductive 
ventures but do serve the single purpose 
of pumping one’s ego, making one feel 
self-important. It must be recognized that 
it would not take much persuasion of 
one’s will-power to reduce such commit¬ 
ments by a very large factor, but we all 
do find it easier to accept such commit¬ 
ments rather than sit down and do a 
day’s hard work! 

In the light of the foregoing, we clearly 
have two choices: 

(a) Keep writing articles on how poor 
our science is, 

(b) Get on individually and collectively 
with the task of determining what one’s 
real problems are, and what may be the 
solutions. Very positive attitudes are 
necessary! 

The solution! 

In this analysis, clearly some of the ques¬ 
tions are: 

(a) How can we use our scientific man¬ 
power effectively to rapidly revamp our 
educational system? 

(b) How can we learn how to organize 
our scientific careers: (i) maximizing the 
time spent in hard-core science and (ii) 
conscientiously choosing the scientific 
disciplines that would maximize the effec¬ 
tiveness of our capabilities and available 
facilities. 

Here I would give a much higher 
priority to maximizing the time available 
for scientific work, because unless one 
has some time at hand to spend in intel¬ 
lectual exercises, to mentally go through 
the scientific process, how can one 
achieve anything? Honestly, ask yourself 
when you last sat even for 3-4 hours at 


a stretch thinking about good scientific 
questions. It would be just and pmdent 
for a scientist to compare the performance 
of a scientist with an Olympian since 
every scientist is individually (or in a 
group) competing with the best brains in 
the world. The intellectual product of a 
scientist is a global product. If we accept 
this, let us ask ourselves when we last 
studied as we did in our college days: 
Do we train ourselves and contemplate 
the problems at hand in a serious manner, 
even 3-4 hours a day, seven days a 
week, or else become helpless because 
we are too busy with other commitments. 
We now tend to work alone, without 
collaboration with senior scientists in 
India, and even within one’s organization. 
This is an aspect that also needs imme¬ 
diate attention. 

It would take us a few decades to 
adjust to a proper work ethic that meshes 
in with the country we live in, and its 
environment. Our thinking has been per¬ 
turbed by distant forces, and we are not 
living our lives the way we should! I 
feel confident, however, that we will rec¬ 
tify this situation soon. We are in tran¬ 
sition already and will soon be in a more 
favourable situation when we do what 
we think is correct, when we come to 
realize that the decision must be made 
to do fundamental science. 

My analysis of the present health of 
Indian science clearly suggests that we 
can indeed make the excursion to a much 
higher level of science. And I am not 
holding back on the solution to this exer¬ 
cise. My conviction is that the solution 
is entirely in the hands of scientists. The 
way we are presently conducting ourselves 
and doing science, it is even a surprise 
that we are able to trail close to the 
fast-moving frontier of scientific thought. 
The reason why we can even reproduce 
new, emerging science in our country is 
that there is a tendency in the West to 
overpublish, and quickly. A good scientist 
told me not long ago, on returning from 
a scientific meeting: T now know what 
to do. There are so many things to be 
done, which will keep us busy for a long 
time. I am glad I went to the meeting’. 
We, of course, attend scientific meetings 
to exchange ideas, but new concepts in 
science emerge only from one’s sys¬ 
tematic, original and hard work. As is 
well known, the scientific mosaic is never 
the result of just adding ideas from dif¬ 
ferent scientists; the practising scientist 
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has to cast a network of postu- 
lates/hypothescs, first test their validity 
by thought process and then intellectually 
conduct the tests. This process is never 
easy if done properly; it is as tiring as 
the most strenuous physical exercise. But 
we generally do not have the time (or 
the will) to engage in this exercise. How 
can we expect a different outcome than 
what we have after nearly half a century 
of independence! 

In my highly personal analysis, we are 
currently in distress because we do not 
have the time to work, or even to think. 
We do not burn the midnight oil because 
we are able to make ‘a good success’ 
of what our profession demands. Burning 
the midnight oil is, of course, not a road 
to success, but it is a necessary condition 
in creative work. If the reader would 
allow me to talk glibly, I would say that 
the healthy set of scientists comprising 
those who are in excellent health and 
routinely blessed with seven-plus hours 
of good sleep would rarely contain a 
creative scientist. This set would contain 
excellent technicians, the backbone of 
scientific enterprise. The creative scien¬ 
tists would be found amongst the sick 
set, containing those who do not get good' 
(proper) sleep and suffer from many ail¬ 
ments that may even include mild depres¬ 
sion. The extremely glib statement is 
being made primarily to convey a message 
so hard to communicate to our band of 
scientists, namely that if we have to do 
original scientific work, we have to work 
hard on the task. We would have to keep 
away from distractions, tasks requiring 
attending meetings, traveling, etc. 

In many organizations in India, research 
in basic science is conducted as a routine 
affair. Nevertheless, these institutions 
have an excellent publication record. The 
appraisal system in India and elsewhere 
tends to encourage quantity rather than 
quality, and if one can generate enough 
mass, one is considered successful. But 
research in basic science requires excite¬ 
ment in daily work. Just as in a chemistry 
laboratory, the test tubes have to 
froth-gases, bubbles and colour, so 
should the minds of scientists be con¬ 
tinuously in fervour, even if for the wrong 
reason. Again, this is only a necessary 
condition for creative science. But in the 
absence of a froth, we cannot expect any 
discoveries. 


If we succeed in doing the above, we 
then certainly have the infrastructure to 
do excellent science. As a second step, 
it would be required that we choose a 
problem we can solve with the means 
we have at our disposal. It would be 
even better if we had some advantage 
over others, i.e. the natural setting was 
just the correct one for tackling the prob¬ 
lem. A rather straightforward example 
would be the study of particular geologi¬ 
cal, hydrological or oceanographic 
problems unique to the Indian peninsula. 
In India it is possible to conduct high- 
altitude balloon flights and recover scien¬ 
tific payloads from low latitudes. This 
makes it feasible to study both cosmic 
ray fluxes and the nature of nuclear in¬ 
teractions at high energies, free of inter¬ 
ference from low-energy cosmic ray 
primaries. The late Dr H. J. Bhabha chose 
studies of cosmic radiation as a higher- 
priority subject because of this reason. 
Indeed, the work of Indian physicists in 
the field of cosmic ray figures in a very 
important manner in textbooks on the 
subject. 

It is, in fact, not necessary to have a 
geographical advantage to study a subject 
and make an important contribution to 
it. It is necessary only to do it correctly, 
with the guidelines discussed earlier in 
this brief The field of radioastronomy is 
an example of this case. The Ooty Tele¬ 
scope and now the Giant Meterwave 
Radio Telescope (GMRT) are world-class 
laboratories. 

The fields of theoretical physics and 
pure mathematics are certainly areas 
where we are at par in terms of facilities 
for work with the West. These have 
always been the potential areas of research 
for Indian scientists. We can improve in 
these areas by very large factors if proper 
incentives are given to the participating 
scientists. 

However, we must recognize at this 
point that even in theoretical fields, we 
have a considerable handicap compared 
to the West. Their higher standards of 
living allow them to (i) easily purchase 
books and science magazines and (ii) 
work in the laboratory for long hours 
and at odd hours because of greater con¬ 
veniences in running their household and 
going to and from the laboratory. So, we 
must recognize that we have to work 
harder than those in the West and also 


make greater personal sacrifices to do 
science on a dedicated basis. 

I must apologize here for the fact that 
several of the remedial measures I have 
talked about sound like motherhood state¬ 
ments. In reality, since we have everything 
we need to conduct high-level research 
but have neglected our basic role as 
scientists, of scholarly pursuits, these 
motherhood statements do become neces¬ 
sary. I have to emphasize here that we 
have to work hard and intellectually (as 
is expected of us); we just have to get 
to it. There is a true stoiy worth recalling 
here. A hard-working mother had three 
well-endowed sons each of whom did 
everything they liked and enjoyed the 
pleasures of vagabonding. They always 
left the house in a complete mess for 
the mother to clean up. Then one day 
the mother went on a strike and halted 
all her daily chores. The sons retaliated 
by not responding for four days. But then 
they realized that they had been wrong, 
and corrected themselves quickly to make 
ultimately a happy family. What punish¬ 
ment do we need, and how long will we 
remain in our transition phase before we 
do realize what our normal duties are! 

So, assuming that we overcome the 
problems of our recent past, and when 
all of us, especially the more senior scien¬ 
tists, do engage ourselves in serious scien¬ 
tific pursuits, burning the midnight oil as 
a routine, so forth and so on, we would 
then have countless exciting possibilities. 
Before concluding, I must emphasize that 
we must succeed soon in overcoming the 
problems of recent decades, because we 
are now in a transition, and since we 
have the potential (both the manpower 
and capabilities), and since w'e have 
demonstrated repeatedly our deep invol¬ 
vement and creative intellectual work. On 
the latter, I would just like to refer to 
another article in Current Science, 1994, 
67 (referred to earlier). The fist sixty 
years’, by S. Ramaseshan. It is an exciting 
story of the evolution and science of the 
Physics Department at the Indian Institute 
of Science during its first 60 years of 
existence. 

D. Lal 

Scripps Institution of Oceanography 
Geological Research Division 
La Jolla, CA 92093-0220, USA 
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University education in India 


The report published in Current Science 
(1995, 68, 255-267) on University Educa¬ 
tion in India, issued by the Indian 
Academy of Sciences notes, inter alia 

\ , the general view is that standards 
in all respects have declined rapidly and 
alarmingly, and unless something is done 
soon to remedy the situation the country 
is definitely heading for disaster.’ 

Twenty-two years ago, on 23-24 February 
1973, the erstwhile National Committee 
on Science and Technology (NCST) orga¬ 
nized at the Bhabha Atomic Research 
Centre (BARC), Bombay, the second of 
a series of regional seminars on ‘An 
Approach to the Science and Technology 
Plan’, a document brought out by the 
NCST in January that year. Apart from 
the Approach, a detailed draft plan of 
the NCST on ‘Education and Scientific 
Research’ was also discussed. The follow¬ 
ing quote from the summary of seminar 
discussions on that draft plan transcribed 
by BARC in March 1973, makes inter¬ 
esting reading. 

‘There has been a proliferation of colleges 
and universities, inadequately equipped 
and staffed, and this has led to an alarming 
decline in standards of education. If the 
problem is not tackled at once, we may 
face a really difficult situation in the near 
future. A radical suggestion that was made 
was that universities should stop the award 
of degrees; and the job prospects of an 
individual should be decoupled from 
degrees. In that case, only the interested 
students would go to the universities and 
this will help improve their standards. 
Various implications of this proposal will 
have to be worked out’. 

Many readers of Current Science who 
are in their late thirties may sardonically 
note from para II 1(a) of the record of 
discussions that they are the products of 
the ‘proliferation’ of colleges and univer¬ 
sities inadequately equipped and staffed, 
(leading to) an alarming decline in stand¬ 
ards of education. And further that they 


emerged not too scathed from a concern 
suggesting that: ‘If the problem is not 
tackled at once, we may face a really 
difficult situation in the near future.’ Like 
the bumble-bee which is supposed to be 
unaware that it is aerodynamically not 
qualified to fly, the products of that 
‘alarming’ situation of 20-plus years ago 
are the ones whose scientific effort popu¬ 
lates the hard-core pages of Current 
Science. This is not to suggest that there 
is not a qualitative difference between 
the then ‘alarm’ and the current one 
expressed by the Academy, but that dif¬ 
ference is not readily apparent. 

Readers will recognize (again sardoni¬ 
cally?) that the proposal for a National 
Science University {Current Science, 
1994, 67, 503-508) has an impeccable 
pedigree as revealed in para 111(g) of the 
1973 discussion that appears below 
(without, of course, the non-responsible 
Indian (NRI) element): 

‘The draft plan proposes two models for 
few Universities. These models seemed 
to be based on lIT’s with about Rs 40 
crores indicated for 3 or 5 such ‘National 
Science Institute/Universities’. Various 
questions were raised in this connection 
[such as]: 

i) One may tend to overemphasize the 
role of IIT-type institutions. IlT’s have 
given better results on the whole than 
usual Universities, because of a selection 
of both students and faculty on an all- 
India basis, by and large on considerations 
of merit; and because they had a more 
substantial funding. Would these new 
Science Universities be selective in their 
admissions? If so, what is the strength 
of the collegiate level student body they 
will train? 

ii) Is one trying to bypass the present 
University education system by creation 
of the National Science Institutes/Univer¬ 
sities? What impact would their creation 
have on the rest of the University system? 

The Academy paper says further: ‘the 
important question is whether there is a 


way that would promote social justice 
and at the same time preserve academic 
values. One promising way is to reorient 
our thinking so that we would be able 
to view the whole issue as one of equity 
and excellence rather than one of equity 
versus excellence’. 

It is instructive to juxtapose this view 
and that of Dr Ramanna, expressed in 
his welcome address at the 1973 BARC 
seminar, an extract from which is 
reproduced below: 

‘We must also recognize that planning 
for science cannot be an entirely 
democratic process. By consulting more 
people you do not necessarily get better 
ideas. At some stage the plans and 
programmes will have to be frozen, 
allowing for several decisions to be 
arrived at on the basis of pure intuition, 
for which we have to depend on some 
chosen people. It is in the nature of 
things that in organizing scientific re¬ 
search some will have to be leaders and 
others, disciplined followers.’ 

‘The Hon. Minister (Shri C. Subra- 
maniam) at the very successful first semi¬ 
nar at Kanpur made a special reference 
to the importance of bringing science to 
the masses to dispel the fatalistic attitude 
that seems to have unfortunately per¬ 
meated into our entire society. In this, I 
presume, the Hon. Minister referred to 
the use of common sense based on the 
elementary principles of science so that 
the weaker sections of our society can 
help themselves out from the misery of 
their daily existence. The more sophisti¬ 
cated aspects of science are not for the 
masses. I would not attempt to teach 
Sanskrit to everybody. We have, therefore, 
to differentiate clearly between the 
development of science and technology 
in the country and the application of the 
scientific methods in solving the problems 
of mral areas’. 

V. SiddhArtha 

51 Bharati Nagar 
Nevf Delhi 1 JO 003, India 
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Assessment of research of major institutions in engineering 
during 1987-1989 


The contribution of the Indian universities 
to the mainstream scientific literature for 
the three-year period 1987-1989 was exa¬ 
mined by Nagpaul* recently. The quantity 
(output) of work was determined from 
the number of articles published in jour¬ 
nals covered by Science Citation Index 
during this period. The quality (impact) 
was assessed using normalized impact 
factors of the journals in which the articles 
appeared. It will be helpful here to define 
the sense in which ‘impact’ is used here. 
‘Impact’ was computed on the basis of 
impact factors of journals given in the 
Journal Citation Reports. Impact factors 
were then normalized to eliminate the 
confounding effect of variation from one 
field to another. This aspect has been 
described at greater length in ref. 1. 

From the wealth of detail given in ref. 
1 it was possible to extract reliable infor¬ 
mation about how the major engineering/ 
technological institutions in the country 
performed during the period. Eight insti¬ 
tutions were chosen (from the list of 
thirty-three institutes and universities 
studied by Nagpaul, which had more than 
150 articles in the three-year period) 
which are arguably the finest schools of 
engineering studies in the country. 

Table 1, which has been extracted from 
Tables 4 and 5 of ref 1, shows the 
publication output of these institutions in 
the engineering field alone. It is seen 
that in terms of the total output, IIT/D 
takes the first rank, ahead of IISc, while 
IIT/Kh and Roorkee. are poor stragglers. 
Another criterion for assessment that sug¬ 
gests itself is the quality of the work 
being published. From the total impact 
of the work published, it is possible to 
compute the relative impact (impact/ 
paper) of work appearing from each insti¬ 
tution. According to this criterion, IISc 
ranks first, followed very closely by IIT/B. 
However, IIT/B’s total output has been 


Table 1. Publication output and impact of major institutions 
in engineering in 1987-1989 


Institution 

Output 

Impact 

Rei. imp. 

Rank by 

Output Rel. imp. 

IISc 

218 

854.71 

3.92 

2 

1 

IIT/D 

244 

769.07 

3.15 

1 

6 

IIT/B 

98 

383.05 

3.91 

6 

2 

BHU 

107 

388.69 

3.63 

5 

3 , 

IIT/K 

123 

435.83 

3.54 

4 

4 

IIT/M 

154 

487.82 

3.17 

3 

5 

IIT/Kh 

87 

224.03 

2.58 

7 

8 

Roorkee 

64 

165.60 

2.59 

8 

7 


comparatively poor (rank 6 in the list) 
but this has been made up for with papers 
of relatively superior quality. BHU ranks 
third in this measure. Again, by this 
standard, IIT/Kh and Roorkee perform 
poorly. Overall, IISc’s performance is 
most consistent, commensurate with its 
general standing in the public eye. 

It will be interesting if this study of 
bibliometric data can be extended to cover 
a longer time frame, say from the 1960s, 
when all these institutions were in place, 
to the early 1990s. This will give an 
indication of how these institutions have 
grown (or declined) in terms of output 
and impact of work. It will also be 
instructive to compute output on a per 
head basis (output divided by total number 
of active researchers, including doctoral 
and postdoctoral students, research assis¬ 
tants, associates, etc.) to see how these 
institutes are performing. It will also be 
useful to go into a finer examination of 
detail, sub-field by sub-field, to reveal 
each institution’s major strengths. The 
relative strengths and weaknesses of dif¬ 
ferent institutions over this time span will 
then become clear. If systematically 
gathered, such information will be very 
valuable to our science administrators and 
funding agencies. 

A word of caution to the reader is in 


order here. So far, this has been a very 
simplistic analysis of the research perfor¬ 
mance of our leading institutions. How¬ 
ever, it is indicative of what could be 
done so that a more scientific assessment 
of our higher educational institutions can 
be made. One of the tragedies of our 
scientific life is that world renowned 
scientists get paid little or no more than 
their mediocre colleagues, and money for 
basic research is rarely distributed on 
recognition of outstanding merit or per¬ 
formance because quantitative measures 
have rarely been used so far for monitor¬ 
ing performance. There is, therefore, a 
crying need for such exercises - other¬ 
wise, there will be very little incentive 
for researchers or institutions to make 
sure that their work stands up to the 
highest standards of scientific excellence. 


1. Nagpaul, P. S., Scientometrics, 1995, 32, 
11-36. 
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A brief note on non-proliferation of nuclear weapons: Need to 
redefine agenda 


The NPT is coming up for renewal in 
1995. The focus of debate at this con¬ 
jecture will undoubtedly be the refusal 
of some nations to sign the treaty, and 
ways and means to persuade them to do 
so this time around. 

India is one of the nations which has 
not acquiesced to the NPT. It is also a 
nation which has demonstrated its 
capability to conduct a test nuclear explo¬ 
sion. Its weapons capability is unspecified, 
but. it may be presumed that India is 
very close to achieving that capability. 

Its policy of eschewing nuclear 
weapons, while retaining capability in all 
categories - production of weapons grade 
fissile material, developing short- and 
long-range systems which can be used 
for delivery, etc. ~ has been widely 
criticized as hypocritical. What we will 
argue here is that this policy of retaining 
capability while refraining from full-scale 
armament development and deployment 
is the minimal option open to its defence 
establishment. 

There is a great deal of ambiguity in 
the discussion on nuclear matters in the 
media. Some of the ambiguity appears 
to be quite deliberate. To begin with, 
therefore, it is necessary to introduce 
some clarity and specificity into the terms 
of discourse. 

Firstly, the term ‘nuclear deterrence’. 
The same term is used to describe the 
deterrence policies of all the nuclear or 
potentially nuclear nations, as if the 
policies of all these nations were identical. 
In fact, there is an important, and crucial, 
difference in nuclear deterrence policies 
which needs to be highlighted. 

Let us term as a policy of non4nitiatist 
nuclear deterrence a policy of non-use 
of nuclear weapons except as a response 
to the first use of nuclear weapons by 
an adversary. This is to be distinguished 
from initiatist nuclear deterrence, a policy 
which permits the use of nuclear weapons 
as a response to conventional attack with 
conventional, non-nuclear weapons. These 
are two completely conceptually different 
deterrence postures. Of the nuclear- 
weapons possessing nations (NWPN), 
China and the USSR had adopted non- 
initiatist nuclear deterrence postures, while 
the USA, Britain and France have con¬ 


sistently refused to commit themselves to 
a non-initiatist deterrence posture. This 
difference has understandably been under¬ 
played by a mass media dominated by 
NWPN media transnationals. However, it 
is too important a difference to be ignored 
by those serious about non-proliferation 
and disarmament. 

The second point which needs to be 
clarified is the term ‘use of nuclear 
weapons’. As was pointed out by Daniel 
Ellsberg, nuclear weapons can be used 
in two ways. First, they can be actually 
detonated over a target as happened at 
Hiroshima and Nagasaki. The other kind 
of use is like when a gun is used to 
point at somebody in order to give a 
threat. In the second sense, nuclear 
weapons have been used more than two 
dozen times after Hiroshima and 
Nagasaki. The declaration of a ‘nuclear 
alert’ by a nuclear power, the moving 
into a zone of nuclear weapons in a time 
of crisis-these are all ways in which 
nuclear weapons have been used in the 
second sense. ‘Non-first-use’ sometimes 
is taken to connote non-use in the first 
sense. Actually, ‘non-use of NW’ requires 
a more strict interpretation in excluding 
the second kind of use also. 

The third point that we must be clear 
about is that there is no conventional 
defence against nuclear weapons. Faced 
with an adversary possessing NW, a nation 
has essentially three choices; accept the 
military hegemony of the adversary; 
develop a deterrent of its own, which is 
necessarily a nuclear deterrent; accept the 
nuclear umbrella of another nuclear 
power. It is argued that as far as India 
is concerned, its main adversary is Pakis¬ 
tan, and that the security needs of both 
the countries will be better served if both 
eschew nuclear weapons. Therefore, it is 
further argued that, if India is averse to 
signing the NPT because of its dis¬ 
criminatory provisions, both the countries 
can enter into a regional agreement to 
exclude nuclear weapons. De facto, the 
end result will be the same-the closing 
of the nuclear option for both the 
countries. 

India is unlikely to accept such an 
arrangement, because Pakistan is not its 
only adversary. Even ifXIhina is for the 


sake of argument excluded (China having 
given a guarantee of non-first-use), it is 
evident that the USA cannot be excluded 
as a potential adversary, as far as India 
is concerned. 

Why? Briefly, because of the defence 
posture of the USA. The ‘initiatist nuclear 
deterrence’ posture of the USA envisages 
the use of nuclear weapons as a con¬ 
tinuation and permissible escalation of a . 
conventional engagement. In fact, recent 
research in the USA has been directed ^ 
towards reducing the ‘gap’ between the 
conventional explosives and the nuclear 
weapons of the lowest power, ostensibly 
in order to enhance the ‘credibility of 
the US nuclear deterrent’. Nuclear 
weapons have also been used against 
India by the USA in the second sense. 

As has been revealed by Richard Nixon 
in his memoirs, there was a threat of US 
nuclear intervention during the 1971 
India-Pakistan war over Bangladesh. 
India’s 1974 nuclear explosion was 
presumably a direct outcome of that 
episode. 

Given current equations between the 
USA and India, Indian government 
spokesmen are unlikely to explicitly enun¬ 
ciate or highlight the above realities. But 
no serious analysis can ignore these 
realities. It is also clear to anyone familiar 
with the political scenario in South Asia, ^ 
that there are a number of possible situa¬ 
tions in which a military confrontation 
between the USA and India could occur 
in future. This could occur over Kashmir, 
or over sanctions arising out of differences 
on economic policy/USA investments if 
present policies are changed, to name just 
a couple. US defence policy formulations > 
vis-a-vis the ‘third world’, which envisage 
a nuclear response to a conventional 
engagement, is yet another reason. In 
short, the USA has to be included in the 
list of NWPN potential adversary in any 
Indian defence assessment. 

Since of the three options available to 
nations facing nuclear adversaries, two 
are politically unacceptable, the only 
politically acceptable option is to maintain 
a minimalist nuclear deterrent of one’s 
own. It should be clear that unless there 
is a change in the US nuclear deterrence 
posture, there is no possibility of India 
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closing its nuclear option. In fact, its 
present policy of ‘nuclear ambiguity’ (a 
more accurate term would be nuclear 
abstinence) appears to be the minimal 
nuclear posture consistent with the ad¬ 
versarial scenarios facing Indian defence 
planners. 

No effort at non-proliferation can suc¬ 
ceed only on the wishes and good inten¬ 
tions of its proponents. Any serious effort 
must take into consideration political 
realities, defence needs and public per¬ 
ceptions of these needs. Does this mean 
that non-proliferation is not possible 
today? No. It does mean that non¬ 
proliferation will be possible only when 
the NWPN are all persuaded or pres¬ 
surized to adopt minimal ‘non-initiatist 


nuclear deterrence postures’. An impor¬ 
tant corollary of the above analysis is 
that the condition precedent for a non¬ 
proliferation treaty is a preliminary treaty 
of a different kind: a ‘nuclear non-initia¬ 
tion treaty’ (NNIT). In such a treaty, 
each signatory agrees not to initiate in 
any way, the use, or the threat of use, 
of nuclear weapons. 

Such a treaty would forbid the use, or 
a threat of the use of NW against non¬ 
nuclear nations. It must also be noted 
that immediately after such a treaty, all 
nuclear weapons of first use, including 
the so-called ‘tactical nuclear weapons’ 
would become redundant, and would have 
to be eliminated. These are precisely the 
most destabilizing weapons which have 


so far been excluded from agreements 
between the USA and USSR/Russia. 

It is necessary to mobilize public 
opinion, especially opinion in the NWPN 
and potentially nuclear nations in favour 
of this enabling treaty. International pres¬ 
sure of the peace movement, of scientists, 
etc., must be directed towards making a 
NNIT as point number one on the inter¬ 
national non-proliferation agenda, includ¬ 
ing the agenda of this conference/ 
workshop. 


Vivek Monteiro and Spenta Wadia, 
Tata Institute of Fundamental Research, 
Bombay. 
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Tea - A strong antioxidant 


Tea leaves {Camellia sinensis), of the 
family Temstroemiaceae, a popular beverage, 
is in use since centuries. As per ancient 
belief, it has stimulant and antisoporific 
action that elevates mood, decreases 
fatigue, increases the capacity to work 
and clears the flow of thoughts. In some 
societies, drinking tea has become a part 
of life\ The morning cup gives a feeling 
of well-being and increased performance. 
The people are more or less habituated 
to the same^. Because of dependency and 
side-effects of excess intake of tea and 
other xanthine beverages (coffee, cocoa, 
etc.), its use is discouraged by many 
people. However, this report indicates its 
strong antioxidant and antilipid peroxida- 
tive properties and advocates its optimal 
use, which varies from individual to 
individual. 

Tea leaves were boiled in water for 
1-2 min as routinely prepared in the 
kitchen and cooled. The filtered extract 
exhibited concentration-dependent inhibi¬ 
tion of lipid peroxidation (measured as 
thiobarbituric acid reactive products) in 
rat liver homogenate incubated with either 
enzymatic (ADP-complexed iron) or non- 
enzymatic (FeSO^) radical-producing sys- 
(Table 1). In brief, 5% liver 
homogenate was incubated with tea liquire 


for 20 min in 35 mm Petri dishes. There¬ 
after, lipid peroxidation was induced by 
adding different agents. After 20 min, 0.1 
ml of incubation mixture was taken to 
estimate MDA by using thiobarbituric 
acid and absorbance was recorded at 535 
nm as reported by us earlier^’Tea liquire 
of different concentrations ranging from 
0.6 g/100 ml to 5 g/100 ml were prepared 
and tested. Tea exhibited dose-dependent 
protection. It also maintained the level 
of reduced glutathione content, which was 
measured at 412 nm by using 0.01% 
DTNB^, and checked the ongoing lipid 
peroxidation process (data not shown). 

Thus, it appears that besides other 
reported activities of stimulation^, tea is 


a strong inhibitor of lipid peroxidation 
induced by free radicals. This observation 
is supported by the previous observations 
that caffeine is anti-inflammatory and it 
interferes with the synthesis of prostaglan¬ 
dins^. Besides methyl xanthine, there are 
several compounds such as carotene, 
nicotinic acid, kaempferol, quercetin, myr- 
icetin, flavonols, inositol, polyphenols, 
chlorogenic acid, etc., which are present 
in tea and have been found to be 
antioxidant^^. On comparison with known 
antioxidants like parabenzoquinone and 
vitamin E, tea is found to be significantly 
active (Table 2). ED 50 for all the three 
agents are determined by using the dose- 
response curves for these agents under 


Table 1. Protective effect of lea against induced lipid 
peroxidation 


Dose of 
tea 

(mg/ml) 

Cone, of 
liquire 
(g/100 ml) 

TEARS (nm/lOOmg protein) 
mean ± SD 

FeSO, 

4 

ADP-iron 

0.00 

0.00 

474.98 + 9.60 

480.67 ±9.30 

0.05 

0.60 

438.00 ±9.96 

421.02 + 9.60 

0.13 

1.60 

372.59 ±8.98 

357.21 ±7.92 

0.27 

3.30 

250.29 ±9.66 

245.14 + 8.65 

0.41 

5.00 

193.40 ±8.86 

177.84 ±5.50 


FeSO^ = 4mM. 

ADP-complexed iron = 1.6 mM ADP + 62pM FeCl^. 
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Table 2. 


Antioxidant 

ED* 

(mg/ml) 

Tea 

0.28 

Vitamin E 

2.60 

Parabenzoquinone 

0.06 


These data are best representative 
of six separate experiments. 


identical conditions. From the literature, 
it seems that a cup of tea contains 50 mg 
of caffeine and 1 mg theophylline*\ but 
in vitro experiments show that £ 05 ^ value 
for tea is 0.28 mg (prepared as described 
above), which is equivalent to 2.6 mg of 
vitamin E and 0,06 mg of parabenzo- 
quinone for its anti-lipid peroxidative 
property. 

Based on these observations, it could 
be concluded that low intake of tea will 
prove to be a good antioxidant without 
showing any adverse effect such as 
psychic dependence, habituation, hyper 


central nervous stimulation, myocardial 
stimulation and gastrointestinal irritation. 
Tea can be claimed as a prophylactic 
measure for free radical diseases. Based 
on clinical findings it is suggested that 
tea be taken after intake of some food 
to avoid gastric irritation. 


1. Graham, D. M„ Nutr. Rev., 1978,36,97-102. 

2. Colton, T., Gosselin, R. E. and Smith, 
R. P., Clin. Phannacol. Then, 1968, 9, 
31-39. 

3. Hogcberg, J., Moldeus, P., Arborgh, B., 
Obrion, P. and Orrenius, S., Eur. J. 
Biochem., 1975, 59, 457-^62. 

4. Ottolenghi, A., Arch. Biochem. Biophys., 
1959, 79, 355-359. 

5. Pandy, S., Sharma, M., Chaturvedi, P. and 
Tripathi, Y. B., Indian J. Exp. Biol., 1994, 
32, 180-183. 

6. Tripathi, Y. B., Shukla, S., Sharma, M. 
and Shukla, V. K., Phytother. Res., 1995, 
9, in press. 

7. Ellman, G. L., Arch. Biochem. Biophys., 
1959, 82, 70-77. 

8. Billville, J. W., Escarraga, L. A., Wal¬ 


lenstein, S. L., Wang, K. C., Howland, 
W. S. and Houde, R. W., J. Pharmacol. 
Exp. Ther., 1962, 136, 38-42. 

9. Vinegar, R., Traux, J. F., Selph, J. L., 
Welch, R. M. and White, H. L., Proc. 
Soc. Exp. Biol. Med., 1976, 151, 556-560. 

10. Zhou, J., Ashoori, F., Suzuki, S., Nishigaki, 
I. and Yagi, K., J. Clin. Biochem. Nutr., 
1993, 15, 119-125. 

11. Goodman and Gilman, The Pharmacologi¬ 
cal Basis of Therapeutics, Macmillan, New 
York, 1975, 6th ed, pp. 592-603. 


Yamini B. Tripathi 
Savita Chaurasia 
Mukta Sharma 
Savita Shukla "J 
Ved Prakash Singh 
Pratibha Tripathi 


Department of Medicinal Chemistry 
Institute of Medical Sciences 
Banaras Hindu University 
Varanasi 221 005, India 


A Cretaceous belemnoid from Palar basin, southern India 


Palar basin forms an intermediate one 
between the Cauveri and Krishna- 
Godavari basins in the southern part of 
India*. The possibility of the occurrence 
of coal in this basin has attracted drilling 
and other exploratory methods to study 
the rock sequence here. The basic 
palaeontological research was chiefly 
aimed at the study of commonly found 
megaflora and mioflora from this basin“'^. 
Stoliczka^ and Misra and Gupta^ described 
a few invertebrate fossils and Murthy and 
Sastri^’^ reported foraminifera, suggesting 
Lower Cretaceous age. The present note 
deals with the find of a belemnoid and 
its bearing on the age of the beds. 

A number of belemnoid specimens were 
collected at different levels from a bore¬ 
hole (PBSD -2 near Virapuram, 13T0'N; 
80'’05'E) drilled in Palar basin by the 
Geological Survey of India. An ammonoid 
Pascoeites crassus Spath was also 
recovered. The stratigraphic interval from 
where these specimens have been 
recovered is assigned to Avadi Formation 
dating to Upper Gondwana, which is the 
marine equivalent of Sriperumbudur 


Formation^^. 

The present find of belemnoid guard 
is significant in that it is the first report 
of belemnoid from Palar basin. The guards 
are short and stout, terminating at an 
acute apex (Figure 1). The outline is 
symmetrical and slightly hastate. The 
maximum inflation is around mid-length. 
The surface is smooth with no visible 
markings on it. The phragmocone is com¬ 
plete, short and ventral in position. These 
characters reveal the specimens to belong 
to the genus Peratobelus Whitehouse***. 
The species Peratobelus australis (Phil¬ 
lips)** from Australia is closely allied to 
these specimens from India. 

Genus Peratobelus has been reported 
from the Aptian of Antarctica, Australia 
and Mozambique in Africa (three members 
of the pre-breakup Gondwanaland)*”’ *^. The 
present find adds India to the list of 
occurrences of this genus. Thus, the dis¬ 
covery of species belonging to Perato¬ 
belus demonstrates the beginning of 
uninterrupted distribution of belemnoids 
in the Aptian of Gondwanaland and this 
trend continued in Albian times also (see 


Doyle*"* for the distribution of Albian 
belemnoids in Gondwanaland). This find 
further indicates that the age of Avadi 
Formation in Palar basin is Aptian. The ^ 
outcrop samples that have earlier formed 
the basis for age determination are appa¬ 
rently younger than the borehole samples. 
Considering that the borehole was drilled 
to the west of the fossil localities known 
earlier, it would be appropriate to assign 
the age of Sriperumbudur/Satyavedu/Avadi 
Formations to Aptian age. It is also pos- 
sible to extrapolate this (Aptian) age to 
other coastal Gondwana outcrops, viz. 
Sivaganga, Uttattur, Budavada, Gollapalli 
and Raghavapuram, where megaflora, 
mioflora and ammonoids identical to those 
found in Palar basin have been reported . 

The belemnoid specimen in Foote’s 
collection (No. G 282 of GSI, labelled 
as Belemnotheuthis cf. conotheca, pre¬ 
sumably the same as that mentioned by 
Pascoe*^) is much obliterated and obscure 
and is not in any way comparable with 
Belemnotheuthis conotheca. The belem- 
nite collections*^ made in the first half 
of this century deemed to be questionable 
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Fi}>iire 1. a, b. Specimen preserved with phragmocone. c, Another 
specimen showing the apex. 
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for want of confirmation. Hence, the 
present find of species of Peratobelus 
Whitehouse of Aptian age is the first 
authentic report of belemnoid from the 
Upper Gondwana sediments occurring 
along the southeastern coast of India. 
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RESEARCH NEWS 


‘i’s right! 

N. Gautham 

The interdigitated tetraplex model of DNA 
with cytosine repeats has recently received 
crystal structure confirmation^’" from the 
group of Alexander Rich at the Massachu¬ 
setts Institute of Technology. 

This ‘i’ (for ‘intercalated’) motif con¬ 
sists of two pairs of oligocytosine strands. 
Each strand of a pair is hydrogen-bonded 
to the other, parallel, strand by means of 
C.C^ base pairing. The two pairs are 
intercalated to form the tetraplex (Figure 
1). Since the base pairing scheme requires 
the cytosines to be hemi-protonated, the 


structure is observed at low pH. 

The first observation of the ‘i’ motif 
came from NMR studies^ on the 
oligonucleotide d(TCCCCC) at pH 4.3. 
The structure consisted of twelve inter¬ 
calated base pairs, including two possible 
T.T pairs. On the NMR time scale, a 
222 symmetry was seen in the structure, 
which implied that the two interdigitated 
duplexes were anti-parallel to one another. 
The tetrad as a whole had a right-handed 
helical twist of about 16“ between base 
pairs belonging to the same duplex. The 


cytosine-cytosine base pairs were evi¬ 
denced by lack of significant exchange 
broadening of the imino protons. Inter¬ 
pretation of the NOESY spectra led to 
the intercalated model for the base stack¬ 
ing. Similar results were reported by the 
same group for several other oligos with 
continuous stretches of cytosine bases. 

Nothing under the sun, of course, is 
entirely new, and aspects of the ‘i’ motif 
have been suggested earlier. Parallel 
duplexes containing C.C^ base pairs were 
constructed to explain the fibre diffraction 
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Figure 1. 


patterns of polyCdC)"^ and were observed 
in single crystals of ribo(CpA)^ and 
deoxyribo(CpG)^. An intercalated helical 
duplex model for poly(dC) had also been 
extrapolated^ from the single-crystal struc¬ 
ture of dCMP. The NMR studies of the 
tetrad brought together both the C.C^ 
base pairing scheme and the intercalated 
pattern in a single molecular complex. 

Subsequent biochemical and spectro¬ 
scopic studies^“*° have identified several 
sequences with propensities for both inter- 
molecular and intramolecular ‘i’ stmctures 
built up from only one or two or four 
molecules. In particular, sequences with 
sets of three cytosine residues repeated 


in tandem with A or T intermpts have 
been shown to adopt such three-dimen¬ 
sional arrangements. Thus, sequences such 
as (CCCTAA) 3 CCCT and (C 3 TA 2)4 have 
been studied by gel electrophoresis and 
CD, UV and NMR spectroscopy. At low 
pH (~ 5-6.5) migration patterns and the 
spectra of these sequences strongly indi¬ 
cate an intramolecular ‘i’ motif. 

The two recent crystal structures*’^, one 
of d(CCCT) at 1.4 A and the other of 
d(CCCC) at 2.3 A, reveal a four-stranded 
intercalated complex very similar in most 
of the details to the NMR results. The 
overall shape of the tetrad is not, as may 
be naively expected, that of a cylinder. 


It is more like a thickish, long book, 
twisted about the long axis. The twist 
angle in going from one C.C^ base pair 
to the next in the same duplex varies 
from structure to structure, from 12° in 
d(CCCC) to 16“ in the NMR study to 
about 17“ in d(CCCT). Thus, the tetraplex 
as a whole requires about 50 intercalated 
base pairs and 160 A to twist around 
once. The 222 symmetry seen in the 
NMR study is absent in the crystal struc¬ 
ture. Instead, the phosphate groups on 
the two strands on one face of the 
tetraplex curve up to form a groove. The 
other face is flat. 

One of the suggested biological roles 
for the ‘i’ motif considers the tandemly 
repeated sequences of cytosines (and 
guanines on the complementary strand), 
which have been found at the 5'-end of 
telomeres of eucaryotic chromosomes. 
Rich and coworkers suggest that DNA 
sequences containing C repeats on one 
strand, and complementary G repeats on 
the other, may form cruciform structures 
with the C- and G-rich portions on oppo¬ 
site tips of the cruciform extrusions. Two 
such cmciforms may then interact and 
stabilize each other by means of a double- 
handed handshake. One pair of hands 
would form the ‘i’ motif C tetrad and 
the other a G tetraplex. It is possible 
that this is the physical basis of interaction 
of the two DNA sequences during recom¬ 
bination, though the biochemistry would 
probably require specific proteins to sta¬ 
bilize the structure even under un¬ 
favourable conditions of pH, etc. Stretches 
of cytosines have also been discovered 
in other non-coding regions of the genome 
such as introns and satellite DNA. The 
discovery of C stretches as a necessary 
component of the promoter region of the 
c-ki-ras proto-oncogene suggests the pos¬ 
sible structure-based regulation mecha¬ 
nisms. And when we remember that a 
stretch of C always implies a stretch of 
G on the complementary strand, exciting 
structural possibilities arise. Apart from 
the ‘normal’ double helix, such sequences 
can also exist as triplex or ‘i’ motif/G 
tetraplex structures. 

Forty years after Watson and Crick 
wrote what was, perhaps, thought to be 
the concluding chapter of the DNA struc¬ 
ture story, the molecule continues to 
spring surprises. 
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Does a hole squeal: Quantum black holes and 
information loss* 


N, Panchapakesan 


Introduction 

The ‘Vaidya-Raychaudhuri Endowment Award Lecture’ 
for 1994 has the added significance that it is also the 
50th year of discovery (invention) of the Vaidya metric. 
This is the third Vaidya-Raychaudhuri Endowment 
Award (VREA) lecture. The second VREA lecturer 
complained of a feeling of inadequacy and noted the 
difficulty in saying something befitting the stature of 
these two doyens of relativity: Prof P. C. Vaidya and 
Prof. A. K. Raychaudhuri. The person who expressed 
these feelings was none other than Prof Jayant Narlikar. 
If he had such feelings, you can imagine mine. Profs. 
Vaidya, Raychaudhuri, Mukunda and Narlikar are enough 
to overawe many of us. As if they are not enough, I 
find Sir Fred Hoyle in the chair today! My only con¬ 
solation is that I may be simplifying the task of the 
next VREA lecturer by reducing the level of expectations. 
Prof Dirac once said that the advent of quantum 
mechanics enabled even mediocre persons to do great 
work in the 1930s. Taking a cue from that, I thought 
I would talk about ‘Black hole evaporation and unitarity 
violation’ and hope that the excitement of the subject 
may cover other inadequacies. Recent developments in 
this area, though largely unsuccessful, have served not 
only to raise important and exciting issues but seem 
also to have broken down the ‘Berlin Waif and ended 
the cold war between particle physicists and general 
relativists. I have found this problem a fascinating one 
and also one which seems to have a deep relationship 
with the foundations of quantum theory. 

The black hole solution 

A year after Einstein gave the final version of general 
relativity, Schwarzschild' in 1916 gave a solution of 
Einstein’s field equations (now known more generally 
as the black hole solution) which has still not been 


N. Panchapakesan is in the Department of Physics and Astrophysics, 
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understood fully. The usefulness and importance of the 
Schwarzschild solution is unquestioned. One is still left 
marvelling at its various features and the surprises it 
can provide. One of the first surprises was its incom¬ 
patibility with Mach’s principle, which Einstein thought 
he had incorporated in his theory. In the second VREA 
lecture Prof. Narlikar discussed the attempts by him 
and Prof. Hoyle to incorporate Mach’s principle into 
the theory of gravitation. Even today the Schwarzschild 
solution continues to be a rich source of study as one 
tries to reconcile general relativity and quantum 
theory. 

The Schwarzschild solution can be written as the 
metric (we use units with G = c = 1) 

d.y^ = - (1 - 2M/r) dP + (\ - IM/r)'^ dr 
+ dr “ (d0^ + sin^ 0 dtj)^). 

Its use in working out the classical tests like bending 
of light and precession of the perihelion of Mercur}' 
are well known to many. The singularity at r = 2Af of 
the above metric attracted attention right from the begin¬ 
ning. It is well known that it is not a physical singularity, 
as physical quantities of interest are well behaved at 
r = 2M, and so it must be a coordinate singularity and 
a change to other suitable coordinates does remove the 
singularity. However, to a distant or asymptotic observer, 
the surface r = 2M is still a one-way membrane and 
nothing can escape to the outside world from inside 
this surface, usually called the event horizon and more 
popularly as the black hole. 

Almost 45 years later in 1960, KruskaP gave the 
coordinate system which provided the natural extension 
of the Schwarzschild metric and opened the way to 
many other worlds that the metric contains (see Figure 
1 ). We use 

17 = 4M exp [(r* - t)/4M] 
and 

V = 4M exp [(r* -h ty4M] 

with 

J dr* = J dr/(l -2M/r), 
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Figure 1. The Kruskal extension of Schwarzschild space-time. 


which gives r* = r+2M \n(r — 2M). In the coordinates 
T ^ U-hV and R = V — U, the Kruskal space time is 
shown in Figure 1. In addition to the familiar region 
r > 2M, where the orbits for the classical tests were 
studied and which is now called Region I, we have 
three more regions. While one can go from Region I 
to Region II, one cannot travel in the opposite direction, 
thus making the r = 2M surface a one-way membrane. 
Signals emitted by an observer crossing the horizon are 
slowed down and a star collapsing to form a black hole 
seems to take an infinite amount of time to go through 
the horizon. This created doubts about the very formation 
of a black hole. One can, however, operationally define, 
for a given small amount of energy that can be detected, 
a finite time beyond which no signal is received. There 
are other unfamiliar or bizarre aspects. There is a 
time-reversed region (Region IV) and there is a throat 
or bridge which connects Regions I and IV for a short 
time^. By using suitable coordinate transformations, 
Penrose was able to show the infinite regions in a 
compact way. The Penrose diagram for the Schwarzschild 
case is shown in Figure 2 (ref. 3). 

Twenty years ago, in 1974 came the biggest surprise. 
Hawking"^ showed that black hole is not really black. 
It emits thermal radiation, now called Hawking radiation. 
This was the culmination of several related developments, 
now known collectively as black hole thermodynamics. 
These developments pointed to a close connection 
between the area of the event horizon and its entropy, 
which in turn gives a certain temperature to the black 
hole. 

After a few years of intensive study, general relativists 
seem to have accepted the correctness of Hawking’s 
arguments. There is, however, no hope of an observa- 


Singularlty 



Figure 2. Penrose diagram. 


tional verification in the near future, which makes the 
subject closer to ‘mathematics’ than to ‘physics’. 
Hawking’s derivation is based on semiclassical quantum 
field theory, which treats gravity as a classical field 
while treating the other fields using quantum 
mechanics. 

Vaidya (metric) and Raychaudhuri (equation) to 
the rescue 

It may be appropriate to digress a little bit and describe 
the way Vaidya metric^ and the Raychaudhuri equation^ 
were used to settle one of the controversial points about 
Hawking radiation in 1980-81. In 1980, Tipler^ ques¬ 
tioned the ‘static’ approximation under which Hawking 
had derived the presence of radiation. Tipler argued 
that due to back reaction the collapse of the radiating 
black hole takes place either in a very short time (of 
the order of 1 s for a black hole of one solar mass) or 
does not take place at all! He concluded that Hawking 
radiation was not a realistic phenomenon. For his 
arguments, he used for the time dependence of the 
horizon an equation obtained from the Raychaudhuri 
equation which can be reduced, when shear and vorticity 
are absent, to the form 

dV/dF = 2£ dr/dt - 4n { 7 ^ ) /"/V , 

where L = 1/8M and is the tangent vector to a null 
geodesic generator of the horizon. Using the fact that 
initially the horizon is static, he took d“r/dF = 0 
(incorrectly as it turned out), implying dr/dt = const, 
so that 

2L dr/dt = 47i< 7^,) /"/V. 

For a Hawking black hole, 7^^ at the horizon is known 
to be negative. At the horizon there is an ingoing flux 
of negative energy which balances the outgoing Hawking 
radiation at large distances. Tipler then argued that 
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very soon dh/df becomes positive as r decreases, as 
£ ~ 1/r and {~ 1/r^ and the horizon would start 
expanding again unless the singularity is reached before 
that. This gave a lifetime of the order of a second and 
made the static approximation questionable. Tipler con¬ 
cluded that a black hole does not evaporate. 

Hajicek and Israel^ and Bardeen^ obtained the equation 
for r as a function of time directly from Vaidya’s 
radiating metric^ 

- [1-2w(r)/r] dr^ + 2 dvdr-br^ dr, 



COLLAPSING 

STAR 

PURE STATE 



HOLE 


XjX 

THERMAL 
RADIATION 
MIXED STATE 


and showed that dV/d/^ never becomes zero but stays 
negative all the time. This showed that taking 
dV/d/~ = 0 in Raychaudhuri’s equation was not justified. 
Thus, the wrong use of Raychaudhuri’s equation was 
discovered by the correct use of Vaidya’s equation! It 
is not only at the lAGRG meetings that these two 
doyens cooperate to help in the amicable settlement of 
disputes! There is also an unusual derivation of Hawking 
radiation using the quasinormal modes of the Vaidya 
metric by York^^^ But I shall not discuss it here. 

Information loss problem 

Hawking v/as among the first to realize that black-hole 
evaporation poses a serious problem in preserving 
unitarity in time evolution of a quantum-mechanical 
state. It had been known earlier that information that 
went into a black hole was lost, but the presence of 
an event horizon made this unobjectionable. Black-hole 
evaporation (without any remnant singularity) would 
remove the event horizon, but does it also give back 
the information that went into the black hole? A purely 
thermal Hawking radiation cannot carry and give back 
any information and so in the process of black-hole 
evaporation we expect to lose information. In quantum- 
mechanical language, a pure state goes into a mixed 
state and there is violation of unitarity (Figure 3). 

One might think that in a macroscopic phenomenon 
like black-hole evaporation, it is difficult to keep track 
of all the degrees of freedom involved. But we know 
that in the absence of the effects of gravitation this 
can, in principle, be done, like when a large block of 
ice melts or a bomb explodes. According to the standard 
rules of quantum field theory, in a fixed Minkowski 
space-time the time evolution of any system from a 
given initial state is described unambiguously by a 
unitary transformation acting on the state. This implies 
that there is no loss of fundamental, fine-grained infor¬ 
mation. Hawking argued that this is no longer true in 
the presence of a black hole. The main problem is to 
know what happens to the black hole when all its mass 
is radiated away, and what happens to all the information 


Figure 3. Pure state going into a mixed state. 

X, 

that has gone into the black hole through the one-way ^ 
membrane but has not been able to come out. 

Normally, one equates unitarity with conservation of 
probability. Hawking^‘ proposed a change in the basic 
structure of time evolution in quantum mechanics, con¬ 
serving probability but allowing for unitarity violation. 

He proposed replacing the usual time evolution operator 
U = exp (- iHt) by another operator $ acting linearly 
on matrices, and taking p the density matrix to 5p. 

Here $ is called the superscattering operator. It can 
conserve probability but generically violates unitarity. 

However, Banks et aC^ showed that violation of 
unitarity necessarily implies violation of conservation of 
energy. Information transfer seems to require some en¬ 
ergy transfer along with it. So Hawking’s way of dealing 
with the problem by introducing a superscattering 
operator does not seem to be correct. 

In general, one has the following possibilities, when 
one wonders about the information that went into the ^ 
black hole: information is (1) lost, (2) reemitted and/or 
(3) retained in some remnant of the black hole. In the 
first case, loss could also mean going to another universe 
through a wormhole. In the case of reemission, it could 
take place either before or after the matter crosses the 
horizon. The former, called ‘bleaching’, is generally 
considered not possible in view of the fact that nothing 
out of the ordinary is expected to happen to matter ^ 
freely falling into black hole at the horizon (as all 
physical quantities are finite there). To get information 
after the matter has crossed the horizon would imply 
noncausal behaviour as the time inside the horizon is 
infinite in the distant observer’s frame and information 
will have to travel back in time. If a remnant of the 
hole carries all the information and radiates it out, it 
must be a long-living one as a lot of information has 
to be sent out by an object of small mass (of the order ^ 
of Planck mass). So, at first sight, the second and third 
alternatives do not seem very feasible. A discussion of 
the whole problem requires a knowledge of the back 
reaction on the metric due to emission of Hawking 
radiation. One has not been able to work this out yet. 
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Toy models (two-dimensional) 

Recently, there was a lot of excitement when hopes 
were raised that a toy model based on string theory in 
two dimensions can be solved exactly, even including 
quantum effects. This claim has not been sustained, but 
in the resulting activity one has still learnt a lot. It all 
began in 1991 with the discovery of a black hole in 
two-dimensional string model by Mandal et alP and 
independently by Witten’"^. The string black hole is quite 
similar to the Schwarzschild one. The metric is 

d^^ = dr^ — tantf r dt . 

It appears to have a singularity at r = 0, but the scalar 
curvature R has no singularity there as = 4/costfr. 

So, one makes a Kruskal-like transformation to 
2u = exp(/-/) and 2v - exp(/ + f), where r is the 
tortoise-like coordinate r = r-h In [ 1 - exp(-2r)] and 
dr = coth r dr (r = -oo when r = 0), to get 

ds^ = - dw dz;/(l - uv). 

While the horizon is at uv - 0 (r = 0, / = -®®), 
mi; = 1 is a real singularity as costf r - 0 there. If we 
take 

(j) = - ^ In (1 ~ Mz;) = In (cosh^ r) 

= ln[l+exp(2/)/4], 

we have d^^ = - exp(2<t)) du dv. The Kruskal diagram 
for this case is shown in Figure 4. 

Callan et al.^^ have proposed a model similar to this 
and claimed that it was solvable, which was what led 
to some excitement. In their model, 

ds^ = -da‘^doV(l+Mexp (a"-a'^)) 



VI 


Figure 4. Penrose diagram for a two-dimensional black hole. 


= (da" - dr")/[l + M exp 2a)], 
with = T±a. 

Writing 

(|) = -| In [M + exp (2a)], 
we get 

ds^ = exp (2(1) + 2a) (da" - dt"). 

The presence of field (j) makes this a metric of dilaton 
gravity. The action is given by 

5 = ^ Jd^c VPiT [exp (- 2<^) {/? + 4 (V(t))^ + 4X^} 

i 

The last term is due to the N matter fields that are 
present. The summation is over the N fields ,,.. , 
. For M = 0, (|) = - a and we have a flat metric and 
the space is called linear dilaton. For M > 0, the solution 
is a black hole given by the Penrose diagram (Figure 
5). The horizon is at a'^-a" = 2a —> - (a cor¬ 
responds to / here) and we have a black hole with 
singularities of the type that a string black hole had. 
At the horizon, cxip(2(^\^^ = 1/M. For M < 0, it is a 
naked singularity. 

If we have infalling matter - F (a"^) falling into 
the linear dilaton vacuum, it forms a black hole as 
shown in Figure 5. 

The solutions before and after the infall are given by 
d^" = -da^da", (|) = - a (linear dilaton), 
ds^ = - da"^ da"/[ 1 + M exp (a" - a'^) - A exp (a")], 
exp (- 2(t)>-= M"h exp ) [- exp (a") - A], 


Singularity 



Figure 5. The Penrose diagram for a collapsing black hole formed 
from a left-moving matter distribution. 
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7++ = I (d+F)^ 

M = jda*T^, A = Jdo^exp(-a*)r^. 

Using ^ =-In [exp (~ a")--A], = d5^ = 

- d^"/[I+M exp (^~ - 

Hawking radiation is described by exp (- iw^") as posi¬ 
tive frequency. This is a combination of exp(-ivyc~) 
and exp(iH^a"). That is a mixture of positive and 
negative frequencies of an asymptotic observer, which 
leads to emission with Hawking temperature in the usual 
way. 

Back reaction 


The back reaction problem seemed solvable under the 
assumption that dilaton and metric fluctuations are neg¬ 
ligible compared to the fluctuations of the matter fields 
f .. Quantization is considered via the functional integral 

J Dg D(t) exp [g, <1)]) j D/ exp (- i/4it) 


xJd^a^P7E(V^)'■ 


By using methods of string theory like Polyokov- 
Liouville action, trace anomaly, we can show 


/ j' Haw \ _ ^ 

\ ^ 48 


1 - 


1 


[l + Aexp(^-)r 


^ J’ Matter ^ 


thus providing consistent energy-momentum balance 
between infalling matter and the emitted Hawking 
radiation. 


Disaster 

Calculation of collapse along these lines^^, unfortunately, 
develops a singularity (kinetic operator degenerates) at 
where exp(2 = 12/M This singularity is hidden 
behind an apparent horizon, defined by 
[V exp(- = 0. Here exp(- (|)) is like a radius. So, 
the two-dimensional model seems as unsolvable as the 
four-dimensional one. This singularity is present even 
for the linear dilaton. So, this model is also not solvable 
and we are not much wiser about the problem of 
unitarity violation (Figure 6). 

Giddings^^ still argues that no information comes out 
in order-by-order calculation in 1/M approximation. He 
uses the fact that Hawking radiation emerges at weak 
coupling before (j) becomes critical. In this theory 
exp(2<t)) corresponds to the gravitational coupling. 

Black hole complementarity 

Susskind et have come up with an attractive idea 





Figure 6. Singularity line at (|) = 


to analyse the black hole formation and evaporation 
based on the two-dimensional model. This approach is 
based on the idea that one should not attempt to describe 
in the same framework the situation as seen by a freely 
falling observer and an asymptotic stationary observer. 
These views are complementary. In this approach, unitary 
evolution is demanded by assumption and formulated j 
as a postulate. When this idea is pushed to its logical 
limit, we find that it leads to prediction of some form 
of ‘bleaching’ or information reemission. This approach 
seems easier to formulate in terms of the ‘membrane’ 
idea pioneered by Thorne et al}"^ in the astrophysical 
context. The event horizon is very important for the 
distant or asymptotic observer. Nothing can come outside 
of it. It is normally claimed that there cannot be any \ 
drastic change at the horizon as all the known physical 
quantities of interest, like curvature, are finite there. 
Though this may be true for the infalling observer 
(locally), for the asymptotic observer the event horizon, 
or more exactly, the membrane which is very close to 
the event horizon, may play an im.portant physical role. 

The idea is expressed in the form of three postulates^l 

Postulate 1. The formation and evaporation of black 
holes as viewed by the distant observer can be described 
within the context of standard quantum theory. There 
exists a unitary 5-matrix which describes the evolution 
from infalling matter to outgoing Hawking-like radiation. 

Postulate 2. Outside the stretched horizon of a black 
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hole, physics can be described to a good approximation 
by a set of semiclassical field equations. 

Postulate 3. To a distant observer the black hole appears 
to be a quantum system with discrete energy levels. 
The dimension of the subspace of states describing a 
black hole of mass M is the exponential of the entropy 
S{M). 

Specifically, it is assumed that the origin of thermo- 
c^namic behaviour of black hole is the coarse graining 
of a large, complex, ergodic but conventionally quantum 
system. It is also accepted that a freely falling observer 
experiences nothing out of the ordinary when crossing 
the horizon as required by equivalence principle. It 
might seem contradictory to postulate one in the fol¬ 
lowing way. 

If space-time is foliated with a family of Cauchy 
surfaces Z as shown in Figure 7, which shows the 
Penrose diagram for the evaporating black hole, the 
S-matrix relates the surface below and above the point 
P (where global event horizon intersects the curvature 
singularity). The Hilbert space of states can be written 
as a tensor product of black hole and outside Hilbert 
spaces. If there is a unitary operator which relates the 
outside state before the formation of black hole to the 
outside state after the evaporation of black hole, this 
would imply that there is no net information transfer 
to the black hole. So, any information received must 
have been sent back from the horizon or some membrane 
outside it. 

Thus, all distinctions between initial states of infalling 



Figure 7. Penrose diagram for black-hole evolution. 
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matter must be obliterated before the state crosses the 
global horizon. But this is an unreasonable violation of 
the equivalence principle that nothing out of the ordinary 
happens at the event horizon. According to these 
authorsthis conclusion is not correct, as a state 
describing interior and exterior together is unphysical 
because this implies correlations which have no opera¬ 
tional meaning as no information can come out from 
inside. Only a superobserver outside our universe (GOD!) 
can make use of the product Hilbert space. So, it is 
claimed that the assumptions that (i) distant observer 
sees all infalling information returned in Hawking-like 
radiation and (ii) infalling observer sees nothing unusual 
at event horizon are not contradictory. If one demands 
a standard quantum theory valid for both observers, it 
is inconsistent with the postulates. One can call this a 
sophisticated ‘bleaching’ scenario, which many of us 
may find attractive. 

In discussing this idea in the context of two-dimen¬ 
sional models, Susskind et avoid the problem of 
singularity at by imposing suitable boundary condi¬ 
tions, which is somewhat unsatisfactory. They feel that 
discussion in terms of the membrane or stretched horizon 
is more physical and satisfactory though the treatment 
is still qualitative. 

Stretched horizon and t>vo kinds of entropy 

Classically, quasistationary black holes can be described 
by outside observers in terms of a ‘stretched horizon’ 
which behaves like a physical membrane with certain 
mechanical, electrical and thermal properties. The 
description is coarse-grained in character. It has time- 
irreversibility and dissipation properties of a system 
described by ordinary thermodynamics. The membrane 
is very real to the outside observer. If he or she is 
suspended just above the stretched horizon, an intense 
flux of energetic radiation will be observed, apparently 
emanating from the membrane. He or she will also see 
other electrical, mechanical and thermal properties. If, 
however, the observer lets go the suspension and falls 
freely, the membrane will disappear and they cannot 
even report this fact to the outside world. In this sense, 
there is a complementarity between observations made 
by infalling observers and distant observers. 

To implement the postulates, it is assumed that the • 
coarse-grained thermodynamic description of the 
membrane has an underlying microphysical basis. The 
microphysical degrees of freedom appear in the quantum 
Hamiltonian used to describe the observable world. They 
must be of sufficient complexity to behave ergodically 
and lead to a coarse-grained description. 

Lagrangian mechanics and thermodynamics are quite 
different descriptions of a system. In Lagrangian mecha¬ 
nics, the motion of any system is reversible and the 
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concept of heat and entropy has no place. Thermo- 
dynamics is the theoiy' of irreversible dissipation of 
organized energy into heat. The thermodynamic descrip¬ 
tion arises from the coarse graining of the mechanical 
description. In thermodynamics, configurations that are 
macroscopicaliy similar are considered identical. 

To discuss black hole formation and evaporation, it 
is useful to distinguish the two kinds of entropy that 
normally arise: entropy of entanglement and entropy of 
ignorance (or thermal entropy). The former is of quantum 
origin. Consider a quantum system composed of two 
parts or subsystems A and B. In our discussions these 
two subsystems will refer to the stretched horizon and 
the radiation field outside the stretched horizon. 

Lei the total Hilbert space be a product of the two 
sub Hilbert spaces. H = If (la)}, {!/?)} are 

orthonormal bases for and respectively, a 
general ket I t|f) in H may be written as 1V) = 
St|/ {a, b)\ a) x \ b). 

The density matrix of a subsystem A in the basis 

I la) } is 

P4 = X V’*' b) 

h 

and that of B is 

pg(b,b') = Y, ^ia,b) {a, b'). 

Note that the composite system A tj i? is in a pure state. 
The entropies of entanglement of subsystems A and B 
are defined by 

S, iA) = - Tr [ p. In pj and 5, (B) = - Tr [p^ In pJ. 

= Sg(Bj if composite system is in a pure state 
as A and B together are in our case. 5^ = 0 only if 
the ket! t|r) is an uncorrelated product state. The entropy 
of entanglement is not subject to the second law of 
thermodynamics. It can increase or decrease with time. 
If Hg is of dimension Dg and of dimension then 

, where < D^. 

Entropy of ignorance or thermal entropy arises as we 
have to assign a density matrix to a system not because 
it IS quantum-entangled with a second system but because 
we are ignorant about its state. We assign a probability 
to each state. If we know nothing, we take p proportional 
to . If we know only its energy, we take p 0 only 
in allowed energy space. Thermal entropy arises because 
o the practical inability to follow the fine-grained details 

of a system. For a system in thermal equilibrium with 

a reservoir 

-BHlLriran “ PmB “ ^ ^ ^Xp (—P//) 

SH2 


and 

‘5't = HPub)1 

Formation and evaporation of black hole 

Now let us consider the formation and evaporation of 
a two-dimensional black hole. The evolution of entropy 
with time is shown in Figure 8. Initially, the stretched 
horizon is in the ground , state with minimum area and 
radiation is in a pure state, so = 0. When the area 
of horizon increases because of infalling matter. Hawking 
radiation in the form of f-quanta are emitted. The states 
of f-quanta are correlated to the state of the horizon 
and so increases. But S^(H) < = A(t).' So, 

Sg is bounded and must return to zero as the horizon 
goes to the vacuum value. Page^^^ has shown that Sg 
follows in the beginning. He also showed that the 
dependence on the parameter m^^/M is nonanalytic so 
that Giddings conclusion, mentioned earlier, that in 
weak-coupling approximation no information comes out, 
may not be valid. 

The final outgoing radiation is different from thermal. 
To see this, notice that halfway through the evaporation 
process 5^ = and fine-grain total entropy is zero. 
But radiation is correlated to the degrees of freedom 
of the horizon As more time passes, the horizon 
emits more quanta and the earlier correlation between 
horizon and radiation is replaced by a correlation between 
the earlier and the newly emitted later quanta. Because 
of the transfer of these correlations to the radiation 
itself, the goes to zero and the horizon is no longer 
correlated to the radiation. Local properties will be 
thermal but there are correlations spread over entire 
time occupied by the outgoing flux energy. In this way 
information is sent back to the outside system and no 
loss of unitarity is there. 



u* j entropy of radiation and stretched horizon, 

the dashed curves indicate the thermal entropies. 
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General remarks 

A strange ambiguity seems to prevail when one discusses 
the event horizon of a black hole. On the one hand, it 
is a monster gobbling up things which will never return. 
On the other, it is a harmless region, as curvature and 
other physical variables are finite there for the freely 
falling observer. Is the event horizon eventful or a 
neutral spectator? The contradiction arises due to the 
need for reconciling two opposite points of view: that 
of the freely falling observer and the asymptotic observer. 
The suggestion that they are complementary and we 
cannot listen to both, thus, seems an attractive idea. 
When all the dust has settled down, what has been 
chalked up on the board? We are no wiser as even the 
two-dimensional models have turned out to be not 
solvable in closed form. Some new ideas and a lot of 
new techniques have come up in the process. The 
black-hole complementarity seems a very attractive idea. 
However, the theorists working in this area (both particle 
physicists and general relativists) have to get a lot more 
confidence in their mathematical techniques before a 
consensus emerges. Can an observable prediction 
emerge? One can always hope. Maybe in the area of 
cosmology, where too we have an event horizon, a 
prediction may emerge! 
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New routes for the synthesis of organo- 
metallic reagents 

Mariappan Periasamy 

In recent years, organometallic reagents have been utilized in numerous functional group 
transformations and C-C bond-forming reactions in organic synthesis. However, several of these 
synthetic methods require reagents which are not readily accessible to practising organic 
chemists. We have undertaken research efforts to synthesize some of these useful reagents in 
situ from readily available starting materials for applications in organic synthesis. For example, 
hydroboration of olefins can be readily achieved by the CH^COOH/NaBH^ or {CHf20O)ffH[g /MaBH ^ 
combinations^~^. These reagent combinations work as good as or- better than the exotic reagent 
systems previously employed in certain selective hydroborations^’ . 


It has been known for some time that the reaction of 
I 2 with NaBH^ in diglyme gives B,H(; gas which is also 
relatively pure compared to the reagent generated using 
F 3 B : OEtj in place of (ref. 5). It appears that this 
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method has not been widely utilized for the generation 
of because these authors utilized vacuum line 

techniques for the isolation of the reagent in a series 
of liquid traps^'^. We have found that can be 

readily generated from the combination using 

the apparatus recommended for the BF 3 /]SraBH^ reagent 
system^*^. Several amine-BH 3 complexes, including chiral 
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amine boranes, have been prepared following this method 
for synthetic applications^"^. 


C 0 CI 2 


NaBH,/Ph 3 P 

THF 


(Ph 3 P) 2 Co(H)Cl 


Dielvme 

K+ 2 NaBH 4 —^ 
-H,. -2NaI 


R 3 N:BH 3 

Benzene 


CuCl 


NaBH4/Et3N/MgBr2 ^ 
THF ^ 


CuH • MgBr 2 


Catecholborane and its derivatives have been readily 
prepared for synthetic applications using the 62 !!^ 
generated in this way^*^"^l 

Several iodoborane complexes have been prepared for 
applications in hydroborations, reductions, iodinations 
and also in cleavage of carbamates, esters and ethers^^"’^. 


CuCl 


NaBH^/MgBr, 

-- 

THF 


CuH • MgBr^ 


Cp 2 TiCl 2 


BrCH.CH.Br/Mg 
-::-► 

THF 


Cpji 


PhCCjHjjjN.-BH, 



1/2 L 


-I/ 2 H 2 " 

I, 

Benzene 

-H, * 


3/2 I, 
- 


1 - 

-3/2 H: 


Ph(C2H5)2N:BH2l 

Ph(C2H5)2N:BHl2 

Ph(C2H5)2N:Bl3 


Recently, we have reported that the readily accessible 
I^/NaBH^ reagent system is useful for several synthetic 
applications^^’ 


(RCH.CHj.LB 

RCHjOn 

RCH,OH 


R-CH=CH 
■< -: 


^RCOOH 


RCOOCH, 

.<-L 

67 C 


lyNaBH^/THF 


->■ RCH3NH, 


R,CH,NHR' 


rch,nr; 


BrCH,CH,Br/Mg 

Ticu —:-► MCH2CH2M 


THF 


M = Mg, TiCl3 


Figure 1. 


C0CI2 r ] 

THF/CO 


aq. NaOH 


[Co(CO)4]" 


CoX, 


CoBr, 


NaH/MgBr 2 /CO/RC=CR 


Zn/RC=CR/CO 


• (RC=CR)Co 2 (CO )6 


CoCL 


Na/Naphthalene 


THF/CO 


[Co(CO)4]“ 


McKennon et a/.'* reported that the E/NaBH^ reagent 
system is excellent for the reduction of amino acids to 

amino alcohols. 


R-CH-COOH 


NH, 


lyNaBH, ^ 
THF ^ 


R-CH~CH,OH 

1 

NH, 


FeCl 3 

or 

Fe(CO )5 


Na/Naphthalene 

THF/CO 


^ [Fe(CO)4] 


2 - 


Figure 2. 


Tile reactive species of the C/NaBH^ combination in 
Ae THF solvent would be BH 3 ‘: THF (ref. 18). Hence, 
it is expected that this reagent system will become the 
method of choice for applications -in which the BH 
complexes are required. ^ 

We have also developed several useful transition metal 
reagents in situ for synthetic applications using readily 
accessible starting materials (Figure 

Also, methods have been developed for the preparation 
of several useful metal carbonyl complexes for synthetic 
utilizations (Figure 

It is anticipated that several of these methods would 
become the methods of choice for the synthesis of these 
materials. Very recently, we have reported convenient 
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methods for the synthesis of the following useful chiral 
amino alcohol and dioP^"^^ 



It is hoped that the simple, convenient methods of 
preparation of these useful materials will be helpful in 
further research developments in these areas. We are 
actively pursuing research activities on these topics. 
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Bamboos - Some newer perspectives 


C. K. John, Rajani S. Nadgauda and A. F. Mascarenhas 


Bamboos are a part of the life and culture of southeast Asian people. They are a sought-after 
industrial raw material of considerable economic importance. All possible methods for their 
optimum utilization need to be tried. Bamboos have a peculiar behaviour of flowering and 
seeding at the end of very long vegetative growth phases, the length of which is considered 
to be species-specific. This makes their perennial propagation by seeds and their improvement 
by hybridizations practically impossible. Some inherent properties of bamboos can be exploited 
profitably to overcome these difficulties. In vitro induction of flowering has vast potential in 
bamboos. Bamboos need to be viewed in a broader perspective. 


Bamboos are a most useful group of plants, and are 
members of the grass family (Poaceaef. Two important 
characters which make (majority of) them distinct from 


The authors are in the Division of Plant Tissue Culture, National 
Chemical Laboratory, Pune 411 008, India. 


Other grasses are: (i) woody perennial habit and (ii) 
peculiar flowering and seeding behaviour^. Most woody 
bamboos flower and seed at the end of very long periods 
of vegetative growth^ (Figure 1). In India, bamboos are 
the major source of raw material for pulp and paper 
industries'^. Besides, they ar^ also used for a variety of 
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purposes like house construction, .making of household 
utensils, agricultural implements, handicrafts and over 
a thousand other uses^’^. 

The demand for bamboos is increasing much more 
than their availability. In the near future, a major shortfall 
in the availability of bamboo raw material for the paper 
industry is expected^. Due to severe deforestation and 
the present limitations of bamboo propagation and im¬ 
provement, it is unlikely that the increasing demand 


will be fulfilled. This emphasizes the need for enhancing 
bamboo production. This can be achieved by (i) increas¬ 
ing the area under bamboo cultivation, (ii) selective 
multiplication of better clones and (iii) use of improved 
varieties. 

Bamboos are well known for their fast growth, and 
their use as a substitute for timber would greatly reduce 
deforestation. Bamboos need to be given more importance 
in agro-forestry, social forestry and wasteland develop- 



Figure 1. Sequence of events during flowering, seeding and death of a bamboo clump: a, one clump in vegetative phase; h, a flowering 
and seeding clump; c, death of a flowered clump; and c?, coppicing and flowering alter the culms are cut in Bambusa armulinacea. 
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nient. Rural economies in southeast Asian countries are 
dependent on biomass production and popularization of 
bamboo cultivation, and bamboo-based industries would 
greatly help in rural development. 

The potentials of bamboos are well understood and 
efforts are being made to overcome the difficulties in 
their propagation and improvement. In recent years tissue 
culture methods have also been standardized for their 
propagation*^"’^ One of the outstanding achievements in 
this field is the in vitro induction of flowering in 
bamboos within a few months as against many years 
in nature 

In this article we attempt to view the potentials, 
problems and prospects of bamboos in a broader perspec¬ 
tive. 

The peculiar flowering behaviour of bamboos 

Brandis"' classified bamboos into three categories on 
the basis of their flowering behaviour: (i) species which 
flower annually (or nearly so), (ii) species which flower 
gregariously and periodically and (iii) species which 
flower irregularly. According to Blatter"", these three 
categories are fairly complete. Most of the woody bam¬ 
boos belong to the second category, in which the 
intermast periods range between 3 years (in Schizo- 
stachyum elegantissimum) and 120 years (in Phyllos- 
tachys bambusoides)^. Bambusa vulgaris (syn. B. striata) 
is considered either as a sterile mutant or as having an 
intermast period of 150 years (or more). 

Though much is written about the species-specific, 
supra-annual intermast periods, actual data on them is 
very little. From the published flowering dates and 
intermast periods, it appears to be not very rigid. For 
example, in Phyllostachys bambusoides gregarious 
flowerings were reported in 999 and 1114 ad (intermast 
period 115 years), 1716-1735, 1844-1847 and 1966-1969 
(intermast periods?), though this species is considered 
as having a flowering cycle of 120 years^. In Melocanna 
bambusoides flowering was repo':ted in 1863—1866, 
1892-1893, 1900-1902, 1933 and 1960 from Mizoram 
hills (intermast periods 26-30 yea?!;, 7-10 years, 31—33 
years and 27 years), in 1864 and 1911-1912 from Lashai 
Hills (intermast period 47-48 years) and in 1863—1866, 
1908-1912, 1958-1959 from Ch.ittagong, Bangladesh 
(intermast periods 47-48 years, 42-49 years and 46-51 
years)^. From reports of gregarious flowering from dif¬ 
ferent places intermast periods estimated for Bambusa 
arundinacea and Dendrocalamus sirictus (the two most 
common bamboos of peninsular InMa) are 30^5 years 
and 20—60 years, respectively. Mmy bamboo species 
having long intermast periods arc reported to flower 
almost every year in Thailand. The>e variations may be 
due to the existence of many cohorts having differing 
intermast periods or due to enviinnmental (edaphic?) 


factors. Is the species-specific intermast period constant? 
To understand this the lengths of the intermast period 
are to be studied in detail in large number of species. 
When variations do exist, their extent needs to be 
assessed. This would establish whether flowering in 
bamboos is under the sole control of an internal calendar 
(genetic control), totally free from environmental factors, 
or there is any interaction between the internal clock 
and the environment. 

When does the countdown of the intermast period 
start? Is it from seed or seedling?"^ Seeds, until ger¬ 
mination, are almost inert - metabolically. Probably, the 
countdown may be from seedling. This can be verified 
by storing seeds (under appropriate conditions), raising 
plantations at time intervals (6 months, 1 year, etc.) 
and checking whether all of them flower at the same 
time, or they show the same periodicity at which they 
are raised from the seeds. These can be studied only 
in species having shorter intermast periods. An attempt 
made in Ochlandra ebracteata (intermast period about 
7 years) was not successful. The berry-like seeds (fruits) 
in this species are highly recalcitrant and lose viability 
very fast. A wide variety of storage conditions tried 
were not suitable for prolonging seed viability in this 
species. 

When a species (cohort) flowers gregariously, few 
individuals flower one year earlier (preceding tail) or 
later (succeeding tail). Thus, flowering and seeding occur 
in three consecutive years. 

Some of the gregariously and periodically flowering 
bamboos also flower sporadically at irregular intervals'. 
Sporadic flowering occurs in isolated clumps, in few 
culms of a clump or in few branches of a culm, 
producing very little or no seeds"''. In B. arundinacea 
and D. strictus flowering is encountered almost every 
alternate year in some places"^. When there is seed-set, 
sporadic flowering also is a source of seeds during long 
intermast periods. Studies on the reproductive biology 
of bamboos are needed to understand the reasons for 
reduction/absence of seed-set in sporadic flowering. 

Reproductive biology in bamboos 

There are very few reports on the reproductive biology 
of bamboos, possibly because of their flowering only 
at long intervals. Some interesting observations were 
made from studies on reproductive biology in three 
species of bamboo, B. arundinacea, D. strictus and 
Melocanna bambusoides~^~^^ (Figure 2). Bamboos can 
be divided into two categories on the basis of maturing 
of the reproductive structures (androecium and 
gynoecium): (i) species in which androecium and 
gynoecium mature at the same time, as in B. arundinacea, 
and (ii) species in which androecium and gynoecium 
mature at different times (dichogamy), as in Z). strictus. 
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In the first category androecium and gynoecium remain 
at two different planes, anthers at a much lower plane 
than the stigma, acting as a barrier to self-pollination. 
In the second category gynoecium matures 3-^ days 
(or more) earlier than androecium (protogyny), preventing 
self-pollination. 

This difference in the maturing of the reproductive 
structures has application in breeding. A step of emas¬ 


culation can be omitted when protogynous species are 
used as female parents. Because of the size of the 
clumps (nearly 50-100 ft), and wind pollination, at the 
time of anther dehiscence and pollen release, self-pollen 
gets dispersed in the whole surrounding. In species in 
which androecium and gynoecium mature at the same 
time, maintaining fidelity of cross-pollination becomes 
very difficult, and protogyny can be used effectively. 



start of male phase; c, ^^11 bT^secte^ rf °o"ne ”f ft* stigma); b, a floret at 

and gynoecium maturing at the same time but remaining at two'^differenT'i^r'^ arundimcea at the time of anthesis (note the androet 
the female phase; and g, one floret in the male p"® Dendrocalamus strictus; f, one flore 


) 


> 
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Difference in the maturing of reproductive structures 
is of use in taxonomy. Many characters are used in 
dividing bamboos into major categories. Munro^^ divided 
them into three categories on the basis of the number 
of floral parts: Triglossae, Bambusae verae and Bacci- 
ferae. Brandis^' divided them into three categories on 
the basis of flowering behaviour. McClure* divided them 
into two categories on the basis of the pattern of rhizome 
growth: sympodial (pachymorph) and monopodial (lepto- 
morph). Difference in the maturing of reproductive struc¬ 
tures can also form a character in classifying bamboos. 
Tribe Bambuseae can be divided into two categories on 
the basis of this character^**. 

In species under the first category, the mechanism 
preventing self-pollination is a physical barrier and 
androecium and gynoecium mature at the same time. 
Pollen from anthers of one floret can pollinate stigmas 
of other florets at a lower plane either on the same 
culm/clump or a different culm/clump. Hence, in species 
under this category there can be some amount of seed-set 
in sporadic flowering (also in flowering in isolated 
clumps), provided there is no self-incompatibility, as in 
B. arundinacea. In species under the second category, 
since androecium and gynoecium mature at different 
times, the chances of seed-set in sporadic flowering are 
very low. Studies on sporadic flowering in D. strictus 
showed protogyny to be highly effective. Seed-set can 
be in the range of 0-1%, depending upon the number 
of culms/clumps involved and their location. The timing 
of anthesis (or exertion of gynoecium/androecium in 
species exhibiting dichogamy) is highly synchronized, 
and is dependent on atmospheric conditions (temperature, 
humidity and probably light intensity). Wind being a 
passive pollinator, a high degree of synchrony in the 
timing of anthesis (or exertion of reproductive structures) 
is very essential for successful pollination. Florets which 
are out of phase with the majority will not be pollinated. 
Probably, bamboos are solely wind-pollinated. 

Pollination in bamboos 

Bees are reported to hover around the flowers of Bambusa 
polymorpha^\ Pollination in Chilean Chusquea is sug¬ 
gested as being assisted by wind and some small insects^“. 
B. polymorpha and C. abietifolia have purple glumes 
and bright-yellow anthers, suggesting a role in insect 
pollination^. However, bamboos also have inflorescen¬ 
ces/florets similar to other grasses and the florets are 
greatly reduced. From reports of profuse seed production 
when many clumps flower in close proximity, and little 
or no seed-set in isolated clumps (and also in sporadic 
flowering), it may have to be inferred that bamboos 
are predominantly out-crossers. 

Only 1-2 florets mature each day and anthesis/exertion 
of reproductive structures in an inflorescence takes 1-2 


weeks. In most bamboos anthers have long, slender 
filaments. When mature and fully exerted, anthers remain 
at a distance from the floret/receptive stigmas. The long, 
slender filaments help in pollen release when anthers 
move in the wind. Insects do not come in contact with 
anthers/receptive stigmas when they visit florets at the 
time of anthesis. Hence, they cannot act as pollinating 
agents. In B. arundinacea, D. strictus and M. bam- 
busoides insects visit the florets much before anthesis 
and eat pollen from immature anthers by cutting open 
the anther wall^^"“^ There cannot be co-evolution between 
bamboos and insects because the former flower at long 
intervals and the latter have short life-cycles. The insect 
visitors cannot be obligatorily dependent on bamboos, 
and may have to be considered only as chance visitors 
of their florets. 

Relatively smaller pollen grains of bamboos are shed 
in a dehydrated state. The stigmas are highly feathery 
and have many thin papillae. These characters are adap¬ 
tations for wind pollination. Insects visit bamboo florets 
only when the climate is good. In many bamboos seed 
production takes place even in the absence of insect 
visitors. 

Our knowledge on the reproductive biology of bamboos 
is still fragmentary and such studies are urgently needed 
in a large number of species. Often, bamboos flower 
in far-off, inaccessible forests, making detailed studies 
very difficult. This difficulty can be overcome by rhizome 
transplantation from flowering clumps^^. 

Rhizome transplantation 

Rhizomes from flowering clumps, when transplanted, 
produce coppices and flower. Coppices being only a 
few feet tall, flowering takes place at convenient heights. 
When transplanted near the laboratory, detailed studies 
can be made conveniently. This method can also be 
used for hybridizations, when two or more species flower 
at the same time at different (distant) locations^"*. 

Cryopreservation of pollen 

Cryopreservation of bamboo pollen can be another 
method of overcoming the barrier placed on hybridiza¬ 
tions by the peculiar flowering behaviour~^. Long-term 
storage of pollen in many species would help in obtaining 
overlap in the availability of both male and female 
gametes in two or more species. Venkatesh^^ has reported 
approximately 90% germination of Ochlandra travan- 
corica pollen in a 1% sucrose solution. Studies on B. 
arundinacea and D. strictus showed sugar specificity 
for pollen germination and pollen tube growth. Addition 
of components of Brewbaker-Kwak^^ medium at opti¬ 
mum concentrations also helps"^. 

Since seeds in most economically important bamboos 
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takes place over many months. In Pune, when these 
species flowered in 1990-1991, flowering started in 
August-September. Ripe seeds started falling off from 
the tree by December and continued till May-June. By 
March-April thick carpets of ripe seeds were covering 
the ground below the clumps. There were many seed 
predators, and squirrels, rats and birds being the most 
common. 


are available only at long intervals, it is essential to 
make their proper use. 


Storage of bamboo seeds 


In bamboos there are broadly two seed (fruit) types, 
caryopsis and berry (Figure 3). B. arundinacea and D. 
strictus, in which the seeds are caryopses, seed production 


imboo seeds; Bamhusa arundinacea-, b, Cepfialostachyum pergracile\ c, Dendrocalamiis hamiltonii\ d, Dendrocalarnus strictiis] 
ebracteata\ and /. Meloranna bambusoides. In the former four species seeds are grain-like, with less moisture contents and 
wo species they are larger and fleshy. 
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These seeds (caryopses) are shed in a dehydrated 
state. Prolonged seed viability on storage is dependent 
on many factors. Cleanliness of the seed lot, seed 
moisture content and storage temperature are very impor¬ 
tant. When seeds are stored without cleaning, loss of 
viability is rapid, possibly because of degradation by 
pathogens. Clean seeds remain viable for longer periods. 
When seeds are collected, cleaned, sun-dried and stored 
at lower temperatures (-70°C), they retain viability for 
long (more than three years), though there is a gradual 
decrease in viability. Storage of bamboo seeds for many 
months over dehydrants at lower temperatures is 
reported^^. Seeds exposed to pre-monsoon rains also lose 
viability faster. Hence, it is essential that seeds are 
collected, cleaned, sun-dried and stored at regular inter¬ 
vals rather than once, by the end of summer. This 
would also act as a check on seed predators. 

In ‘berry-bearing bamboos’ (species of Melocanna, 
Melocalamus and Ochlandra), the berries take longer 
to mature (6-9 months). Most of them mature nearly 
at the same time, just before or by the onset of monsoon. 
Vivipary is observed occasionally (Figure 4). The mois¬ 
ture content of the berries is very high. They lose 
viability as moisture is lost and cannot be stored at 
lower temperatures. 

Standardization of long-term storage conditions of 
bamboo seeds would be of great value. Since cold-room 
facilities are now available in all major cities, forest 
agencies would also be able to use these methods. This 
would help, at least partly, in solving the problem of 
non-availability of seeds during the long intermast 
periods. 

Use of stored seeds for many years for establishment 
of plantations would result in a breakdown of synchrony 
in flowering cycle in the course of time (provided the 
countdown of the intermast period starts from seedlings 
and not from seeds). 

Seed orchard 

In many bamboo species possibly there are many cohorts 
differing in the length of intermast periods (?), and the 
time of flowering. During gregarious flowering, seeds 
are available for three consecutive years in many of 
them. If seedlings are established from seeds from all 
three years, in the following generation flowering and 
seeding will take place in five consecutive years, and 
in further generations for seven years, nine years and 
so on. According to Janzen’s^ hypothesis, this may be 
due to the breakdown of the tropical forest ecosystems 
and absence/reduction of (majority of) seed predators 
from the habitats in which bamboos grow at present. 

Some species of bamboo also flower sporadically at 
irregular intervals"^^, and flowering and seeding are avail¬ 
able every few years (at different locations). In B. 


arundinacea, D. strictus and some others sporadic flower¬ 
ing is very common"^. Obtaining seeds of these species 
is not considered difficult. Prasad^^ has reported suc¬ 
cessful raising of D. longispathus plantations over many 
years from seeds obtained from sporadic flowering. 

Establishing a seed orchard of bamboos would help 
in obtaining perennial seed supply. Many cohorts of 
different species can be grown at one place, as a source 
of seeds and for field studies on bamboos. 

Why is the intermast period so long? 

The question ‘why is the intermast period so long?’ (in 
bamboos) has intrigued many but addressed by very 
few. Janzen^ explained it as an adaptation, to satiate 
the seed predators at the prey population level. The 
long intermast periods are considered to have developed 
as a result of selection. When large amounts of seeds 
are produced, a sufficient number are left after satiating 
the local and transient predators. Wind pollination 
prevalent in bamboos makes it essential that the intermast 
periods increase by doubling, so that the mutants (?) 
are not at a disadvantage for pollination. A survey of 
literature on this aspect^ (however meager it is) shows 
that it may not be true. The minimum intermast period 
in bamboos is 3 years (in Schizostachyum elegantissi- 
mum). Doubling would give 6 years, 12 years, 24 years, 
48 years, 96 years, etc. If most common intermast 
periods are considered, it can be 15 years, 30 years, 
60 years, 120 years and so on. But these are not the 
only intermast periods. Information on intermast periods 
summarized by Janzen^ also shows many odd figures. 

One method implicated in the lengthening of intermast 
periods is polyploidy. Most of the mast-seeding bamboos 
are highly polyploid. However, prima facie there is no 
correlation between the ploidy levels and the lengths 
of intermast periods, when bamboos are taken either as 
a whole or when individual genera are considered. For 
example, in the genus Phyllostachys, P. aurea, P. bam- 
busoides and P. henonis have chromosome numbers 
2n = 48 (possibly tetraploids)". P. aurea has an intermast 
period of 15 (14-17, 13-19) years, P. bambusoides 120 
years and P. henonis 60 years^. In the genus 
Dendrocalamus, both D. brandisii and D. giganteus have 
chromosome number 2n = 72 (possibly hexaploids). Their 
intermast periods are about 20 years and 76 years, 
respectively. Many species of south Indian Ochlandra 
have chromosome numbers 2n = 72, though they have 
shorter intermast periods, in the range of around 7 years. 

Death of the parent 

The death of the bamboo parent after flowering and 
seeding used to be considered as an intriguing 
phenomenon for long^. Nicholson postulated that the 
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death of the adult bamboo removes the intense shade 
they cast and helps in the establishment of the seedlings^^. 
In Janzen’s opinion the adult bamboos die because they 
put in all their stored resources in producing a large 
seed crop (due to selection pressures). Small amounts 
of resources saved would not be sufficient to maintain 
the adult in competition with a large number of its 
seedlings and other species ol plants, and also at the 


face of challenges from herbivores (local and transient). 
Holding back enough resources would jeopardize the 
size of the seed crop. Moreover, if a ‘monocarpic’ 
(‘semelparous’ - flowering and seeding only once at the 
end of the vegetative growth phase) mast-seeding bamboo 
has to become ‘iteroparous’ (flowering annually for 
many years after attaining maturity), it would need two 
internal calendars, one to tell when it germinated from 



Figure 4. a, A maturing fruit of Melocanna bambusoides (note the beak, pointing downwards, which fixes the fruit on falling on ground); 
b, viviparously germinated fruit of Ochlandra ebracteata; c, same as in b, on further growth; d, one fruit of Ochlandra stridula, an 
iteroparous species; e, an albino seedling of Melocanna bambusoides\ /, flowering and fruiting in coppice developed from a transplanted 
rhizome of Melocanna bambusoides’, and g, maturing fruit on a coppice. 
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the seed and the other one to tell when it flowered 
last^. If bamboos are to become iteroparous, they may 
not need two calendars. They would flower every year 
on attaining maturity (under environmental control), after 
a certain juvenile phase. There are few iteroparous 
bamboos (Arundinaria wightiana, Bambusa forbesii^ 
Ochlandra stridula, etc.). Bamboos would need two 
internal calendars, when the parent is not to die after 
flowering but is to flower after growing vegetatively 
for another round of its species-specific intermast period, 
and repeat it many times. 

^ Monocaipy is very common among members of the 
grass family"^®. Most of them are herbaceous seasonals 
or annuals. In spite of its huge size, the grass family 
is a coherent one, exhibiting characteristic combinations 
of unusual morphological and anatomical features. They 
have high capacity for hybridization and polyploidy. 
Their morphology, anatomy, habitat and reproductive 
cycles contribute to their competitive success and ver¬ 
satility Bamboos are arborescent and grow as thick 
forests, conspicuous because of their size. Culms are 
the useful plant parts (unlike seeds in cereals). After 
(gregarious) flowering and seeding, whole bamboo forests 
which existed for many years get wiped out. These may 
be the reasons for their death getting more attention'^®. 

Propagation methods 

Bamboos are propagated by seeds (when available), and 
a variety of vegetative propagation methods which are 
in use for a long time^"^. In recent years tissue culture 
methods have increasingly been used for their propaga- 
tion«-^\ 

Seeds 

Seeds are the most convenient mode of propagation. 
Their smaller sizes allow easy transportation, and their 
metabolic inertness permits waiting periods of few weeks 
to even few months in transportation and planting. 
However, the peculiar flowering and seeding behaviour 
of bamboos makes this only of limited use in perennial 
raising of plantations in many species. Once methods 
are standardized for long-term storage of seeds, this 
method would be of much value. 

Conventional methods 

Conventional methods for vegetative propagation of bam¬ 
boos are seedling multiplication, offset and clump 
division, rhizome cuttings, layering, culm cuttings, pre¬ 
rooted and pre-rhizomed branch cuttings, and branch 
cuttings and nodal bud chips^"^. Most of these methods 
have some disadvantages. The propagules are larger, 
difficult to extract, transport and plant. Their 
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non-availability in sufficient numbers is another limita¬ 
tion. Extraction of vegetative propagules results in 
decrease in the productivity of parent clumps. Lastly, 
they also flower at the same time as their parents, 
resulting in lower total yields. One advantage is that 
they establish and reach the productive phase faster, 
3~5 years earlier than seed-raised plantations. 

Seedling multiplication does not involve many of the 
difficulties associated with other conventional methods 
of vegetative propagation. But the availability of seeds 
only at long intervals (not in all species), lack of 
methods for their long-term storage and the length of 
time taken to establish and reach productive phase are 
some of the problems encountered. At the age of 30—40 
days, seedlings produce culms and develop rhizomes. 
By 9 months they attain a 4-5-culm stage and can be 
divided into three units, each having rhizome, roots and 
shoots. By this method the seedlings can be multiplied 
for few years to produce a large number of propagules. 

Tissue culture methods 

Most tissue culture methods are based on micropropaga¬ 
tion and somatic embryogenesis from seedling rhizome, 
node and basal node explants. Somatic embryogenesis, 
in explants derived from inflorescences, immature and 
mature embryos, seedling root and seedling sheaths, is 
also used^^^^. Very recently, methods for large-scale 
propagation of bamboos using nodal bud explants derived 
from mature clumps (of different ages) have also been 
reported^^’The use of explants from mature clumps 
has the advantage of permitting selection for ‘plus’ 
clumps. A possible disadvantage is that being a vegetative 
propagation method, the plantlets may also flower along 
with their mother clumps. The total yield would depend 
on the time left for flowering. In species having shorter 
intermast periods (15-30 years) this can be a serious 
handicap. However, for species having longer intermast 
periods (60-120 years) this may be acceptable. Tissue 
culture methods allow the production of a large number 
of plantlets identical to the mother trees. They are 
smaller and can be easily transported and planted. 

Selection 

Many bamboo species are known to be highly 
heterozygous in nature"*^^. Like grasses in general, 
bamboos are wind-ppllinated. They have physical/ 
physiological barriers to selLpollination^^^^’^^ These fac¬ 
tors contribute to the high degree of genetic variability 
and provide ample scope for selection'*^. Since culms 
are the produce of economic value, increased biomass 
production is the main objective of selection. Faster 
formation of rhizomes and clumps, non-congestion of 
clumps, higher rates of growth and culm production, 
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diameter of the culms, thickness of the culm walls, 
length of intemodes, etc., are characters which contribute 
to higher biomass yields. Fibre length can be one 
important character for species used as raw material in 
paper industry. Disease, insect and pest resistance can 
also add to economic gains. 

Most characters contributing to increased biomass 
production are expressed at the adult stage. Practising 
selection at the adult stage has the disadvantage of 
being both space- and labour-intensive. Propagation from 
adult clumps also results in decrease in the vegetative 
growth phase and total yield. Great diversity in vigour, 
growth habit and ultimate stature of bamboo seedlings 
is reported Folding of the first leaf towards the left 
or right has been found to occur nearly in the same 
proportion in the seedlings and is suggested as a marker 
for faster growth (left-handed seedlings are fast 
growers)'^^. Identifying additional markers, at the seedling 
stage, for faster growth and increased biomass production 
would be highly beneficial. In B. arundinacea, D. strictus 
and other species in which seed availability is not a 
serious problem, seedling selection prior to micropropaga¬ 
tion is in practice. Modern methods of molecular biology 
would also be helpful in this"^^’"^^. Selective multiplication 
of better seedlings by appropriate methods and use in 
plantations would result in considerable increase in 
bamboo production. Since bamboos grow for many years 
before flowering, seeding and dying, the benefit of one 
round of selection can be reaped for many years. Depend¬ 
ing upon the species, it would be after many years 
(3-120 years) that flowering and seeding result in segrega¬ 
tion of alleles (contributing to superior traits) and their 
reassortment, necessitating a fresh round of selection. 

Possible advantages of somatic embryogenesis 

Resetting of the internal calendar takes place after sexual 
reproduction (seeding). Rejuvenation by embryogenesis 
may be resulting in resetting of the internal clock. If 
a similar resetting takes place in rejuvenation by somatic 
embryogenesis, it would be of immense value in bam- 
boos^^’^^ Standardization of methods for somatic 
embryogenesis from mature explants would help in 
rapid, large-scale propagation of high-yielding ‘plus’ 
trees, possibly without any loss of vegetative growth 
phase. 

In vitro induction of flowering 

There are three reports on in vitro induction of flowering 
in bamboos^^"^^ two dealing with induction of flowering 
in seedling coleoptile and node explants (in the former 
seeding is also reported) and one on observation of 
flowers in cultures derived from compact callus with 
embryos. So far, in vitro induction of flowering has 
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been obtained in four species, B. arundinacea, D. bran- 
disii, D. hamiltonii and D. strictus. 

There are some striking similarities: (i) use of 
seed/seedling (juvenile tissue) as the starting material 
and (ii) use of BA/BAP (benzyl adenine/6-benzyl 
aminopurine) - a cytokinin. 

Since flowering can now be obtained by in vitro 
methods in a few months, the question is: Of what use 
is it? The immediate answer is that in vitro induction 
of flowering is useful in perennial seed production and 
in hybridizations (Figure 5). 

Another pertinent question is: What are the problems 
and prospects of using in vitro induction of flowering 
for perennial seed production and hybridizations? Firstly, 
flowering in vitro so far could be obtained only in 
seedling explants. This definitely is a serious limitation 
in the face of availability of seeds only at long intervals 
and their short viability. If flowering can be induced 
in mature explants by tissue culture methods, it will 
have tremendous application. Is the determination to 
grow for a species-specific supra-annual interval before 
flowering and seeding absent at the juvenile phase? 
(probably it sets in only after a certain period of growth). 
It is interesting to note that thornyness, a character of 
mature clumps of B. arundinacea, is expressed only at 
the age of 2-3 years or more. 

Secondly, what precisely is (are) the factor(s) respon¬ 
sible for induction of flowering in vitrol Is it the 
cytokinin? Is it (are they) factor(s) specific to the 
medium? Is it a physical factor? Or, is it a combination 
of all these? This is a very complex problem. Is (are) 
the factor(s) effective in vivo (in field-grown plants)? 

Thirdly, what are the factors controlling seeding under 
in vitro conditions? The conditions essential for seeding 
are: (i) production of viable gametes, (ii) pollination, 
(iii) fertilization and (iv) proper development of embryo 
and endosperm. It is observed that only around one-third 
of the pollen grains in in vitro developed florets are 
fertile, and there are wide variations among cultures (of 
the same species). Refinement of the culture conditions 
(chemical and physical) is necessary for increasing 
gamete viability. In nature, bamboos are wind-pollinated, 
and wind is necessary for pollination. In in vitro cultures 
a micro air current is generated inside the shake flasks, 
which assists pollination. In static cultures the chances 
of seed production are much less. In B. arundinacea 
androecium and gynoecium mature at the same time. 
But they remain at two different planes. Species of 
Dendrocalamus exhibit dichogamy (protogyny)^^. It is 
observed that the stigmas remain fresh for longer periods 
under in vitro conditions (possibly because of near 
saturation of humidity), rendering dichogamy practically 
ineffective. Once pollination takes place, the factor af¬ 
fecting fertilization is the presence/absence of self-in- 
compatibility. In B. arundinacea experimental studies 
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have shown that there is no self-incompatibility^®’ 
Self-incompatibility (when encountered) can be overcome 
by culturing more seedlings in the same culture vesseP^. 

Two serious impediments to seeding under in vitro 
conditions axe a reduction in the number of florets 
maturing at the same time and a loss of synchrony in 
the timing of anthesis (exertion of androecium/ 
gynoecium). Being a passive mode of pollination, in 


wind-pollinated plants it is essential that many flowers 
mature at the same time and anthesis (exertion of 
androecium/gynoecium) takes place nearly at the same 
time. In nature, flower opening is synchronized by a 
combination of three stimuli: a gradual increase in light 
intensity and atmospheric temperature, and a gradual 
decrease in relative humidity (as the sun rises). These 
stimuli are absent under in vitro conditions, where the 



Figure 5. a. In vitro induced flowering in Bambusa arundinacea; b, close-up of a spikelet from a\ c, one spikelet developed in vitr(> in 
Dendrocalamus strictus; d, an inflorescence culture courtesy Mr Varsha Parasharami, NCL, Pune); e, pollen from in vitro developed 
anthers of Bambusa arundinacea (stained with acetocarmine); /, an enlarged view of a stigma from in vitro developed floret of Bambusa 
arundinacea (note pollen grains). 
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cultures are maintained in an ambient of constant light 
intensity and temperature, and humidity is always near 
saturation. Changes in light intensity are sudden (due 
to switching on/off of the fluorescent lamps). Exposing 
the cultures to daylight and room temperature conditions 
and reducing humidity in culture vessels are being tried. 
After successful fertilization, seed development may not 
pose serious problems. Wherever difficulties are en¬ 
countered, embryo rescue may be helpful. 

Conclusions 

The importance of bamboos as a structural raw material 
to most of mankind cannot be overemphasized^’ 
Throughout the long history of their use by Oriental 
civilizations, bamboos have never been improved by 
selective breeding^®, because of the long generation times 
characteristic of most of them. Methods for in vitro 
induction of flowering in bamboos, which otherwise 
takes many years to flower, has opened up endless 
possibilitiesIt is necessary to look at the vast 
potential offered by bamboos, both for economic gains 
and for scientific exploration as a whole. There are 
many avenues open for increasing the production of 
bamboo raw material. Long-term storage of seeds, selec¬ 
tion at seedling stage, somatic embryogenesis from 
mature explants, cryopreservation of pollen and rhizome 
transplantation from flowering clumps have special sig¬ 
nificance in bamboo propagation and improvement. Ex¬ 
ploring these possibilities in bamboos should go side 
by side with efforts on applying modem technology for 
their improvement. 
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The structure of Raga music—^Part 1. Swam and Tala 

Raja Ramanna 


While there is general awareness of the deep cultural 
values of classical Karnatic music amongst the general 
public, there is a lack of appreciation of its theory and 
structure. It is the existence of structure which makes 
music classical, logical and a part of philosophy. All 
this gives it a permanence and scope for development 
and makes it survive through the ages. 

Though the structure of Raga music has had a long 
period of development and has been stabilized over the 
centuries (Appendix 1), recent developments in science 
and technology and the influence of other cultures have 
had an impact, which makes the study of structures 
essential for satisfactory performance, interpretation and 
appreciation. Political and economic developments have 
also changed the nature of the audience and music has 
become a people’s art. Gone are the days of Maharajas 
and Zamindars, who in the past supported the develop¬ 
ment of the arts in a profound way. Temple musical 
culture continues to help in the preservation of music, 
particularly in the great dance forms like Bharata 
Natyam. 

Classical Raga music is no longer the chamber music 
that it used to be, and to present classical music to 
large audiences, high-fidelity reproduction has become 
essential; this requires technologists who have a working 
knowledge of musical theory and structure. In the West, 
the interaction between musicians and technologists has 
been well established. In matters concerning instruments, 
recording, amplification and faithfulness of reproduction 
with respect to a given hall, the developments in physics, 
particularly by Helmholtz^ and the theory of materials 
of construction have played an important part. This has 
helped in refining the tastes of the public. In fact, many 
discriminating musicians refuse to perform in halls with 
bad acoustics or bad reproduction facilities. Modern 
electronics, especially compact discs, have demonstrated 
the meaning of faithful reproduction and will soon have 
an impact on Indian music. However, all this would 
not have been possible but for the close interaction of 
musical theory, physics, modern electronic technology, 
the acoustics of auditoria, etc. 

For this transformation to take place in India, not 
only musicians but also audiences and the technical 


Raja Ramanna is in the National Institute of Advanced Studies, Indian 
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*1 cent = ■J^O -^1 -^2 frequencies of 


notes comprising the interval. 


people must have the opportunity of acquiring a working 
knowledge of the structure of the music, firstly to 
understand it better, secondly to recognize frequency 
and rhythmic distortion and lastly to help in the develop¬ 
ment of new ideas. The need to understand the theory 
of ornamentation {Gamakas), which is a special dipien- 
sion of Karnatic music, requires a finely trained ear. 
Unfortunately, the improvisatory nature of ornamentation 
makes the writing of this aspect of music difficult, but 
it can be put on paper once the notation is properly 
correlated with actual performance. 

Swaras 

The Sama Veda, which is dated to earlier than 1500 
Bc, has the statement that a Raga has at most only 
seven Swaras or notes in an octave. In principle, an 
octave can be divided into any number of parts, but 
musical value of a Raga restricts these to a maximum 
of only seven out of altogether 22 intervals. In keyboard 
music, the total number of intervals is only 12. The 
frequency ratios of the Swaras (notes) play the most 
important part in the creation of a Raga or a scale. 
The only scale in which all the 12 notes of a scale 
are used is the chromatic scale in European music and 
it is used mostly for special effects. However, in the 
19th century, the use of a continuous change of the 
tonic in chromatic sequences in an extended piece of 
work, called chromatic harmony, has changed the nature 
of European music. Change is greatly encouraged in 
the West and the coming of electronic music with its 
immense possibilities has been used to the maximum 
extent. It has, however, raised the basic question as to 
what is the very nature of music. 

A short discussion on notation is required at this 
stage to make all this clear. We have three notations 
at our disposal (Table 1): (1) the European staff notation; 
(2) the Venkatamakhin notation; and (3) the method of 
giving subscript numbers to Swaras (notes) to indicate 
the frequency depression or enhancement. 

In European notation the sign 1, , called the ‘flat’, is 
used to denote a fixed depression in the frequency and 
the sign } , called the ‘sharp’, an enhancement. The 
corresponding words in Indian music are "Laghu' and 
^Tivra\ 

The staff notation used in European music during the 
last 400 years is based on equal temperament, i.e. the 
scale is divided into 12 equal parts where each of which 
is called a semitone, i.e. 100 cents*. 
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Table 1. Different types of notations and their frequency ratios 
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1. The set of notes is called a major scale if starting 
from the tonic (say C) the intervals are 

2 semitones, 2 semitones, 1 semitone, 2 semitones, 

CD DE EF FG 

2 semitones, 2 semitones, 1 semitone 

GA AB BC 

2. The set of notes is called a harmonic minor scale if 
the intervals from tonic are 

2 semitones, 1 semitone, 2 semitones, 2 semitones, 

CD DE^ E^F FG 

1 semitone, 3 semitones, 1 semitone 

GA^ A^B BC 

3. The set of notes is called a melodic minor scale if 
the intervals starting from the tonic in the 
ascending part of the scale are 

2 semitones, 1 semitone, 2 semitones, 2 semitones, 

CD DE^ E^F FG 

2 semitones, 2 semitones, 1 semitone 

GA AB BC 

and in the descending part are 
2 semitones, 2 semitones, 1 semitone, 2 semitones, 

CB^ B^A'’ A'-G GF 

2 semitones, 1 semitone, 2 semitones 

FE^ E^D DC 

The frequency ratios between the European scale and 
the Raga system are not in one-to-one correspondence 
but only roughly so. This is due to the differences in 
temperament. European scales have the advantage that 
a change of tonic, i.e. in Sruti, keeps the intervals of 
a scale unchanged and this is of great advantage in 
modulation (change of tonic as to be explained later), 
in tuning musical ensembles, orchestra, etc. Its disad¬ 
vantage is that it introduces some mistuning even in 
important intervals such as the tonic-to-dominant in¬ 
terval C—G (Sa—Pa). Staff notation, however, has the 
advantage that one can hear the music through the 
eyes if one is trained to do so. The great composer 
Beethoven wrote his later very complex works when 
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he was totally deaf, which indicates the possibilities of 
the staff notation. 

In the Venkatamakhin scheme, the octave is divided 
into 7 Swaras of different intervals in 72 different ways. 
The frequency ratios of the 22 Swaras as measured by 
Clements^ are also shown in Table 1. The 72 combina¬ 
tions are known as Melkarta Ragas or the basic Ragas 
from which other Ragas are derived. In all, several 
hundred Ragas can be recognized. Though some appear 
identical, they differ in the way they are played. 

The Venkatamakhin method of generating all the 
Melkarta Ragas is ingenious, in that there are always 
7 notes in both the ascending and the descending scale. 
Dividing the octave into 12 notes, the first four notes 
of a Raga, i.e. the lower tetrachord, are chosen between 
Swaras C (Sa) and F (Ma) and the subsequent notes 
for the upper tetrachord between G (Pa) and C' (Sa). 
We note that there is only one G (Pa) and two F (Ma)’s 
and (Mi). In a systematic manner, 36 Ragas are 
developed firstly with F (Ma) as the 4th note in the 
first tetrachord and are called Suddha Madhyama Ragas 
(Figure 1) and another 36 with (Mi) instead of F 
(Ma), called Prati Madhyama Ragas (Figure 2). The 
gaps are filled by the remaining notes subject to the 
constraints that the notes are in rising or falling order 
respectively, and not more than two semitones appear 
consecutively. Figure 2 gives all the possibilities and 
the names of each Melkarta Raga. Over and above this, 
the Ragas derived from each of the Melkarta Ragas 
are given in Figure 3. 

In the derived scales, there is some symmetry in the 
derivations. For example: (a) the number of identical 
Swaras for the ascending and descending parts of a 
Raga is different for different Melkarta Ragas. (b) For 
the 8th Melkarta Raga, the identifying Swara is the 
second note, i.e. D^(Ri) and it is invariably present, 
and if not in the ascending scale, it is in the descending 
scale, (c) In the Melkarta Raga, many a missing 3rd 
implies a missing 7th, probably due to the close relation 
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with names and triads describing the meia ragas 
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CHAKRA NO.3 


M31 SI. No.13 M41 SLNo.14 M 51 SI. No. 15 M61 Sl.No.16M71 SI.No.l7 MSI SI. No. 18 

GAYAKAPRIYA VAKULABHARA MAYAMALAVA CAKRAVAKAM SURYAKANTAM HATAKAMBARI 

NAM GAULA 



M91 SI.No.19 M02 SI. No.20 M 12 SI. No.21 M 22 SI. No.22 M32 SI. No.23 M42 SI. No.24 

JHANKARA NARABHAIRAVI KEERAVANI KARAHARA GAURl VARUNAPRIYA 

CHAKRA NO. 4 DHVANl PRIYA MANOHARI 






M52 Sl.No.25 M 62 SI. No.26 M 72 SI. No.27 M82 SI. No.28 M92 SI. No.29 M03 SI. No.30 
r-uAi/tDA c MAARARANJANI CARUKESI SARASANGI HARIKAMBHOJI DHEERA SHAN- NAGANANDINI 

CHAKRA NO. 5 KARABHARANA 




M 13 SI.No.31 M23 SI. No.32 M33 Sl.No.33M43 SI.No.34M53 Sl.No.35M63 SI. No.36 

/-uAi^nA o YAGAPRIYA RAGAVARDHANI GANGEYA- VAGADISWARI SULINl CALANATA 

CHAKRA NO. 6 BHUSHANI 



Figure 1. 36 Melkarta Ragas {Shudda Madhyama) with names and triads describing the Mela Ragas. 


to the interval of the 5th. It is, perhaps, for these 
reasons, even listeners not necessarily trained in music 
can differentiate between Ragas in almost an instant. 

Change of Raga with tonic shift 

The change of tonic in a piece of Karnatic music is 
strictly forbidden. This has, perhaps, come about due 
to the fact that any change of tonic requires a retuning 
of all the notes in a non-even temperament system. If 
this can be overcome by computer devices, Karnatic 
music can have the advantage of tonic modulation where 
a raga can be heard with a different tonic. This may 
break monotony and add freshness to music. 


A change of tonic in consecutive steps of a Raga also 
gives rise to other Ragas and these form a family. However, 
a great many of the combination of notes produced in 
this way are sterile and do not lead to new Ragas as 
they will not all conform to the rules of Raga structure. 

The following analysis gives a method of determining 
other valid Ragas by means of a tonic change. 

The set of Ragas arising from a change of Sruti show 
the interplay between the Suddha Madhyama Ragas 
(SMR) and the Prati Madhyama Ragas (PMR) though 
at first sight they seem very different. 

To determine which of the SMRs can be converted 
by a Sruti change to either PMR or another SMR, the 
following mathematical scheme is developed. 
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36 MELKAnTARAGAS(PRATI MADHYAMA) 
with names and triads describing the mela ragas 




CHAKRA NO. 7 


M73 SI. No.37 M83 SI.No.38 M93 SI. No.39 M04 SI.. No.40 M 14 SI. No.41 M 24 SI. No.42 
SALAGAM JALARNAVAM JAUVARALI NAVANEETAM PAAVANI RAGHUPRIYA 



M34 Sl.No.43 M44 SI. No.44 M54 SI.No.45 M 64 SI. No.46 M74 SI. No.47 M84 SI. No.48 

CHAKRA NO 8 GAVAMBHODHI BHAVAPRIYA SUBHAPANTU SHADVIDHA SUVARNANGI DIVYAMANI 

VARALl MARGINI (JEEVANTIKA) 



_ . M94 SI.No.49 M05 SI. No.50 M15 SI.No.51 M 25 SI. No.52 M 35 SI. No.53 M45 SI. No.54 

CHAKRA NO. 9 DHAVALAMBARI NAAMANARAYANI KAMAVARDHANI RAMAPRIYA GAMANASRAMA VISWAMBARI 

(VAMSAVATI) 



MSS SI.No.55 M65 SI. No.56 M75 SI.No.57 MSS SI. No.58 M 95 SI. No.59 M 06 SI. No. 60 

CHAKRA NO. 10 SHYAMALANGI SHANMUKHA SIMHENDRA HEMAVATI DHARMAVATI NEETHIMATI 

(SHYAMALA) PRIYA MADHYAMA 



M16 SI.No.61 M26 SI. No.62 M36 SI.No.63 M46 SI. No.64 M 56 SI. No.65 M 66 SI. No.66 
CHAKRA NO 11 KANTAMANI RiSHABHAPRIYA LATANGl VACASPATI MECAKALYANI CITRAMBARI 

NU. n /nATI IRANOlNlh 



M76 SI.No.67 M86 SI. No.68 M96 SI. No.69 M 07 SI. No.70 M 17 SI. No.71 M 27 SI. No.72 

CHAKRA NO. 12 SUCHARITRA JYOTISWARUPINI DHATU* NASIKA- KOSALAM RASIKAPRIYA 

(JYOTIRAGA) VARDHAN! BHUSHANI 



Figure 2. 36 Melkarta Ragas {Prati Madhyama) with names and triads describing the Mela Ragas. 


Let Sp S 3 , S 4 , S 5 , Sg, and S.^ be a sequence of 
musical intervals forming a Melkarta Raga, i.e. it has 
in all 12 semitones. For a SMR, the following con¬ 
ditions hold: 

Sj + S 2 +'S 3 = 5, 85 + 8 ^ + 87 = 5, and S, = 2. (1) 

Here the sum 5 refers to the total number of semitones 
in the two tetrachords and 2 to the interval between 
the subdominant and the dominant in a SMR. 

Case 1 


intervals is shifted cyclically to the second (II) position. 
The sequence now becomes 8 ^, S 3 , S^, 85 , 8 ^, 8 ^, 8 ^ If 
this has to be a PMR, the following conditions have 
also to be satisfied: 


S 3 + S 3 + S 4 = 6 , S^ + S^ + Sj = 5 , and 85 = 1 . ( 2 ) 

The interval S 5 is just one semitone in the PMR as it 
corresponds to the interval F* to G. Combining (1) and 
( 2 ), we have 


Let there be a tonic shift such that the sequence of 83 + 83 = 4, and S^ + S^ = 4. 


( 2 a) 
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8.0 HANUMA TODI 
MELAKARTA RAgA 







15.1 ARDRADESI 
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8.1AMRUTA DHANYASI 


J J ._„„|f 




Sa Ra Gi Ma Pa - Ni Sa Sa Ni - Pa Ma Gi Ra 


8.2 ASAVERI 













—r— 






§ 



8.3 DESYA TODI 


15.2 BHAULI 




5 Sa Ra Gu Pa Dha- Sa Sa Nu Dha Pa - Gu Ra Sa 

15..3 GAULA 








Sa Ra - Ma Pa Nu - Sa Sa Nu - Pa Ma RaGu Ma Ra Sa 


15.4 GAULIPANTHU 






Sa Ra - Ma Pa - Nu Sa Sa Nu Dha Pa Ma Pa Dha Ma Gu Ra Sa 


15.5 GAURI 


'Tf 


3 

-■LJu 





8.4 DHANYASI 



p— 

pzz 

—m ■ 

i-in^ 

t=: 

p— 

rzz: 


i#=±L. 



^ ^ T r 
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15.6GURJAR1 




12 Sa Ra Gu Ma Pa Dha Nu Sa Sa Dha Nu Pa Ma Gu Ra Sa 

15.7 GUMMAKAMBHOJI 




8.5 GHANTA 


$ 








Sa Gi Ra GI Ma Pa Dha Ni Sa Sa Ni Dha Pa Ma Gi Ra Sa 


8.6 MEGHARANJINI 


j-u * ^ f r M 

Sa Ra GI Ma - - Ni Sa Sa Ni 


8.7 PUNNAGAVARALI 




- . . j" 


Sa Ra Gu - Pa Dha Nu Dha Sa Sa Dha Nu Pa Ma Gu Ra Sa 


15.8 GUNDAKRIYA 




iJ' j ^' r^'. 




Sa Ra - Ma Pa •• Nu Sa Sa Nu Pa Dha Pa M.i Gu Ra Sa 


15.9 JAGANMOHINI 


p 1 ^ j f j j j f r f ^ 

8® Sa . ^ - Gu Ma Pa - Nu Sa Sa Nu * Pa 


15.10 KANNADA BANGALA 


Sa Ra Gu Ma Gu Ma Pa Dha - Sa Sa - Dha Pa Ma Gu Ra Sa 


15 Ni Sa Ra Gi Ma Pa Dha Ni Ni Dha Pa Ma Gi Ra Sa Ni 15.11 KRISHNA VENl 


I ij j j 


8.8 SUDDHA SIMANTINI 


23 


Sa Ra Gu Ma Pa - Nu Sa Sa Nu - Pa Ma Gu lUi Sa 


m 






15.12 MAUHARl 


■jy Sa Ra Gi Ma Pa Dhi - Sa Sa - Dha Pa Ma Gi Ra S.'^ 


15.0 mAyAmAlava gouu 
MELKARTA RAGA 




25 


i U . 


J 


Sa Ra - Ma Pa Dha - Sa Sa - Dha Pa Ma Gu Ra Sa 






r r I r r 


Sa Ra Gu Ma Pa Dha Nu Sa Sa Nu Dha Pa Ma Gu Ra Sa 


Figure 3. {Contd) 
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15.13 MALLIKA VASANT 


m 


20.0 NATABHAIRAVl 
MELKARTA RAGA 


J J J j j 


27 Sa - Gu Ma Pa - Nu Sa Sa Nu Dha Pa Ma C.u Ra Sa 

15.14 MECHABHAULI 


SaRiGIMaPaDhaNISa SaNIDhaPaMaGiRISa 
20.1 AMRITHA VAHINI 




29 Sa Ra Gu - Pa Dha - Sa Sa Nu Dha Pa Ma Gu Fla Sa 

15.15 NADA NAMA KRIYA 




20.2 BHAIRAVI 


I .JtJ J J J 

Ra fill Ma Pa Dha Wii - . Mn Hha Do aAo n,. I3-. c-, ki.. 


3 -, Sa RaGu Ma Pa Dha Nu - - Nu Dha Pa Ma Gu Ra Sa Nu 

15.16 PADI 


5 Sa Ri Gi Ma Pa Dhi Ni Sa Sa Ni Dha Pa Ma Gi Ri Sa 
20.3 DILIPAKAM 


15.17 PARAJU (FARAZ) 


7 Sa Ri Gi Ri Ma Pa Ni Dhi Ni Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 

20.4 GOPIKA VASANTAM 


Sa - Gu Ma Pa Dha Nu Sa Sa Nu Dha Pa Ma Gu Ra Sa 


15.18 PURVI 


37 Sa RaGu Ma Pa Dha Nu Dha Sa Sa Nu - Pa Ma Gu Ra Sa 
15.19 REVAGUPTI 




G\ -I" S 


9 Sa Ma Pa Ni Dhi Ni Sa Sa Ni Dha Pa Ma Gi Sa 

20.5 HtNDOLAM 








11 Sa Ma Gi Ma Dhi Ni Sa Sa Ni Dhi Ma Gi Sa 
20.6 JAYANTHASRI 




39 Sa RaGu - Pa Dha - Sa Sa - Dha Pa - Gu Ra Sa 
15.20 SARANGANATA 


20.7 JINGU 


41 Sa Ra - Ma Pa Dha - Sa Sa Nu SaDha Pa Ma Gu fla Sa 
15.21 SAVERI 




=• 


Sa Ra - Ma Pa Dha Sa Sa Nu Dha Pa Ma Gu Ha Sa 

15.22 SINDHURAMAKRIYA 



15 Sa Ri Gi Ma Pa Dha Nu Dha Pa Sa Sa Ni Dha Pa Ma Gi Ri Sa 

20.8 MANJI 


17 Sa Ri Gi Ma Pa Dha Ni Sa Sa Ni Dha Pa Ma Gi Ri Sa 

20.9 MARGAHINDOLA 


19 Sa Ri Gi Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Sa 
20.10 SARAMATI 


15.24 BHUPALAM 


21 Sa Ri GI Ma Pa Dha Ni Sa Sa Ni Dha Ma Gi Sa 


20.11 SUDDHA DESI 
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23 Sa Ri - Ma Pa Dha Ni Sa Sa Ni Dha Pa Ma Gi Ri Sa 
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22.0 KHARAHARA PRIYA 
MELKARTA RAGA. 



Sa Ri Gi Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 


22.12 JAYANARAYANI 


Sa Ri - Ma - Dhi - Sa Sa Ni Dhi Pa Ma Gi Ri Sa 


22.1 ABHOGl 


22.13 JAYANTASENA 


3 Sa Ri Gi Ma - Dhi - Sa Sa - Dhi - MaGi Ri 


Sa - Gi Ma Pa Dhi Sa Sa Ni Dhi Pa Ma Gi Sa 


22.2 ANANDA BHAIRAVI 


22.14 KALA.NIDHI 



5 Sa Gi Ri Gi Ma Pa Dhi Pa Sa Sa Ni Dhi Pa Ma Gi Ri Sa 29 Sa Ri Gi Ma SaPaMaDhi Ni Sa Sa Ni Dhi PaMa Gi Ri Sa 


22.3 ANDOLIKA 


7 Sa Ri - Ma Pa - Ni Sa Sa Ni Dhi - Ma - Ri Sa 


22.15 KANADA 



Sa Ri Pa Ma Ga Ma Dhi Ni Sa Sa Ni Pa Dhi Ni Pa Ma Gi Ma Ri Sa 


22.4 BRINDAVANA SARANGA 


9 Sa Ri - Ma Pa - Ni Sa Sa Ni - Pa Ma Gi Ri Sa 


22.16 KANNADA GAUU 



Sa Ri Ga Ma Pa - Ni Sa Sa Ni Dhi Pa MaGi - Sa 


22.5 CHITTARANJANl 


11 Sa Ri Gi Ma . Pa Dhi Ni • - Ni Dhi Pa Ma Ri Gi Ri Sa 


22.17 KAPIJINGLA 



35 Sa Ni Sa Ri Gi Ma Ma Ga Ri Sa Ni Dhi Ni Sa 


22.6 DARBAR 


13 Sa Ri - Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Ri Gi Ri 


22.18 KARNATAKA KAPI 



37 Sa Ri Gi Gi MaGi Pa Ma Pa Dhi Ni SaSa Ni Dhi Pa Ma Gi Ma Ri Sa 


22.7 DEVAMRITA VARSHINI 


22.19 MADHYAMA.VATl 


15 Sa Ri Gi Ma - Ni Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 


22.8 HfNDOU VASANTA 


Sa Ri - Ma Pa - Ni Sa Sa Ni - Pa Ma - Ri Sa 
22.20 MAALAVASRI 


^7 Sa Ra Gi Ma Dha Ni Sa Sa Ni Dha PaMa Gi Ra Sa 


Sa - Gi Ma Pa Ni Dhi Ni Sa Sa Ni Dhi Pa Ma Gi - Sa 


22.9 HINDUSTAN) - KAPI 


22.21 MAN) RANGU 


19 Sa Ri - Ma Pa - Ni Sa Sa Ni Dhi Ni Pa Ma Gi Ri Sa 


Sa Ri - Ma Pa - Ni Sa Sa Ni - Pa Ma Gi Ri Sa 


22.10 HUSENl 


22.22 MANJARl 


21 Sa Ri Gi Ma Pa Ni Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 


Sa Gi Ri G; Ma Pa Ni Dhi Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 


22.11 JAYAMANOHARl 


22.23 MANOHAR! 


Sa Ri Ga Ma - Dhi - Sa Sa Ni Dhi - MaGi Ri Sa 


Sa Gi Ri Gi Ma Pa Dhi - Sa Sa • Dh; .'^a Ma Gi Ri Sa 


Figure 3. {Contd.) 
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22.24 MUKHARI 


22.36 SIDDHASENA 



22.25 NADACHINTAMANI 


22.37 SRIRAGA 



22.26 NADAVARANGINI 


22.38 SRIRANJINI 
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Sa Ri Gi Ma - Dhi Ni Sa Sa Ni Dhi Ma Gi Ri Sa 

22.39 SUDDHA BANGALA 




55 Sa Ri - Ma Pa Dhi Ni Dhi Pa Sa Sa Ni Dhi Pa Ma Ri Ga Ri Sa 
22.28 PHALAMANJARI 






79 Sa Ri - Ma Pa Dhi - Sa Sa - Dhi Pa Ma Ri Gi Ri Sa 

22.40 SUDDHA DHANYASI 
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22.29 PANCHAMA 


31 Sa - Gi Ma Pa - Ni Sa Sa Ni -- Pa Ma Gi - Sa 

22.41 SVARA BHUSHANI 
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59 Sa Ri - Pa Dhi Pa - Ni Sa Sa Ni Dhi Pa Ma Gi Ri Sa 
22.30 PURNASHADJAM 


Sa - Gi Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma - Ri Sa 
22.42 UDAYA RAVI CHANDRIKA 



61 Sa Ri Gi Ma - - Ni Sa Sa Ni - Pa Ma Gi Ri Sa 
22.31 PUSHPALATIKA 

63 Sa Ri Gi Ma Pa Ni -- Sa Sa Ni - Pa Ma Gi Ri Sa 
22.32 RITIGAULA 
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Sa - Gi Ma Pa - Ni Sa Sa Ni - Pa Ma Gi - Sa 


28.0 HARIKAMBODHI 
MELAKARTA RAGA 
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Sa Ri Gu Ma Pa Dhi Ni Sa 
28.1 BAHUDARI 


Sa Ni Dhi Pa Ma Gu Ra Sa 


22.33 RUDRAPRIYA 

67 Sa Ri Gi Ma Pa Dhi Ni Sa Sa Ni - Pa Ma Gi Ri Sa 

22.34 SAINDHAVI 


3 Sa Gu - Ma Pa Dhi Ni Sa Sa Ni - Pa Ma Gu - Sa 

28.2 BALAHAMSA 
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69 Ni Dhi Ni Sa Ri Gi Ma Pa Dhi Ni Dhi Pa Ma Gi Ri Sa Ni Dhi Ni Sa 
22.35 SAUGA BHAIRAVI 



71 Sa Ri - Ma Pa Dhi - Sa Sa Ni Dhi Pa Ma Gi Ri Sa 
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5 Sa Ri - Ma Pa Dhi - Sa Sa Ni Dhi Pa Ma Ri Ma Gu - Sa 
28.3 CHAYATARANGINI 


7 Sa Ri Ma Gu Ma Pa Ni Sa Sa Ni Dhi Pa Ma Ri Ma Gu - Sa 

28.4 DVIJAVANTHI 


9 Sa Ri Ma Gu Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gu Ri Gu - Sa 

Figure 3. (Contd.) 
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28.5 ISAMANOHARI 


28.17 NAGASWARAVALI 



28.6 JHUNJOOTt 


28.18 NArAYANA GAULA 



13 Dhi Sa Fti Gu Ma Pa Dhi Ni - - - Dhi Pa Ma Gu Ri Sa Ni DN Pa^ 
28.7 JUJAHULI 
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37 Sa Ri - Ma Pa - Ni Dhi Ni Sa Sa Ni Dhi Pa Ma Gu Ri Gu Ri Sa 

28.19 NArAYANI 



28.8 KAMBODHI 
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17 Sa RI Gu Ma Pa Dhi - Sa ' Sa Ni Dhi Pa Ma Gu Ri Sa 

28.9 KAPI NArAYANI 
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19 Sa Ri - Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gu Ri Gu Ri Sa 
28.10 KARNATAKA BEHAG 






42 Sa Ri - Ma Pa - - Sa Ni Sa Sa Ni Ni Dhi Pa Ma Gu Ri Sa 
28.22 N.AVARASA KANNADA 



28.11 KEDARAGAUU 
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23 Sa Ri - Ma Pa - Ni Sa Sa Ni Dhi Pa Ma Gu Ri Sa 
28.12 KHAMAS 






47 Sa Ri - Ma Pa • • Sa Sa • - Dhi Pa Ma Gu Ri Sa 

28.24 PRAVALAJYOTHI 






25 Sa Ma Gu Ma Pa Dhi Ni Sa Sa Ni Dhi Pa Ma Gu - Sa 
28.13 KOKILADHVANI 
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Sa Ri Gu Ma Pa Ma Dhi Ni Sa Sa Ni Dhi Pa Ma Gu Ri Sa 
28.28 SAMA 



Sa Ri - Ma Pa Dhi - Sa Sa - Dhi Pa Ma Gu Ri Sa 


Figure 3. (Contd.) 
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28.29 SARASVATI MANOHARI 


Sa Ri Gu Ma - Dhi - Sa Sa - Dhi Ni - Pa Ma Gu Ri Sa 


3 Sa Ri - Ma Pa Dhi - Sa Sa Nu Dhi Pa Ma Gu Ri Sa 


28.30 SINDHU KANNADA 


29.2 ATANA 


Sa - Ma Gu Ma Ri Gu Ma Pa Dhi Pa Sa Sa Ni Dhi Pa Ma Gu Ri Sa 
28,31 SUDHA TARANGINI 


5 Sa Ri - Ma Pa - Nu Sa Sa Nu Dhi Pa Ma Pa Gu Ma Ri Sa 


Sa Ri - Ma Ri Ma Pa Dhi Ni Dhi Sa Sa Ni Dhi Pa Ma Gu Ri Sa 


29.3 BANGALA 


28.32 SUPOSHINI 


7 SaRi GuMa Pa Sa Sa Ni - Pa Ma Ri Gu Ri Sa 


Sa Ri Sa - - Ma Pa Ni Dhi Sa Sa Dhi Ni Pa Ma - Ri Ma - Sa 


Sa Ri - Ma Pa - Ni Sa Sa Ni Dhi Pa Ma Gu Pa Ma Ri Sa 


28.34 SVARAVAL! 


29.4 BEGADA 


9 Sa Gu Ri Gu Ma Pa Dhi Pa - - Sa Sa Nu Dhi Pa Ma Gu Ri S 


11 Sa - Ri Ma Pa Nu Dhi Nu Sa Sa Nu Dhi Pa Ma Gu Ri Sa 


Sa - • Ma Gu Ma Pa Ni Dhi Ni Sa Sa Ni Pa Dhi Ma Gu Ri Sa 
28.35 VARAVEDI 


29.6 BILAHARI 


—H 13 Sa Ri Gu - Pa Dhi - Sa Sa Nu Dhi Pa Ma Gu Ri ' Sa 


Sa - Ma Gu Ma Pa Ni Dhi Ni Sa Sa Dhi Ni Dhi Ni Pa Ma Gu 
28.36 UMABHARANAM 


29.7 DESAKSHi 


Sa Ri Gu Ma Pa Dhi Ni Sa Sa Ni - Pa Ma Ri Gu Ma Ri Sa 


15 SaMaGu “ Pa Dhi-Sa Sa Nu Dhi Pa Ma - Ri Sa 


28.37 VALAJl 


29.8 DEVAGANDHARI 


Sa - Gu - Pa Dhi Ni Sa Sa Ni Dhi Pa - Gu - Ri 


17 Sa Ri - Ma Pa Dhi - Sa Sa Nu Dhi Pa Ma Gu Ri Sa 


28.38 VIVARDHINl 


Sa Ri - Ma Pa - * Sa Sa Ni Dhi Pa Ma Gu Ri Sa 


28.39 YADUKULAKAMBODHI 


29.9 GARUDADHVANl 


19 Sa Ri Gu Ma Pa Dhi Nu Sa Sa - Dhi Pa - Gu Ri Sa 


29.10 HAMSADHVAN! 


Sa Ri - Ma Pa Dhi - Sa 


Sa Ni Dhi Pa Ma Gu Ri 


29.0 DHEERA SANKARA BHARANA 
MELAKARTA rAga 


Sa RI Gu Ma Pa ON Nu Sa Sa Nu Dhi Pa Ma 


21 Sa Ri Gu - Pa • Nu Sa Sa Nu - Pa - Gu Ri Sa 


29.11 HINDUSTANI BEHAG 


23 Sa - Gu Ma Pa Nu Dhi Nu Sa Sa Nu Dhi Nu Pa Ma Gu Ri Sa 


Figure 3. ( Contd.) 


CURRENT SCIENCE VOL. 68, NO. 9,10 MAY 1995 


























GENERAL ARTICLES 



Sa Ri Gu Ma PaDhiPaNu Sa Sa Dhi Pa Ma Ri Sa 


37 Sa - Ri Ma Pa Nu Dhi Pa Nu Sa Sa Nu Dhi Pa Ma, Gu Ri Sa 


29.13 KANNADA 


Sa Ma Gu Ma Dhi Nu Sa Sa Dhi Pa Ma Gu Ma Ri Sa 


29.19 MAND 





39 Sa - Gu Ma Pa Dhi - Sa Sa Nu Dhi Pa Ma Gu Ri Sa 


29.14 KADANA KUTUHALAM 




29 Sa Ri - Ma * Dhi Nu Gu Pa Sa Sa Ni Dhi Pa Ma Gu Ri Sa 


29.20 NAVROJ 




Pa Dhi Nu Sa Ri Ga Ma Pa.Ma Gu Ri Sa Nu Dhi Pa 




29.15 KEDARAM 


m 


w 


31 Sa - Ma Gu Ma Pa Nu - Sa Sa Nu - Pa Ma Gu Ri Sa 


29.21 NILAMBARI 


i r-rr^JUi 


43 Sa Ri Gu Ma Pa Dhi Pa Nu Sa Sa Nu Pa Ma Gu Ri Gu Sa 


29.16 KOLAHALAM 


29-22 PURNA CHANDRIKA 



29.17 KURANJl 


29.23 SINDHU MANDARI 



Figure 3. Commonly used Melkarta Ragas (nos. 8, 15, 20, 22, 28 and 29) and their derivatives. The symbol ‘J ’ used here is to represent 
a missing note from the Mela Raga and is not a time measure. The symbol above the notes of the Melkarta ragas refer to the Gamakas 
given in Appendix II. 


Case 2 

If the tonic is shifted to the third place (HI), the 
sequence now starts with S 3 and 

83 + 84 + 85 = 6 , 87 + 81 + 83 = 5, and = 1. (3) 

From (1) and (3) we have, 

S 5 + S 7 = 4, and S 3 + S 5 = 4. (3a) 

Case 3 

In a similar manner, for a tonic shift to the fourth place 
(IV), we have 

85 + 85 = 4 , 1 + 03+83 = 5 . (4) 

This case gives the largest number of possibilities as 
the first condition in (4) repeats itself and we have to 
depend only on condition ( 1 ). 


Case 4 

If the tonic is shifted to the fifth place (V), the condition 
becomes inconsistent in that S 5 + + 8 ^ has to become 

both 5 and 6 , which means that no PMRs are possible 
from a tonic transfer to the dominant. 

Case 5 

For the tonic transfer to the sixth place (VI), the 
following conditions are required for transfer of a SMR 
to PMR: 

83 + 85 = 3 , 81 + 83 = 4 . ( 6 ) 

Case 6 

For a tonic transfer to the seventh place (VII), the 
conditions are: 

81 + 82 = 4 , 85 + 85 = 3 . (7) 
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1. On the X axis are given all the SuJdha Madhyama Ragas with their serial numbers and names. 

a tone bv 1 t below the Raga to represent the intervals between the notes of the Raga. A semitone is represented by 1, 

a tone b\ I, a tone by II, a tone + semitone by III and two tones by IV. 

Ill ' VIII T ^ change, the new tonic is shown by Roman numerals, where the two Ragas coincide. II, 

m, ... VI II correspond to the 2nd, 3rd, etc., notes of the Raga. 

are 1312311. A tonic change 

5. sLn.e"i:m ^ ">ald„g the 3rd interval of li as the first. 


6. Those sequences which have both F and f'', Ma and Mi are forbidden. 
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The resulting sequences of the intervals from the above 
conditions for SMR to PMR are given in Table 2, and 
Table 3 gives the possible transfers from SMR to other 
SMRs. 


Rhythm, Tala 

Rhythm constitutes one of the important aspects of 
Karnatic music, if not of all Indian music. Bharata's 


Table 3. Murchana Kanika Ra^cis. Ra^as produced by tonic shift of Suddha Mtidhyama Riijiias to other Suddlw Madhynma Ra^as 
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Notes: 

1. Items (1) to (4) are as in Table 2 except that one reads Suddha Madiryama Ragas wherever Prati Madhyama Ragas are mentioned. 

2. Sterile column Ragas are marked ‘O’ and those which do not produce Suddha Madhyama Ragas but produce only Prati Madhyama Ragas 
are marked ‘0’. 
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Natya Shastra states that all song word and dance is 
derived by Tala. The rules are clearly laid out and 
there is wide scope for interesting combinations of 
various sorts. Indian rhythmic notation is based on seven 
patterns, the Sapta-Tala system (Table 4). U, called 
Anudruta, stands for one unit of time and could be a 
quaver or semiquaver depending upon the tempo of the 
work. In the above table, the unit of time in staff 
notation is a quaver and I stands for 4 quavers. 

O, called Druta, stands for 2 units of time. 

I, called Laghu in general, stands for 3, 4, 5, 7, 9, 
etc., units of time and is written as I 3 , I 5 , I^, etc., 
respectively. The units 6 and 8 are described by their 
smaller multiples. 

In staff notation, the unit of time is denoted by the 
symbol O, called the semibreve. The semibreve can be 
broken rhythmically into equal beats of shorter durations, 
as shown in Figure 4. 





Figure 4. The semibreve = 2 minims = 4 crochets = 8 quavers = 16 
semiquavers, etc. 


In European music, rhythm is indicated by two numbers 
immediately at the beginning of a work, e.g. 

\ means 4 crochets in a bar, 

4 

g means 6 quavers in a bar, and 
8 

means 8 semiquavers in a bar, etc. 


The top number refers to the units of time in a bar 
and the bottom one refers to the type of unit. The 
minim is given the number 2, the crochet 4, the quaver 
8 and the semiquaver 16. These numbers correspond to 
the number of such units equal to a semibreve. 

Table 4. The seven patterns of rhythm {Tala) 


Tala Symbols 


1 . 

Dhruva 

I4OI4I4 

2 . 

Mathya 

I4OI4 

3. 

Roopaka 

014 

4. 

Jhampe 

I4U0 

5. 

Triputa 

I4O0 

6 . 

Ata 

I 4 I 4 O 0 

7. 

Eka 

I4 



A musical work is usually divided into bars {Avarta), 
each bar being a measure of time with a fixed number 
of smaller units of time. Only in Alapanas, bars are 
not required as they are often improvization on a Raga, 
without rhythm. 

While these indications give the number of units in 
the bar, they give no idea of the accents within the 
bar. The accents within the bar play an important role 
in Indian music, since it has developed from the chanting 
of the Vedas and it is thus closely related to the prosody 
of various Indian languages, particularly Sanskrit. These 
accents form the most important aspect of Tala. 

If we associate a quaver with an Anudruta, it follows 
that the Laghus, as shown in Figure 5. 



triple group 
quadruple group 



Trisra Jati 
Chaturasra Jati 
Khanda Jati 
Misra Jati 
Sankima Jati 


A piece of music is said to be in Chaturasra Jati 
(quadruple time) and Dhruva Tala if the number of 
notes in a bar is 4 + 2+ 4 + 4 = 14, i.e. 


Laghu 1 Dhruta 1 Laghu 1 Laghu 1 
written as I^ 0 I 4 

In staff notation on a monotone, it is equivalent to 
that shown in Figure 6 . 


> 


> 


> 



Figure 6. 

This Tala, as an exercise on the Raga Mayamalava- 
goula, takes the form shown in Figure 7. 



Figure 7. 


Mayamalavagoula Raga is usually chosen for such 
exercises as the sequence of notes are adjacent semitones 
and come easily on the frets of a Veena. 

In principle, the different Laghus can be broken up 
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Figure 8. 
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(4b) 
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into different unit components as long as the accents are 
maintained in the same place, as shown in Figure 8 . The 
mark ‘>’ means that the note is accented. The flexibility 
of the rhythms depends mainly on these accents and 
the seven Talas are sufficient to encompass a wide 
range of possible rhythms. The choice of the seven 
combinations is due to Purandaradasa (1484-1564), who 
is called the father of Karnatic music. He standardized 
the basic rhythmic requirements into just these seven 
schemes. There are many other schemes involving a 
larger grouping of Laghus but these classifications do 
not find a place in our introductory exposition. That 
the Sapta-Tala scheme covers most of the requirements 
of accents is evident from the following, 

A 3-beat rhythm can have any one of the 3 modes 
of accents (Figure 9). In the Sapta-Tala system, (1) is 
available as Eka Tala Trisra Jati and (2) is available 
as Rupaka Tala Chaturasra Jati, as U 0 (in crochets), 
and (3) is not indistinguishable from ( 2 ) in a running 
piece of music. 


UOO 0 OU ouo 

>>> > > > > 
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zd 

— ^-j 

3 
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3 
_1 

_ 



E 
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(5b) 

—j 

ZZl 

_,^1 qj 

s 

na 






U U Ij, U I 3 U I3 u u 

Figure 10. . 



[4 . I 3 fs u U [4 o u 


> > > 

I 3 o 0 

Figure 11. 


(1) (2) (3) 


> > > > > 

I3 . U 0 0 u 

Figure 9. 

A 5-beat rhythm can have one of the 10 modes shown 
in Figure 10. Modes (4a) to (5c) are found in Tala 
collections. It is seen that the commonly used Talas 
are in the Sapta-Tala and the 108 enumeration has only 
one addition and perhaps is not much used. The bigger 
compilation only completes the list. 

In the 7-beat rhythm, the possibilities after excluding 
Talas of more than 4 accents, as it would be unmusical 
to have a large number of accents, are 19 in number, 
of which many are merely inversions. Only 7 of these 
appear as separate (Figure 11). 

Of these, the Sapta-Tala system accounts for 1, 3, 6 
and 7. The lOS-Ta/a system has nothing basically new 
to add. The compilation of all Talas by Sundaram^ 
includes the rest. The lOS-Ta/a system is of great 


significance, as it is closely connected with the art of 
classical dmcc-Bharata Natyam. Usually the Talas are 
classified as (a) the tailing ones, (b) the spreading ones 
like a river, (c) the number of units decreasing and 
then increasing or vice versa like the shape of 

Dhamaruga, the drum of Shiva or a Tabala, respectively, 
and (d) as a random set. Some examples of (a), (b), 
(c) and (d) are as follows: 

(a) I„ I, I, O U 

(b) U O I 3 

Combinations of (a) and (b) are also possible: 

(c) 1,2 I 3 I 4 O U O L L I 12 or 

U O I 4 I, 1,2 Ig I 4 O U 

(d) I4 o I3 I4 u o L I4 I8 L 

There are many other classifications of interest to the 

expert, as found in ref. 3. 

Polyrhythmic musical interludes are a common feature 
of Karnatic music concerts and provide some of the most 
exciting aspects of multiple rhythms. These require much 
preparation though they appear to be an improvization. 
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Table 5. 


Name 

Unit of 
time 

Commonly 
used symbol 

Anudruta 

1 

U 

Drum 

2 

0 

Drura Viranm 

3 

I3 

Uighu 

4 

I4 

Lagim Virama 

5 

h 

Laghu Drum 

6 

h 

[jighu Drum Virama 

7 

h 

Gum 

8 

k 

Guru Virama 

9 

\ 

Guru DrMd 

10 

bo 

Guru Drum Virama 

U 

bl 

Pima 

12 

1,2 

Plum Virama 

13 

b. 

Plum Drum 

14 

b. 

Plum Drum Virama 

15 

bs 

Kakapada 

16 

b« 


Musicians on different instruments start simultaneously 
using different Talas. By choosing appropriate combina¬ 
tion of Talas, they conclude at the same time though 
the different Talas are independent of one another. They 
synthesize to produce an effect which is overwhelming. 
A person performing Dhruva Tala for 30 bars, Mathya 
Tala for 42 bars, Roopaka Tala for 70 bars, Jhampe 
Tala for 42 bars, Triputa Tala for 60 bars, Ata Tala 
for 35 bars and Eka Tala for 105, all end at the same 
time in a composition lasting 420 units of time. 

The author remembers a performance by the late 
Palghat Mani Iyer and his group several years ago and 
recalls its psychological impact on the audience, which 
was quite unforgettable. At no time was an impression 
of randomness ever created. A fuller list of the names 
for the Tala division is given in Table 5. 


Part II—Forms, instruments and aesthetics 


At a concert of Karnatic music, the positioning of the 
main performer and the instrumental accompanists who 
support him is traditional. Usually, on the left side of 
the main performer sits either the flutist or a violinist 
or less frequently a harmonium player, who supports 
him in a canon-like (imitative) manner. Occasionally, 
they take over the main activity themselves. Just behind 
the singer are the Tanpitras to give him the exact tonic 


(Sruli) as accurately as possible, for the singing of the 
Swaras in complex Ragas requires that the leading 
musician be exactly on the tonic. On his right side are 
placed the percussion instruments like the Tabala, 
Mridangam, Marching (Jew’s harp), etc. On occasions 
where there are two main performers, they sit in the 
centre next to each other so that the support for one 
another is well coordinated. 

Before the commencement of concert, the tuning of 
all the instruments starts. It takes up considerable time 
and immediately after this the musician begins the 
.Alapana on the Raga of the first work to be performed. 
The Alapana is an important part of a musical concert 
and IS meant to expose the Raga of the main work in 
many ditterent ways, what Ananda Coomaraswamy calls 
•moulds' of musical phrases. The main performer is 
supported by the instruments around him and more often 
than not the percussion instruments are silent durin" 
the ,4/o/wna as it does not always have a Tala structure* 

The Alapana can last from a few minutes to several 
nours and there have been cases where it has lasted 
>or several day.s. The Alapana is essentially improvization 
Jn the moulds’ ot the Raga. Once the Alapana is over. 


the main theme or Pallavi of the work is announced. 
It is repeated several times, each time with a different 
ornamentation. The Pallavi is followed by the Anupallavi, 
the counter theme. After completing the statement of 
Pallavi and Anupallavi, the main musician takes on 
elaboration of the two themes in which new forces are 
brought in, such as Kalpana Swaras, which makes use 
of Sa, Ri, Ga, Ma, etc., instead of words (Sahitya) and 
tempo changes are brought in. The musician often gets 
support from the use of Chittaswaras or subthemes 
given by the composer to be used in contrast with the 
Pallavi and Anupallavi. 

The Pallavi elaboration is always supported by the 
percussion instruments exploring the details of the Talas 
to which it belongs. At some given stage, the entire 
proceedings is passed on to the percussion instruments, 
which take on the performance of a Tala exposition. It 
may or may not be supported by other instrumentalists. 
The Tala exposition has been described earlier and 
forms an important climax of the performance. It is 
likely, at this stage, that all the side instruments 
(Pakkavadyas) take part in the work and come to a 
climax with a resounding Kalpana Swara ending. 

There are many variations to the elaboration in that 
a song may be sung as a Ragamalika, where the Swaras 
appear in different Ragas but all of them are based on 
the same tonic. Once the Pallavi and Anupallavi are 
elaborated, there is a great degree of freedom for the 

performer for further elaboration, Swara~v^ht and Tala- 
wise. 

The form described constitutes the classical part of 
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the concert. The concert usually starts with a Varna 
(Etudes) and usually ends with a Bhakti (religious) or 
secular music. It always ends with a Mangalam, forming 
a hymn of finality to the concert. 

In earlier times, the voice, the Veena, the flute and 
the percussion instruments were the basic instruments 
of performance. In recent times, the violin has been 
accepted as an integral part of the family of instruments 
at a concert. The flute belongs to an older period and 
the fine variations of Swaras are obtained by partial 
pressure applied on the holes on a flute and the air 
pressure exerted into the resonating column gives it 
great possibilities. In recent times, other European in¬ 
struments have also been introduced into concerts such 
as the mandolin, guitar and even electronic instruments 
as principal instruments. Though the capability of 
electronic instruments is great, they are still not fully 
explored, and have not been given a permanent position 
at classical concerts. Vocal performance, however, has 
various advantages over instruments as lip and mouth 
movements can produce effects which cannot be imitated 
on instruments. Perhaps, a day may come when electronic 
instruments will take over at least part of the vocal 
possibilities. 

In temple music, the main instrument is the Nada- 
swaram accompanied by percussion and has its own 
techniques, especially at open-air performances. 

The essence of Karnatic music lies in the system of 
adorning notes called Gamakas, It is difficult to describe 
specific laws for the construction and use of Gamakas. 
As pointed out by Prof. P. Sambamurthy"^, playing notes 
or singing of notes unadorned is rare in Karnatic music. 
Even in the hrst lesson in music in Mayamalava Goula 
Raga, one is taught to sing Ri and Dhi with Gamaka 
right from the beginning. He quotes from the Natya 
Sastra, saying ‘Music without Gamaka is like a moonless 
night, a river without water, a creeper without flowers, 
a lady without ornaments and a flower without smell’. 
I quote again from Prof. Sambamurthy since it is the 
best description of Gamakas I have come across. He 
writes: ‘the artistic and polished rendering of music 
consists in the notes of the melody being decorated 


with appropriate Gamakas. The difference in the render¬ 
ing of a piece by a senior musician and a junior musician 
lies mainly in the charming, stylish and graceful rendering 
by the former. Gamakas are a vital part of Indian music 
and they serve to determine the melodic character of a 
Raga. They are the backbone of Ragas, as much as 
harmony in European music. ‘Two Ragas with identical 
Arohana and Avarohana and derived from the same 
Janya Mela might yet differ from each other on account 
of the characteristic Gamakas being present in one Raga 
and absent in the other. Arabhi and Sama, and Manji 
and Bhairavi are instances in point. The same variety 
of Gamaka appears with different degrees of intensity, 
rapidity and range in different ragas. 

Gamaka is a comprehensive term meaning and includ¬ 
ing not only the shakes but also the manipulation of a 
note in any manner resulting in a musical effect. In 
other words, when the plain character of a note is 
altered so as to result in a musical effect, it is a 
Gamaka. There are Gamakas peculiar to vocal music 
and Gamakas peculiar to instrumental music. Gamakas 
make music pulsate with life. In graceful Gamakas, a 
fine web of microtonal variations is woven. / 

It will be difficult to indicate in notation all the grace 
notes used in a musical composition. But persons con¬ 
versant with the Bhava and the true melodic picture of 
Ragas will supply the grace notes and shakes instinctively 
and render the music in an artistic manner.’ 

Appendix II gives the list of definable Gamakas in 
European notation purely as example. It is here that 
the student of Karnatic music has to depend on the 
phrase Guru-Shisya Parampara (the ecstatic relation 
between the teacher and the taught). 


1. Helmholtz, On the Sensations of Tone as a Physiological Basis for 
the Theory of Music, 1875. 

2. Clements, E. H., LCS.: Ragas ofTanjore, 1913, reedited by Caxton 
Publication, Delhi, 1988. 

3. Sundaram, B. M., Tala Sangraha, Purcussive Arts Centre, Bangalore. 

4. Sambamurthy, P., South Indian Music, The Indian Music Publishing 
House, Madras, 1983, vol. I to VI. 

5. Krishna Rao, H. P., First Steps in Hindu Music in English Notation, 
Weekes & Co, Hanover Street, Regent Street W, 1906. 


Appendix 1. Musical events of historical importance 


Musical events 

Period Work Person concerned Remarks in Europe Major world events 


1800-1001 BC Sama Veda 


Chants to Vedic hymns 

- 

Harappa and Mohenjodaro 

1000-500 BC Parivrajaka 

Narada 

Equivalent to Solfa 

system defined 

(Sa, Ri, Ga, ... Ni, etc.) 

Egypt 


Upanishad 



Greek music 

Confucius, Buddha 

Early Tamil 
school 
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Appendix I. (Contd) 





Musical events 


Period 

Work 

Person concerned 

Remarks 

in Europe 

Major world events 

4 BC 

Natya Sastra 

Bharata 

Treatise on dance 

- 


5 C AD 

Bruhaddesi 

Matanga 

Early compilation of 

Ragas, then known as Jatis 

- 

Chola & Pallavas 

11 C AD 

Sangita 

Parsvadeva 

Classification of Bhashanga 




Samayasara 


and Upanga Ragas 



11 C AD 

Sangita 

Jagadeka Malla 

Classification of gender and 




Chaudamani 


time Ragas 



12 C AD 

Geeta Govinda 

Jayadeva 

One of the greatest musical 
poems ever written 



12 C AD 

Sangita 

Makaranda 

Narada 

Gamakas classified 



1210-47 

Sangita 

Sarangadeva 

Pallavi exposition 




Ratnakara 


22 Sruties 

Distinction between Margi 
and Desi Ragas 



12 C AD 

Panditaradhya 

Palkurini 

Identification of Sruties 


Muslim invasions in 


Charita 

Somanath 

Kavl 



the North 

12 C AD 

Sangita 

Sudhakara 

Haripaladeva 




14 C AD 

Raga-tarangini 

Lochana Kavi 

Raga elaboration 

Development of 
Christian music 


1450-1600 





Renaissance 

1453 





Fall of Constantinople 

1492 





Columbus 

1450- 





Vijayanagar 

15 C AD 

Sangeetasara 

Vidyaranya 

(1320-80) 

Alapana development 


established (1336) 



Purandaradasa 

Sapta-tala system 





(1484-1564) 

Composer, referred to as the father 
of Karnatic music. Introduced 





standardized teaching methods 
Group singing introduced 





Annamacharya 

Composer, friend 





(1424-1503) 

Kanakadasa 

Collaborator of Purandaradasa 





Andhra School 
Tallapakkam 
Chinnayya Ramadas 
(17th Century) 

Bhajan Paddhati 



1521 




Josquin Des Prez 

Vasco-da-Gama 





Palestrina 

(1525-94) 

Mughal Period 

1550 

Swaramela 

Ramamatya 

Elaboration of Ragas 

Shakespeare 



Kalanidhi 



(1564-1616) 


1565 





Battle of Talikota 
(Fall of Vijayanagar 
Empire) 

1609 

Raga Vibodh 

Somanatha 




1594 (ca.) 

Chaturdandi 

Prakasika 

Venkatamakhin 

Melkarta system perfected 



1660 

Sangita 

Ahobala 


J. S. Bach 



Parijata 



(1685-1750) 


17 C AD 

Anupa Sangitha 

Bhavabhatta 





Vilasa 

Tanjore School 

Patron of music 





Shahoji, 

and composer 

Viennese 




Maharaja of Tanjore 
(1684-1710) 


School 
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Appendix I. (Contd) 

Period 

Work 

Person concerned 

Remarks 

Musical events 
in Europe 

Major world events 

1789 





French Revolution 

18 C AD 


Shyama Shastri 

Trinity of 

Hayden 




(1762-1827) 

Kamatic music 

(1732-1809) 




Thyagaraja 


Mozart 




(1767-1847) 


(1756-1791) 




Muttuswamy 


Beethoven 




Dikshitar 


(1770-1827) 




(1775-1835) 




19 C AD 


Subbaraya Sastri 

Composer 

Chopin 




(1803-1862) 


(1810-1849) 




Swati Tirunal 

Veena 

Liszt 




(1813-1847) 


(1811-1886) 

Indian Mutiny 



Singaracharlu 

Pallavi expert 

Wagner 




(183A-1892) 


(1813-1883) 




Maha Vaidya- 

Composer/vocal 

Verdi 




natha Iyer 


(1813-1901) 




(1844-1893) 


Mussorgsky 




Patnam 


(1839-1881) 




Subramanya Iyer 

Composer 

Debussy 




(1845-1902) 


(1862-1918) 

First World War 



Veene Sheshanna 

ComposQtfVeena 





(1852-1926) 






Bidar Krishnappa 

Cornposer/Harikatha/vocol 





(1866-1931) 






Vasudevachar 

Composer/vocal 





(1896-1961) 






Muthiah Bhagavatar 

ComposQT/Harikatha 


Second World War 



(1877-1945) 





Appendix II. Gamaka symbols^. 


A composition is sung in Raga regulated by Tala and embellished by 
the following Gamakas, or graces: 


1. Jaru (or the slur) (/^). The curved line called a slur, placed 
over two or more notes, shows that they are to be played in a 
connected style. The first note alone is struck, and the others are 
lightly sustained for their full value. When only two notes are 
connected by a slur, the intervening notes, if any, are gently slid 
over. When a slur connects two or more notes of the same name, the 
first is sustained during the value of all the notes. 

2. Linurn When a note merges slowly and gradually into 

another higher note, the symbol called linum, is used. 

3. Kampitam The symbol called Kampitam (shake), 

placed over a note, shows that the note above it in the Sthayi are to 
be alternately repeated in quick succession (Figure Al). 

Written Played Pronounced 




N 5 NSN 5 MS 




r rlj~T 


A/i-i-L-L-i-i-U. 


Figure Al. 

4. The symbol A note with the symbol placed over it 

shows that the note and the note above it in the Raga are to be 
alternately and equally repeated, each twice in the time value of the 
written note (as shown in Figure A2). 



Plaxed 

P D P D 



Figure A2. 


Pronounced 


fh-a-a-CL. 


5. Anuswara, or the grace note. In order to produce a sweet effect, 
two notes are sometimes blended together; one of the notes is the 
principal note and the other the grace note. The grace note is written 
smaller. It retains its pitch, but borrows its duration frorti the principal 
note. A grace note preceding a principal note assumes the name of 
the latter in singing, and gives it only an additional vowel sound; but 
when it succeeds it, the order of pronunciation is reversed and the 
grace note is sung as a vowel, as shown in Figure A3, where the 
pronunciation in singing is Pa-a, Ni-i and Dha-a. 


Written 


P N D 


D P N P D S 


Played 


Figure A3. 



6 . Humpitam (j). When a line is drawn through the stem of a grace 
note, it is played with the utmost rapidity, and the principal note 
hardly loses any time. The small note shows the point from which 
the principal note darts. 


7. Emphasis. When a note is preceded by a grace note immediately 
above it in the Sthayi and is of the nature described in (6) above, 
the note is emphasized as M and D in Sankarabharanam in the ascent. 


8 . Sphuritha. Notes are sometimes used in pairs. When the second 
note of a pair is preceded by a grace note immediately below it in 
the Sthayi and is of the nature described in (6) above, the grace is 
called Sphuritha when the pairs are ascending (Figure A4). 

5 5 6 G P P 


Sphuritha 


J aJ 


Figure A4. 
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9. Frmhyahatha. Wten the second note of a pair is preceded by a 
grace note immediately above it in the Sthayi and is of the nature 
described in (6) above, the grace is called Prathyahatha when the 
pairs arc (fcscendinc (Figure 

5 5 D DM M 

N 


Prathyahatha ! i ! - -—^^ ^ 

Figure A5. 

HI AmhUtam The symbol — placed over a note shows that 
three-quarters of the note and a quarter of the note above it in the 
Ra^a are to be played in the tin^i value of the written note (Figure A6). 

M M P 


Written 



Played 



Figure A6. 

11. The symbol (=). When the symbol = is placed over a note, the 
mode of playing explained in the preceding paragraph is repeated 
twice (Figure A7). For Kurulum, Thirup, Ullasitam, etc., see the 
excellent work on music by Subrama Dikshitar of Ettyapuram^. 

The following abbreviations are also useful: 



9m a ta a 


Figure A7. 

12. The symbol (■ —). A note with the symbol -- placed over it 
is played as shovsn in Figure A8. 


P M M 


PlayedI 

J 

Figure A8. 


13 The symbol (-). A note with the symbol-placed over it 

is played as shown in Figure A9. 


R G R 


Ri i i 


Figure A9. 

14. The symbol 1. A note with the symbol I placed over it is played 
as shown in Figure A10. 

r, R G M G 


J 

^ 1 




J— ^ Played ^ 


fH 


E: 


Sa a, <x 


Figure AlO. 


15. The symbol (~). A note with the symbol ~ placed over it is played 
as shown in Figure All. 


M 

Written 


P M G M 



/fe, CL CL tSL 


Figure All. 

16. The symbol !. The symbol, f shows that the note over which it 
is placed is struck and at once stopped, silence continuing till the 
time indicated by the note expires (Figure A12). 

Figure A12- 


The symbols 
under the notes. 


etc., are sometimes used 
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Neural network models for spatio-temporal 
associative memory 

G. Athithan 

Advanced Numerical Research and Analysis Group, P.O. Kanchanbagh, Hyderabad 500 058, India 


General requirements in modelling spatio-temporal 
associative memory and learning complex sequences 
are discussed in the context of human memory. A 
formal definition of the problem of spatio-temporal 
association employing neural networks is given. A 
survey of the known models is presented and the models 
are examined for their closeness to human memory in 
their ability to learn and recall spatio-temporal pat¬ 
terns. Based on the nature of their recall dynamics, 
the models are classified as synchronous or asynchro¬ 
nous. In both cases models involving plastic synapses 
as well as those involving transmission delays are 
discussed. Sentences in natural languages are viewed 
as special cases of complex sequences, and learning of 
rules and constraints of a language is commented upon. 
A discussion on possible directions for future work 
concludes the paper. 


Modelling associative memory by means of an assembly 
of interacting neurons is an active area of research in 
neural netv^orks. From the time Hopfield^ proposed a 
model of a completely interconnected assembly of 
neurons with associative memory capabilities, a lot of 
work has been done in analysing his model as well as 
in extending it^"^. Most of this refers to storing and 
associatively recalling time-invariant or spatial patterns 
using the standard Hopfield model and its variants^’ 
Storing a pattern would involve creating a corresponding 
local minimum in the state space of the model; recalling 
would mean the model’s dynamical descent to and 
settling in the nearest local minimum. A model’s con¬ 
figuration is usually decided by the choice of encoding 
of the patterns to be stored. 

The main problem in such modelling is to calculate 
the strengths of synaptic interconnections as a function 
of patterns to be stored. The solutions are called learning 
rules, the important ones among them being Hebb^, 
pseudo-inverse^ iterative^ and linear programming^’ 

In the case of time-invariant patterns the main interest 
is to maximize both the number of patterns to be stored 
and the basins of attractions in the state space around 
each one of the patterns. The linear programming rule 
helps one achieve that, though unlike Hebb’s rule it is 
not biologically plausible. 

Associative memory of time-invariant patterns is inter¬ 
esting and important in its own right; human and animal 
visual memory falls in this category. However, the more 


interesting case is that of time-varying or what are 
known as spatio-temporal patterns. The former can even 
be considered as a special case of the latter. Human 
musical memory, motor skills as well as the faculty of 
speech and language all come under the category of 
spatio-temporal patterns. Modelling neural networks with 
spatio-temporal associative capabilities is, therefore, a 
very challenging and active area of current research. A 
number of models have been proposed by workers in 
this field. Some are based on transmission delays while 
others are based on short-term modifiable or plastic 
synapses. Though many of these models have been 
demonstrated to function satisfactorily, their scope is at 
present rather limited and one is still far away from 
modelling the prodigious spatio-temporal associative 
capabilities of an average human brain. Much work 
needs to be done and new ideas forged before one can 
do that. 

In this paper we follow the development in this field 
since the early eighties and review most of the known 
models. The context of human memory and biological 
plausibility is kept in the background while discussing 
their capabilities and limitations. To begin with, general 
requirements of a model for spatio-temporal association 
are discussed. It is followed by a formal, though 
restricted, definition of the problem of modelling spatio- 
temporal association. The known models are classified 
as synchronous and asynchronous based on their dyna¬ 
mics. In both classes, models based on transmission 
delays as well as those based on plastic synapses are 
discussed. The next section discusses some syntactical 
aspects of natural languages and explores the connection 
between complex sequences stored in neural networks 
and valid sentences of natural languages. Some ideas 
for a new model are suggested for learning rules and 
constraints of a language from a set of sample sentences. 
The last section concludes with comments on possible 
directions for future research in this field. 

General requirements 

Modelling spatio-temporal associative capabilities of 
human memory is a problem which is as interesting as 
it is difficult. Solutions to this problem would help us 
understand such complex human faculties as making 
and enjoying music, playing physical games, and hearing 
and speech. In view of the enormous number of neurons 
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and their interconnections in an average brain, modelling 
by simulation is restricted to only toy-level scales. Also, 
research work in this area has begun only recently. 
Therefore, most of the known models solve only limited 
versions of this problem. In fact, the definition of this 
problem given in the next section is also somewhat 
restricted. However, here we shall take a broad look at 
spatio-temporal association from the viewpoint of full 
range of human memory’s capabilities and organization. 
Besides the spatio-temporal, the spatial aspect will also 
be kept in view. With this brief prelude, the general 
requirements are stated below: 

(i) The model should be able to store spatial patterns 
in its state space and recall any one among them with 
only a content of it being given as initial condition. 

(ii) It should store directed sequences of distinct pat¬ 
terns in the state space and recall any sequence step 
by step with only a content of any one of its patterns 
being given as initial condition. 

(iii) At each pattern in a sequence being recalled, it 
should persist for a known finite period of time. The 
last pattern in a sequence may be a fixed point of recall 
dynamics or may lead to a transition to the first pattern 
(the former case corresponds to an open sequence and 
the latter to a closed one). 

(iv) It should store and recall combinations of open 
and closed sequences which share one or more patterns 
(such combinations are referred to as complex sequences). 

(v) It should have two modes of dynamics, namely 
learning and recall. One need not exclude the other, 
i.e. both may operate concurrently on the model. 

(vi) Special or predesigned events should trigger the 
model from one mode to the other. In particular, a new 
input pattern should set the model in learning mode 
while a content of a pattern learnt previously should 
set it in recall mode. Also, a successful recall should 
reinforce learning of the recalled output. 

(vii) From the viewpoint of speech and language, the 
model should be able to learn classes of patterns, such 
as nouns, verbs, etc., as well as the associated syntactical 
constraints from a set of sample sentences as sequences. 
It should generate new valid sequences of members of 
these classes satisfying the constraints. 

(viii) The model’s recalling ability should exhibit 
recency and primary effects. That is, recently learnt 
patterns must be recalled with greater ease and tolerance; 
also some patterns should be stored with greater basins 
or valleys of attractions compared to others, a choice 
left to the designer. 

(ix) The model should be robust, i.e. any damage to 
a small part of it should not affect its performance 
drastically. Furthermore, it should be able to work with 
incomplete and noisy input. 

(x) As far as possible the model should be biologically 
plausible. 


With the current level of research and understanding 
of neural networks, constructing a model to meet all 
the above requirements will be a tall job. However, 
m.any ideas proposed so far in the literature suggest 
steps in the right direction. In the following sections 
we will discuss them in the background of the require¬ 
ments enlisted here. 

Before we begin, an introduction to the common ideas 
and concepts as well as the notations involved in the 
study of neural networks is in order. 

The basic unit in models of neural networks is a 
neuron, denoted by a,- where i is its index. It is either 
in a firing or in a non-firing (quiescent) state denoted 
by +1 or -1, respectively. The synaptic interaction 
strength from neuron j to neuron i is denoted by J^j. 
Positive value for J^j means the synapse is excitatory 
and negative value means inhibitory. The number of 
neurons in a model is denoted by N while p denotes 
the number of patterns in a temporal sequence. The 
transmission delay from neuron j to neuron i is denoted 
by Xy . Some models involve modifiable or plastic synap¬ 
ses, which are denoted by J™. To incorporate architec¬ 
ture-related features, most models have a weight function 
dependent on delays, denoted by £(Ty). 

Coming to the input pattern sequences, denotes 
the |ith pattern vector among the p patterns; denotes 
the fth bit of the pth pattern. Depending upon the 
context, bold-faced English letters and capital Greek 
letters will denote either vectors or matrices. The overlap 
between pth and vth patterns is denoted by While 
recalling a temporal sequence, the model is expected 
to persist in each pattern for a known period of time 
denoted by A. When the input pattern is indicated as 
a function of time as ^^(r), it means that the input 
corresponds to the |uth training session of duration D^. 

One important aspect in the interface between neurons 
and their input is the input sensitivity. Denoted by q, 
it may take any value between 0 and 1 and it could 
be a function of time. 

Lastly, there is the concept of order of a sequence 
of patterns. Denoted by g, the order of a sequence 
signifies the minimum number of previous patterns 
(excluding the current one) required to specify the 
transition to the next pattern in the sequence. In other 
words, if the recall dynamics is given a description in 
terms of a differential equation, then g is nothing but 
the order of the differential equation minus one. Examples 
of sequences of order one and two are given in one 
of the subsequent sections. Sequences of order zero are 
sometimes referred to as simple sequences. 

Definition of the problem 

Briefly, the problem of spatio-temporal association may 
be stated as follows. Given a set of time-dependent 
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vectors (or patterns) of a specific dimension and duration, 
how to devise a dynamical model such that the attractors 
in its state space correspond to these vectors identically? 
The dynamical model in question is to be designed with 
two-state neurons as its building blocks. The central 
problem is, therefore, to compute the synaptic interaction 
strengths between the neurons with or without introducing 
time delays in their interactions. A more detailed descrip¬ 
tion of the problem may be obtained by referring to 
Figure 1. 

Three basic components in the model are shown in 
the figure. They are, respectively, the time-dependent 
sensory input vectors {^/(/)}, the set of neural state 
variables {a, (0} denoted as internal state, and the set 
of synaptic interaction strengths {Jij(t)}. As one can 
see, there are two types of dynamics which are involved 
in the design. The first one, which modifies [Jij(t)} as 
a function of {^/(r)} and is called the learning 

dynamics. This dynamics helps in computing the synaptic 
interaction strengths The second one, called the 

recall dynamics, changes the internal state of the model 
from current time step to the next. The learning dynamics 
has to be designed such that new sensory input patterns 
become the attractors of the recall dynamics. During 
recall, the input to the model, which is some part of 
one of the memorized patterns, determines towards which 
attractor the recall dynamics will drive the model. Once 
the model settles down in an attractor, that attractor is 
said to be recalled for whatever input was impressed 
on the model to initiate the recall dynamics. 

Symbolically, a spatio-temporal pattern (STP) may be 
defined as STP = i = te [0-D]}. A 

part of an STP, called content, is then C = { ^ (0- 
i = Hj, . .. , ^ 2 ; te [/i where both n^ and ^2 are 

less than N. Both and t 2 lie between 0 and D, where 
D is the duration of the pattern. After modifying 
{ Jij } as a function of one or more STPs using the 
learning dynamics, the model must be capable of recalling 
the required STP given only a content of it as the 
initializing input for the recall dynamics. In some models 
of neural networks an explicit phase of learning may 
not be present. Instead, one computes the synaptic 
strengths as functions of STPs using specific formulas. 

The recall dynamics in neural network models is 
simple and well known and is defined as follows, 
ignoring delays in interactions: 

A local field /i, (r) at neuron i is computed as 

= X(la) 

ye C(0 

where C(/) denotes the subset of neurons which are 
connected to neuron i. 

The new state at neuron i is then obtained using 

Cf,(f + 5f) = sgn(/i,(r)). (lb) 


If all the neurons are updated simultaneously at perio¬ 
dic times, the dynamics is called synchronous. On the 
other hand, if the neurons are picked at random times 
for updating, the dynamics is asynchronous. Equation 
(lb) applies to the case of zero Temperature’. When 
the temperature T is not zero, one may use Glauber 
dynamics as indicated below instead of (lb): 

Prob [O; (t4- 5r) = ± 1] = (1/2) [ 1 ± tanh(P /i, (r))], (Ic) 

where p = HkT and ^ is a suitable scaling factor. In 
the context of human memory, a non-zero temperature 
can be used to model the effects of synaptic noise. The 
class of subsets {C(z)}, which are functions of neuron 
z, is dependent on the architecture of the model. In the 
standard Hopfield model each C{i) is equal to the entire 
set of neurons excluding neuron /. 

As shown in Figure 1, the main variables which 
influence the outcome of the recall dynamics are the 
synaptic strengths {/y(0}- Therefore, it is the design 
of the learning dynamics as well as the architecture 
which is the central problem in the design of the model. 
There are a few general guidelines which one may 
follow in its solution. Some of these guidelines are 
restrictive while others enhance the options for a designer. 
Firstly, the modification of y,y, the synaptic connection 


Sensory 

input 



Figure 1. Schematic dynamic model of spatio-temporal associative 
memory. See text for a detailed explanation. 
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from neuron j to neuron U niay be determined purely 
by what happens in neurons i and j. This is known as 
Hebb’s hypothesis^ Secondly, some of the may be 
presumed to change during recall dynamics, implying 
that synapses need not remain hard during recall. Thirdly, 
delays in interactions do exist in natural neural networks 
either due to transmission or due to the presence of 
the so-called interneurons. To learn and recall correlations 
between patterns at various instances of time, such 
delays may be made use of. One may even consider 
the possibility of modifying the amount of delays as 
part of the learning dynamics. 

To sum up, the problem of designing a model of 
spatio-temporal association is one of computing the 
synaptic interactions {7^} as a function of STPs, which 
need to be embedded as attractors in the model’s state 
space. The process of computing {/,y} is called the 
learning dynamics, which may follow certain guidelines. 
Given the contents of any STP as initial conditions, the 
recall dynamics should drive the model into the cor¬ 
responding attractor. We begin with a survey of 
synchronous models. 

Synchronous dynamical models 


Extension to the standard Hopfield model 


One of the first attempts to store simple sequences of 
unbiased patterns in a neural network was made by 
Hopfield^ Let 




( 1 ) 


N 


I ^5*^; 


( 2 ) 


provide stability to the |ath pattern. The transition to 
the (|X+l)th pattern can be effected by the ‘forward 
projecting’ synapses 


p 

jr(2) _ ^ jm+l pmu. 

n = 1 


The local field is then given by 


(3) 


/I. (0 = E + (4a) 

J 

p 

= X + (4b) 

= I 

where 

(^) = ^ E cr, (f). (5) 

/ 

Assuming that the model is in state S'’ and p « N, 


/i, (r) + (6) 

Therefore for £ > 1, the model will make a transition 
to The dynamics of recall must, of course, be 

synchronous. With asynchronous dynamics, transitions 
to adjacent patterns are known to get mixed up, leading 
to a failure in recalling any stored sequence. In fact, 
some models which we shall discuss under the 
asynchronous category later are essentially borne out of 
attempts to remedy this problem^. 

The pseudo-inverse method 

In this section we discuss the model proposed by Guyon 
et al}^. First we consider the case of simple sequences, 
wherein the patterns in a given sequence are all distinct. 
Let the patterns be : |i = 1,... ,p}. The required 
transitions are 

s'' -4 S''^' = S*'^ (say) (7) 

for p = 1,... ,p. To store an open sequence, p + 1 may 
be set to p when p = p. For a closed sequence, 
p.+ 1 may be set to 1 when p = p. The transitions (7) 
are ensured if J satisfies 

JH^ = for p = l,...,p (8a) 

or, equivalently, 

JE = E", (8b) 

where H is the pattern matrix whose columns are E^’s. 
The general solution of (8) is 

J = S"E^ + ^(/-E^E), (9) 

where E^ is the pseudo-inverse^“ of E and B is an 
arbitrary matrix of dimension NxN. 

3' = (5"E)'3^. 

Therefore, irrespective of the dimension of E one needs 
only to find the inverse of (S^E), which is a pxp 
square matrix. In fact, E^ E = O (overlap matrix). Thus, 

J = S'^(0)'S'" (10) 

taking B to be the null matrix. Using this approach a 
maximum of N transitions can be stored. The N transitions 
may all correspond to a single simple sequence or many 
smaller simple sequences. The fact that no two S^’s 
may be identical ensures that O will be nonsingular. 

In complex sequences of order one or more, transition 
from the current to the next pattern cannot be decided 
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by current pattern alone. Two examples of complex 
sequences are given in Figure 2. 

The most general formulation to learn and recall 
complex sequences is 

1=0 j 

hi' IJ' 


Jo.J. (11) 


+ X (12) 

jj' 

Two simple solutions concerning (12) may be obtained 
by selectively ignoring some summands in its right-hand 
side (RHS). 

Linear local field: In this solution, all summands which 
are quadratic in a’s in (12) are ignored. As a result, 
equation (12) can be written in a compact form using 
Ya(t) to denote the remaining two linear terms on its 
RHS as follows: 

Kt) = X 4 Ut) (13) 

a 

or 


For order g = 1 equation (11) reduces to 


h(0 = jr(0, 


(14) 


= X oi (0+ X 

+ X ‘JyCO Cfr(0 

jj' 

+ X Jur ct,(t- 1) 1) 

jj' 




b 

b- ^ - C 



f d [abcdaef d]ab 


where 


r(r) = 


m 

2:-(0 


The required transitions are still represented by (7); 
therefore, J may be computed by solving 


for n = l,...,p, (15a) 


where 

r TTP 



An equivalent matrix formulation of (15a) is 


jr = J 


(15b) 


A particular solution of J from (15) is 

J = r 


= B^(r'^r)' r\ (i6) 

where F' and F^ are the pseudo-inverse and transpose 
of r, respectively. 

Quadratic local field: All terms linear in a’s in the 
RHS of (12) are ignored in this solution. Besides, the 
synchronous correlations between a’s, i.e. terms such as 
0,(0 are also ignored. Therefore, (12) reduces to 

h(t) = jr(r) = J[X(0®2(t-l)], (17) 

with 0 denoting the termwise product. Using transitions 
(7) 


Figure 2. a. Complex sequence of order one with six different ^ --ii+i 

patterns; b, complex sequence of order two. JF = J[:r^0>;r. ] = Ci 


(17a) 
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or 

jr = J[E®H-] = 5^ (17b) 

As in the case of linear field, a particular solution of 
(17) is 

j = ^ (18) 

The above approach can be generalized for higher-order 
sequences in a straightforward manner. 

Though lacking in biological plausibility, this model 
solves the problem of spatio-temporal association in a 
most direct manner. It does not have any explicit learning 
dynamics; the synaptic strengths are calculated directly 
by formulas. It can store and recall complex sequences, 
and would be acceptable for anyone looking for an 
engineering solution. Guyon et point out a problem 
in identifying the basic units in a sequence. In learning 
any verse as a complex sequence, one has four choices 
of basic units, viz. letters, words, lines and sentences. 
The larger the basic unit, the smaller is the number of 
transitions, the smaller the order sometimes but larger 
becomes the network size. Words, perhaps, are the 
natural basic units in the case of natural language 
sequences, as we argue in a subsequent section. 


learns even while it is recalling. Dehaene et propose 
a model for spatio-temporal association based on synapses 
which get modified during recall. 

In their model, the basic units are clusters which are 
made up of several neurons. Within a cluster, these 
neurons are interconnected by excitatory synapses. 
The activity level of a cluster is a continuous variable 

€ [0-1]. In practical applications, clusters may denote 
words, notes, etc. Clusters are interconnected by inhi¬ 
bitory and modulating bundles of synapses. Thus, is 
inhibitory when i ^ j and excitatory otherwise; denotes 
a modulated synapse from cluster j to the cluster i. The 
local field is computed using 

Mt) = X J, + X (20) 

j j € m(i) 


where m(i) denotes a set of clusters having modulated 
connections with cluster /. The updating of ^, (0 is done 
by 


^,-(r + AO 


1 

1 +exp(- /z,(0)’ 


( 21 ) 


The modulated synapses themselves undergo the follow¬ 
ing dynamics depending on the activity of the cluster 
(here k) which influences the modulation: 


Optimal stability 

The pseudo-inverse approach ensures large, but not 
necessarily maximal, basins and valleys of attraction 
around sequences to be stored. Employing the method 
of linear programming is one way of maximizing the 
sizes of these basins and valleys of attractions. 

Given the p patterns and the associated transitions, 
the conditions for learning them can be set down as^* 

X ^ for i = N and 

a \i= P, (19) 

where k represents the size of the basin or valley of 
attraction. The pN inequality constraints (19) are linear 
in Therefore, the method of linear programming 

can be applied^’to find the optimal value for k. As 
a by-product one can obtain [J^J. 

Alternatively, one may use an iterative approach a la 
Gardner^ to compute starting from a desired value 
for k. 


mt+At) 

where 


cXp7^(0 + (l“OCp)L^(0 ifC,(/)>0.5, (22a) 
a,J^{t) if Ur) <0.5, (22b) 


ttp = exp(-Ar/rp) 

is called the rate of potentiation and 

ttd = exp(-Ar/7;) 

is called the rate of decay. Tp and are parameters 
of the model. Physically, equation (22) means that 
J^(t) tend towards a current maximum Lij{t) if activity 
of the modulating cluster is high, else it decays to zero. 

The current maximum L,y(t) is also subject to change 
as follows. If 

yy(r-2At)^,(t-2At) > 0.5 4(0 


then 


Modelling with plastic synapses 

In majority of models the synaptic strengths get modified 
only during the operation of learning dynamics. During 
recall they stay invariant. However, there is evidence 
that some synapses do change even during recall 
dynamics. Alternatively, one can say that the model 


P, L,jit) + (1 - 3,) L if C(0 > 0-5. (23a) 
^ p,L,(0 if C,(0 ^ 0-5. (23b) 

where pi and P 2 1^^ normalized rate constants and 
are parameters of the architecture. L is the absolute 
limiting value for modulated synaptic strengths. Physi- 
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cally, (23) means that if 7^- and at two time steps 
earlier were high and the activity of i is high now, 
then increase L,^, else decrease L^j. This is indeed a 
kind of Hebb’s principle. 

With these dynamics, let us see the action of a 
synaptic triad illustrated in Figure 3. Let cluster fs 
activity be high = 1), fs activity be low 

(C/(0 = 0) and k's activity be medium high 
(CjtW > 0.5). Also, let Ljj(t) > J-- and and 7^- be small. 
Then as time increases, J^{t) will increase towards 
L,y(r). After a certain period, J^{t) > J^j. Consequently, 
^/(O will tend towards 1. Through inhibitory 7y,-,^y(r) 
will tend towards zero. Thus, activity will be propagated 
from cluster j to cluster i. Simple sequences can be 
stored and recalled with a ring of such triads. Sequences 
of higher order can also be stored and recalled as 
demonstrated by Dehaene et al}^ using suitable inter¬ 
connections between clusters. However, general 
guidelines for configuring an architecture for specific 
complex sequences are yet to be identified. 

The major criticism against this model is that it does 
not genuinely learn any STP^"^. If the input matches 
with any one of the latent attractors, then the model 
merely performs a selection. Inputs which do not match 
any of the latent attractors are neither learnt nor recalled. 
However, the concept of modifiable synapses used in 
this model is interesting and merits further studies. 

Approach based on transmission delays 

One way of learning temporal relationships in time- 
varying sensory input is to compute autocorrelations of 
the input with respect to time. Herz et point out 
that in the presence of delays due to axonal transmission. 


among other types, Hebb’s principle indeed leads to the 
computation of such autocorrelations. As a result, the 
network can learn to store both spatial and temporal 
information about the input in its synapses. The central 
idea in a model proposed by Herz et al}^ is associating 
an integral delay with each synaptic connection. They 
also assume that there may be more than one synaptic 
connection between any given pair of neurons. 

The application of Hebb’s rule in the presence of 
delays is stated as follows: 

1; X) = ^ (f + 1) CT, (/ - X). (24) 

After p sessions of learning, each of duration one 

may obtain 

^ E r + 1) (25) 

= 1 = I 

In both (24) and (25) e(t) is a weight factor useful for 
incorporating architectural features into the model. 

The local field at neuron i is computed using 

N 

hi (0 = (1 - n) S s 0) + (0- ( 26 ) 

y = 1 T * 0 

The constant T] is the input sensitivity mentioned earlier. 
Though the inner summation, indexed by x, refers to 
all integral values from 0 to it is not necessary 
that all 7^(x) are nonzeros. In the so-called ‘clamped’ 
learning mode r| is set to 1 and so 

<7,(g = ^(^m-D- (27) 



Figure 3. A synaptic triad involving a modulated synapse J^{t) from cluster j to cluster /, with k denoting the modulating cluster. 


CURRENT SCIENCE, VOL. 68, NO. 9, 10 MAY 1995 


923 



REVIEW ARTICLE 


Once the training session, where the JJs are updated, 
is over, the network may be used for recalling stored 
spatio-temporal patterns. 

Herz et consider a special case of patterns, i.e. 
simple cycles of duration D, where 

Ut) = %i{t-D). (28) 

If the weight factors £(i;) are selected such that 

Eix) = e(D~2--T) (29) 

then it is shown that there exists a Hamiltonian for 
their model as given below: 

N D-I 'em., 

H(t) = X X 

u j - \ a = 0 1 = 0 

X aj{t-{a + x+ 1) modD)). (30) 

The Hamiltonian is a function of states between time 
r+l-D and t\ therefore, it is possible that solutions 
of constant H need not necessarily be fixed points. 
Indeed one can see that 

N 

= X [a,.(r)-C;(f-D)] h,(t- 1). (31) 

i = 1 

Since a,(0 = sgn[/i,(r ~ 1)], -AH(f) is always positive. 
Consequently, as ? oo, AH{t) should tend to zero 
because H is bounded- The end result is that the model 
will have to settle in a state with 

a, (f) = a, (f~D) for / = 1,... , N. 

The existence of a Hamiltonian enables one to apply 
statistical mechanics to the study of the model. The 
application is simplified by defining a higher-dimensional 
model with ND neurons so that the simple cycles 
{^^(t): r = 1,...,D} can be mapped to points in the 
higher-dimensional model. For that purpose let 

Jf = /y((i?~a~ 1) modD) iov a ^ b 

and 

7^"' = 0 for all a. 

Then the Hamiltonian of the larger model is given by 

N D~l 

(32) 

ij =1 a, £> = 0 

With the above form for the Hamiltonian, the model 
924 


resembles the standard Hopfield kind with ND neurons. 
Analytical results concerning the critical capacity (ratio 
of p to AO as a function of D can then be obtained 
following the approach of Amit et al}. Results from 
numerical simulations are also reported by the authors. 
Both are given in Table 1 for a comparison, which is 
indeed good. Studies imply that uniform distribution of 
E('r) leads to optimal values of and m^. 

Overall, the model described here is very promising 
though storing and recalling complex sequences needs 
to be examined further. Despite the dynamics being 
synchronous, learning is biologically plausible. Both 
spatial and dynamic patterns can be stored and recalled 
based on one and the same learning principle. Further 
studies and extensions of this model will indeed be 
very fruitful. 

Asynchronous dynamical models 

Models based on asynchronous dynamics are rather 
limited in depth and variety compared to those based 
on synchronous dynamics. The chief reason is that the 
former are more difficult to construct and analyse com¬ 
pared to the latter. Here we shall discuss two different 
models for storing and recalling simple cycles, one of 
which is based on modifiable synapses. Both these 
models are in a way extensions of the first attempt by 
Hopfield to the case of asynchronous dynamics. Models 
based on transmission delays will be considered next, 
followed by some observations on synchronization in 
the presence of delays. 

Transitions induced by noise 

Using the idea of forward projection suggested by 
Hopfield\ Bhumann and Shulten^^ proposed a model 
with (0-1) type of neurons. Three types of interactions 
are computed in their model, namely, excitatory, in¬ 
hibitory and projectional as shown below: 


p N 


= 

p = 1 

where £^ = 

Table 1. 

X cr. 

/ = 1 

(33a) 

D 

«c 

Analytical 

Numerical 



3 

0.110 

0.12 


0.95 

4 

0.116 

0.125 


0,96 


Results from analytical and numerical studies of the model 
described by equation (32). Analytical results were obtained from 
an application of equilibrium statistical mechanics. The constant 
D denotes the duration of simple cycles while and represent 
the critical capacity and the corresponding threshold overlap. 
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i tcrc;. ( 33 i>) 

p. = 1 V = I 

•^// = E (£'■ ' «"■' cr ' - e"" ' P"" ' cr ' ) c". (33c) 

\i = 1 

The projective type consists of excitatory forward and 
inhibitory backward interactions. The final {7^} are 
computed using 


4 


J^, if ^ 0, 


4, if J," = 0 and 

i(cr‘+cr')cf ^0. 

1 

4 if i icrcr = o, 

[1=1 V=1 

l|I-Vl < 1. 


(34) 


The {<7,(0} are computed using Glauber dynamics 
adapted for (0-1) representation of neurons. After suitable 
tuning of a’s and P’s, the model is capable of transition 
to successive patterns in the presence of nonzero tempera¬ 
ture. The patterns have to be unbiased. The persistence 
time, A, is naturally a function of temperature, a’s and 
P’s. Smaller temperatures imply larger A’s. If the 
temperature is zero, the model would not be able to 
make transitions to successive patterns. 

However, Nakamura and Nishimori^^ point out that 
for the case of orthogonal patterns, using 

4 = E («s'*' ‘+e** p ‘ cr') cr. (35) 

n = 1 


it is possible to induce transitions even at zero tempera¬ 
ture. As the patterns are orthogonal, the inhibitory term, 
in the Bhumann and Shulten model gets excluded. 
Otherwise (34) and (35) are very similar except for the 
tuning parameters a and p, which are not functions of 
III in (35). 

Though these models work for simple sequences, they 
are rather fragile, having to depend on noise in one 
case and requiring orthogonality of patterns in the other. 
Nor are the ideas involved biologically plausible. Further 
studies with these models may not give rise to any 
interesting results. 


Model with plastic synapses 

In another extension to Hopfield’s model, Peretto and 
Niez^^ propose a set of modifiable synapses J^{t) besides 
the ones defined in (2) and (3). The {J^(t)} are computed 
by 




At 


At 


(36) 


where is a relaxation time constant controlling decay 
of old contributions. determines the rate of 
destabilization of the current state. With a given history 
{ 0 .(t-Mt); k is an integer}, using (36) one can get 




where R s (l-At/J^). 

Let {0/(0} = {^y} for r-At, t-2At,.. ., t-nAt. 
Then, from (37) 





At 

NT, 


X X R'~'Oiit-kAt)(yj(t-kAt). (38) 

Jt = n + 1 

The first term in (38) with a minus sign destabilizes 
the current state As n becomes large, 7^\ the 
forward projection term, will dominate over 7”^\ thereby 
effecting a transition to The persistence time A 

is easily obtained by setting the fields stabilizing S'' 
and S''*^^ equal: 


The value of e has to be of course less than one. 

The patterns have to be unbiased and only simple 
sequences can be stored and recalled. The model is 
biologically not plausible in spite of working with 
asynchronous dynamics. The concept of modifiable 
synapses is indeed original and needs to be explored 
further in combination with the ideas of Dehaene et al. . 


Models with transmission delays 

The usefulness of transmission delays has been mentioned 
earlier while discussing synchronous dynamics models. 
Here we shall discuss two solutions to the problem of 
spatio-temporal association based on delays in signal 
transmission. The first one is yet another extension of 
Hopfield’s idea of forward projection. The second is 
based on Herz et ai:s proposal^^ in the light of 
asynchronous dynamics. 

Model with a single delay: Using a single delay, T, 
associated with the forward projection term Jlf\ Sompo- 
linsky and Kanter^^ propose a model for the storage of 
simple sequences. The local field h^t) is given by 


hi(t) = E 4 ’®;( 0 + E 


(39) 
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Using overlaps, m^itys defined by (15), (39) can be 
written as 

hi it) = i m^it) + e ' m^it - 1)). (40) 

\1= 1 

Assume that the model was in state for 

— T < r < 0 and it changed its state to at / = 0. 
Assuming p « N and E*^’s are unbiased, 

= 1 for 0 < r < X 

and 

=0 for |LL V- 1. 

The above equations imply 

h,it) = (l + e)^r 

soon after transition. That is, both the instantaneous and 
retarded signals stabilize E^' till t becomes T. When 
t > z 


Hebhian learning with delays: In the presence of 
transmission delays the local field h-Xt) has to be com¬ 
puted by 

hiit) JijiXi)Gjit-x,). (41) 

J 

The above equation applies only when the signal trans¬ 
mission is soliton-like. If there is dispersion during 
transmission, then 

hiit) = X Jiji%) J“ dt' ait', X,) Gjit - n (42) 

j 

where 



models the dispersion. Updating of a’s is done using 
a,(t + A0 = sgn(/i,(0) (43) 


giving 

If e > 1, there will be a transition to E'"^^ at f = x. 
The entire scenario will repeat again to effect a transition 
to at t = 2x and so on. 

The persistence time A is nothing but x itself. If the 
patterns have a common average bias a, then and 
may be computed using 


as usual; synaptic noise may be introduced, if necessary, 
using Glauber dynamics with nonzero temperature. The 
generalized Hebb's rule in the presence of delays is 
then given by 

A/y('t:i,; f) = ifijiGiit+At),Gjit-Xij),JijiXij;t)). (44) 

The synaptic strength at time t, /y(x,y; t), is included 
among the arguments of (]),y so that saturation effects 
and, consequently, forgetfulness can also be modelled. 
Using a simple correlative function for (jiy without any 
nonlinearity. 


i^^-a)i^^-a) I 
l-a^ I 

(r'-«)(4r-«)] 

i' 

The assumption of a single delay may be questionable, 
though the model works with asynchronous dynamics. 
It can be viewed as a special case of the one proposed 
by Herz et al.^^. In the latter the delays range between 
0 and a maximum of whereas Sompolinsky and 
Kanter^^ limit themselves to two delays in their model, 
namely, 0 and t and, hence, two synaptic connections 
between every pair of neurons. It is not difficult to 
convince oneself that a training session employing Hebb’s 
rule with an input v{t) = L r/x J mod p} will result 
in computing and automatically. The factor £ 
is, of course, to be put in externally. To be biologically 
plausible delays will have to depend on neuronal indices 
and also a spectrum of values '^must be allowed for 
them. 


Jiji'tij) = ^ J/cr/(0df J,, dt'ait',x,J)Gjit-t'), (45) 

where Tq is the period of learning. 

Equation (45) is nothing but the continuous analogue 
of (25). It also includes the effects of dispersion. The 
usefulness of (45) depends on two critical factors; one 
is the statistical distribution of delays and the other is 
the rate of change of sensory input. On the one hand, 
if the sensory input is time-invariant, or varies very 
slowly, then we are concerned with spatial patterns only. 
The learning dynamics (45) can compute the synaptic 
connections appropriately. On the other hand, if the 
variation of sensory input is too fast, then (45) cannot 
extract meaningful autocorrelations of the input and so 
nothing sensible will be learnt. The most useful situation 
is obtained only when the delays in the models and 
time constants involved in the input match or resonate 
with each other. This should be evident from the dis¬ 
cussion on the model by Sompolinsky and Kanter^^ in 
the previous section. When there is a resonance between 
the delay distribution and time constants of the input, 


4 


(I) 


1 

N 


1^1 
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the time-varying sensory input can indeed be stored as 
a single spatio-temporal object and recalled later. As 
pointed out earlier, it is only the auditory input which 
is fundamentally spatio-temporal and probably well 
understood from a statistical point of view. The task is 
then to configure a matching architecture for a model 
for processing auditory signals. It may even be necessary 
to consider introducing delays which are not necessarily 
due to transmission. 

Synchronization in the presence of delays: While Herz 
et were pursuing the idea of Hebbian learning with 
delays, Kerzberg and Zippelius^^^ also were studying the 
use of delays in learning spatio-temporal patterns. Their 
work has resulted in some important findings regarding 
the effect of dispersion and delays on synaptic noise. 
They find that any synaptic noise is effectively countered 
by dispersion-related integration. Also, combination of 
delays and the integration leads to a smoother response 
and resistance to various types of noise. Networks are 
not too sensitive to sloppy synchronization due to delays. 

Complex sequences and natural language 

A composition in any natural language can be viewed 
as a sequence in many ways: as a sequence of letters 
of its alphabet, or a sequence of words or phrases or 
even sentences. Clearly, the number of possible phrases 
or sentences in any natural language is too large for 
either of them to be considered as basic units. Letters, 
on the other hand, are too atomic and are also devoid 
of any semantic content to serve as basic units either. 
That leaves us with words as the only choice. In fact, 
research in linguistics suggests that maximal addres¬ 
sability and choice in framing sentences exist only at 
the level of words^^~‘^ As the word-set in any natural 
language is finite, more than one occurrence of a word 
in a single sentence or composition is quite normal. 
Thus, from a limited syntactical point of view a sentence 
or composition is a complex sequence of words. Now, 
most of the models for spatio-temporal association dis¬ 
cussed earlier concern storing and recalling entire se¬ 
quences. However, such an approach to store and recall 
all kinds of sentences is impractical, if not downright 
meaningless. New models of networks capable of learning 
rules for choice of words based on syntax and semantics 
need to be constructed. A study of formal languages 
and attempts to build models which can recognize valid 
formal language statements could be useful as inter¬ 
mediate steps towards such an effort. 

One major difference between formal and natural 
languages lies in the size of their terminal symbol set. 
We have already argued as to why words must be the 
terminal symbols for a natural language. Compared to 
the symbol sets of practical formal languages, the word- 


set of any natural language is much larger. The words 
are also classified into so many categories whose in¬ 
terrelationship is indeed very hierarchical^^. Furthermore, 
there is this difference between the connotation and 
denotation of one and the same word in natural languages. 
Terminal symbols in formal languages, on the other 
hand, have unambiguous meaning irrespective of where 
they occur in a sentence. Sensitivity to context is another 
complex characteristic of natural languages. Though 
there is a formal definition of languages which are 
context-sensitive, to apply any such definition to natural 
languages is beset with problems. The main difficulty 
is that the number of possible contextual situations in 
a natural language is again very large. Also, the relation¬ 
ship between a context and the meaning of a word may 
change from time to time. Therefore, one may not be 
able to capture a context-sensitive aspect in the form 
of a time-invariant rule. For instance, how is one sup¬ 
posed to write a rule for the simple requirement in 
‘good writing’ that repetition of words be kept to a 
minimum. However, in spite of all these difficulties, 
using concepts from formal language theory for con¬ 
structing new models of neural networks may prove to 
be fruitful. 

In dealing with natural languages one major problem 
is the sheer number of basic units involved. One way 
to tackle the problem would be to limit oneself to a 
highly restricted domain of the real world. That is, start 
with a small set of objects and their characteristics. Let 
the type of sentences also be limited to one or two 
basic patterns. Then by a combination of syntactical 
and semantical inputs, it would be possible for a two- 
component neural network to learn and generate (not 
recall) meaningful sentences in a limited natural lan¬ 
guage. A small example to explain this idea is given 
below. 

Perhaps the best way to look at natural language 
understanding using neural networks is to observe how 
children learn their mother tongues. To begin with, they 
learn the meaning of real life objects such as, say, a 
cat or tree (nouns), and their attributes (adjectives), then 
simple sentences linking these two types of parts of 
speech. Suppose that the only sentences a child has 
heard being spoken are: (a) ‘The cat is black’ and (b) 
‘The tree is tali’. From this elementary universe of 
sentences several syntactical rules can be extracted. 
Firstly, every sentence starts with the word ‘The’. 
Secondly, the third word of every sentence is ‘is’. 
Thirdly, the second word of any sentence should be 
from the set {cat, tree}. And, lastly, the final word is 
from the set (black, tall}. Already the child can learn 
from these two sample sentences, general concepts such 
as ‘article’, ‘noun’, ‘linking verb’ and ‘adjective’. Key 
to the generation of meaningful sentences is a spatial 
type of association between visual representation of an 
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object and its name, as well as between a characteristic 
of the object and the corresponding adjective. Such an 
association is realizable using known models of neural 
networks. On one bank or component, visual repre¬ 
sentations could be stored and on another the correspond¬ 
ing verbal equivalent. Visual input on the first will then 
induce the associated word in the second. The second 
component has to be of a spatio-temporal nature. Having 
got into a state denoting a specific word, it should 
make a transition to the next state which should cor¬ 
respond to a meaningful word, and so on. Now, it is 
possible that the transition to the next state is uniquely 
decided by the current state. This situation is, in practice, 
an exception rather than a rule. More often, two or 
more branches may exist at many points in any complex 
sequence. In fact, if the two sample sentences are viewed 
as complex sequences of words, at the first word The’ 
there are two branches; the third word ‘is’ also has 
two branches. Whenever the current state does not 
uniquely define a transition, one has two approaches. 
The first one is to refer to one or more antecedent 
states as in the case of dynamical models. Alternatively, 
output from an external source, which could be an 
independent dynamical model by itself, can be used to 
decide the choice among the various branches. Going 
back to the elementary universe of two sentences, the 
choice between ‘cat’ and ‘tree’ should indeed be made 
by such an output from the visual associative memory 
rather than by referring to the past. The same can be 
said about the choice between the modifiers ‘tall’ and 
‘black’. The interaction between spatial and spatio-tem¬ 
poral components required here can be as described in 
equation (26). The term corresponding to sensory input 
can play the role of output from the spatial component. 
One problem would be to find out when to activate 
this external influence. In other words, what kind of 
dependence should r| have on time? A simple solution 
is to treat r| as a constant. When not required, this 
external influence will only act as random noise which 
can be countered by the robustness of the spatio-temporal 
component. At branch points though, it can help in 
deciding the choice uniquely. 

The above description of a two-component model for 
sentence generation is, admittedly, sketchy. However, 
the central idea is probably clear. 

Conclusion 

Some important concepts which emerge from the review 
of known models are: transmission delays, plastic synap¬ 
ses and complex sequences. Delays due to transmission 
are known to exist not only due to the time required 
for neural signals to travel the axonal length but also 
due to the presence of the so-called interneurons in 
their path. In fact, for temporal correlations across 


durations of the order of seconds, axonal delays alone 
may not be sufficient; architectural mechanisms, such 
as the presence of intemeurons or synaptic triads^^ may 
also be required. The second concept, plastic synapses, 
is a biologically meaningful one. There are at least two 
arguments in favour of it. One is the existence of 
short-term memory, which implies that some synapses 
get modified more often compared to others. The second 
argument is based on evidence for the coexistence of 
learning and recall processes in the human brain. Indeed, 
the recency effect, exhibited by our brain, may be traced 
to such a coexistence. Thirdly, the concept of complex 
seqiuences provides the basic and complete foundation 
for defining spatio-temporal patterns or attractors, at 
least as far as synchronous dynamics is concerned. 

Evidently, it is easier to construct and analyse models 
based on synchronous dynamics compared to those based 
on asynchronous dynamics. From an engineering view¬ 
point, there is no reason to insist on asynchronous 
dynamics. However, no evidence of any synchronization 
mechanisms exists in living biological systems at the 
level of neural assemblies. Therefore, for biological 
plausibility, asynchronous dynamics is fundamental. 
Nevertheless, one may take a route via synchronous 
dynamics as far as model making is concerned, even 
for understanding natural neural systems. Such an approach 
is exemplified profitably by both Guyon et al}^ as well 
as Herz et al}^. 

Among the models reviewed, the ones based on delay 
and plastic synapses are interesting. Further studies on 
them should focus on understanding the shapes and 
sizes of valleys of attractors in their state spaces. For 
practical applications, it may be desirable that the sizes 
of valleys of attractors are optimal. Using linear program¬ 
ming to learn patterns would be one way of optimizing 
the valleys of attractors. 

Biological plausibility is important in its own right. 
Models based on delays appear to be the most interesting 
in that context. Numerical studies of models based on 
transmission delays will highlight the possibilities of 
resonance between the frequency distribution of the 
sensory input and the distribution of delays. Simulating 
variations in architectures in the form of limiting inter¬ 
actions to within a neighbourhood will be a step towards 
incorporating more biological realism in the models. 
Architectures based on a fractal code could be another 
variation. In fact, studies on biological growth suggest 
that concepts from the theory of fractals may be useful 
in constructing models of neural networks. Learning 
dynamics in currently known models change only the 
synaptic interaction strengths. Though it may seem far¬ 
fetched, changing even the values of delays during the 
learning process deserves some attention. The problem 
of justifying it biologically may be considered later. 

A final comment concerns the problem of storing and 
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recalling words, basic units of natural language sentences. 
The number of words which an average native speaker 
is able to access readily is estimated^^ to be about 
50,000. This number is rather small compared to the 
number of neurons and their interconnections in the 
segment of human brain which deals with speech. There¬ 
fore, the method of encoding words can be safely 
assumed to be sparse. Simulation studies of the two- 
component model outlined in the previous section may 
do well to adhere to this aspect of encoding. 
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A glucose-negative strain pfkl pfk2 of Saccharomyces 
cerevisiae mutated in both the genes coding for the 
soluble phosphofructokinase brings about nearly 30- 
fold overexpression of the particulate phosphofruc¬ 
tokinase (PFKII) when transformed with multiple 
copies of PFK2. The overexpression is independent of 
the dosage of PFKl-encoded p subunit. The elevated 
enzyme activity correlates directly with the increased 
particulate association of the polypeptide encoded by 
PFK2. Multiple copies of the PFK2 gene appear to be 
the only requirement for overproduction of the par¬ 
ticulate phosphofructokinase. 


The soluble phosphofructokinase of yeast (PFKI) is a 
hetero-octameric enzyme, composed of 4a and 4P sub- 
units\ This contrasts with the phosphofructokinase found 
in the human muscle or in Escherichia coli, where the 
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activity resides in a single polypeptide. Mutants in both 
the subunits have been isolated in various laboratories. 
This led to the identification and isolation of two genes 
PFKI and PFK2 coding for the P and a subunits, 
respectively^"^® (note: the genes PFKI and PFK2 and 
the encoded polypeptides have been named differently 
in different laboratories. The nomenclature used here is 
according to Gayatri and Maitra”). Analysis of a large 
number of pfkl and pfk2 mutants isolated in this 
laboratory has shown that mutations in the pfkl (p) 
gene abolish the enzyme activity while mutations in the 
pfk2 (a) gene invariably give rise to an alteration of 
the regulatory properties of the enzyme. Thus, the two 
subunits have distinct roles to play in the hetero- 
octamer^^’”. Two mutants that do not conform to this 
rule are DFY70 (a) and DFY250 (P), which exhibit 
reverse phenotypes'^’”. Recently, it has been shown that 
single-amino-acid changes in either of the two subunits 
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the level of soluble-enzyme activity^"^. We believe that 
this reflects the multimeric form of the enzyme. 

The pfkl mutants lacking the soluble-enzyme activity 
are able to grow on glucose. This is due to the presence 
of another isozyme called particulate phosphofructokinase 
(PFKII)^^. It is expressed only during exponential growth 
on glucose and its synthesis ceases as the cells reach 
the stationary phase^^. Unlike the soluble enzyme, which 
is present constitutively, the particulate enzyme is un¬ 
detectable during growth on alcohoP^. The PFK2 gene, 
which codes for the regulatory subunit of PFK I, is also 
the structural determinant of PFKlP^, which further 
requires the function of PFK3, PFK5^^'^^ and PFK7^^. 
None of these loci except PFK2 has any dose-dependent 
effect on the particulate-enzyme activity^^, suggesting 
that PFK2 is perhaps the sole structural determinant of 
PFKH while PFK3, PFK5 and PFK7 regulate its syn¬ 
thesis in a manner yet undetermined. Recently, we have 
demonstrated that the PFK3 gene is identical to 
TPS2, a determinant of the trehalose biosynthesis 
complex^®.' 

Overproduction of the soluble PFK I requires multiple 
copies of both PFKl and PFK2 genes, reflecting its 
p 4 constitution. We report here that the particulate 
enzyme in contrast requires for its overproduction only 
the PFK2 gene in multiple copies. We also show that 
the PFK2 gene product (a) is partitioned betv/een the 
soluble and the particulate fractions in response to 
glucose. The particulate, association of the a subunit is 
directly correlated with the activity profile of the PFK 
II enzyme. 

Methods 

Mutant allele pfkl-l is an ochre-suppressible nonsense 
mutation and pfk2-2 is a missense mutant. Both of 
these have been described earlier^^. The pfkl and pfk2 
deletion disruptions in the HD56-5A recipient strain 
were gifts from J. Heinisch. pfk3-~4 is an allele induced 
by EMS^\ Transformation was done by either lithium 
acetate or spheroplast methods^^ PFK2 clone was isolated 
by transforming pfkl-1 pfk2-2 ura3 strain using a YEp24 
genomic library of S. cerevisiae (obtained through U. 
Vijayraghavan). The restriction map of the insert was 
similar to that of the corresponding clone described by 
Heinisch^’The isolation and properties of the PFK3 
clone have been described^°. This clone was obtained 
from a YCp50 library (courtesy Jane Robinson) using 
a glucose-negative pfkl-1 pfk3~4 leu2 strain, com¬ 
plementing its growth defect on glucose. This was 
confirmed by integration and disruption^®. It was sub¬ 
sequently subcloned into a YEp24 vector for overex¬ 
pression studies. E. coli strain HBlOl was used for 
making plasmids by standard procedures. Yeast strains 
for transformation were grown in YEP medium or in 


minimal medium supplemented with necessary amino 
acids^^ Either ethanol (1%) or glucose (1%) was used 
as the carbon source. The cells were harvested during 
the mid-log phase of growth. 

The particulate phosphofructokinase activity was 
estimated in toluene lysatesmade with a cell suspension 
in 50 mM K-phosphate buffer (pH 7.5), 2 mM p- 
mercaptoethanol, 2 mM EDTA and 50 mM ammonium 
sulphate (KEE buffer). For preparing crude extracts and 
membrane fractions, mid-log phase cells were broken 
by French press. The cell debris were removed by 
spinning at 3000 rpm for 10 min. The supernatant was 
spun at 13,000 rpm for 15 min. The 13 K supernatant 
was used as the soluble fraction, the pellet was 
resuspended in KEE buffer and layered on top of a 
sucrose step gradient in SW 51 tubes (prepared by 
layering 2.5 ml of 45% sucrose with 2 ml of 20% 
sucrose) and spun at 20,000 rpm for 45 min in a Sorvall 
ultracentrifuge. The turbid layer at the interphase was 
collected and diluted into 5 ml of KEE buffer; this was 
then spun at 13,000 rpm for 15 min. The resulting pellet 
was used as the particulate fraction. Any contamination 
by the soluble fraction was checked by assaying both 
glucose 6-phosphate dehydrogenase activity and protein. 

For differential centrifugation of the particulate frac¬ 
tion, spheroplasts * were prepared by zymolyase 100 T 
treatment (0.25 mg/ml) and broken in 0.3 M buffered 
mannitol using a hand homogenizer. Cell debris and 
unbroken spheroplasts were removed by spinning the 
extracts at 3000 rpm for 10 min. The supernatant was 
spun at 13,000 rpm for 15 min. The resulting pellet was 
used as the 13 K pellet. The 13 K supernatant was spun 
at 36,000 rpm for 1 h and its pellet was used as the 
36 K pellet. 

Various enzymes were assayed in the following man¬ 
ner. The phosphofructokinase reaction mixture contained 
5 mM fructose 6-P, 1 mM ATP and the coupling enzymes 
needed to assay fructose 1,6-bis-P^^. Glucose 6-P 
dehydrogenase (G6PD) was assayed using 0.2 mM NADP 
and 1 mM glucose 6-P fluorometrically^^. Toluene lysates 
were used for measuring the particulate phosphofruc¬ 
tokinase. Coupling enzymes were from Boehringer Mann¬ 
heim and the substrates used for the assays were from 
Sigma. The NADH oxidase and NADPH oxidase acti¬ 
vities were assayed fluorometrically using 0.25 mM 
reduced pyridine nucleotide in 100 mM Tris buffer (pH 
7.4). The ATPase activity was also measured fluorometri¬ 
cally in 10 mM Pipes buffer (pH 6.7) using 5 mM ATP, 
5 mM MgCl^ and the coupling enzymes required to 
estimate ADP^^. 

For studying the PFK2 polypeptide the proteins were 
electrophoresed on a 7.5% polyacrylamide geF. The 
gels were stained with Coomassie Blue to visualize all 
the protein bands^"^. Western blot experiments used a 
rabbit antibody against purified phosphofructokinase from 
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yeast employing a published procedure"^. 

The quantitation of proteins was done according to 
Zamenhoff^^ and Peterson^^ using bovine serum albumin 
(BSA) as a standard. 

The reagents and detergents used in solubilization of 
the membrane fractions were obtained from Sigma or 
Boehringer. 

Results 

Overexpression of PFK2 

The particulate phosphofructokinase is determined by a 
number of genes. Mutation in any one of them leads 
to a loss of this enzyme. These mutations, when present 
in a pfkl genetic background, confer glucose negativity. 
The effect of overexpression of two of these genes has 
been compared in Table 1. The transformant carrying 
multiple copies of PFK2 has 40-fold more enzyme 
activity compared to the pfkl strain with a single 
chromosomal copy (Table 1, rows 3 and 1). In contrast, 
the enzyme activity in the PFK3 transformant is not 
significantly different from that in the parent pfkl PFK2 
strain (Table 1, row 1). This shows that the activity of 
this enzyme is related directly to the dosage of PFK2 
but not of PFK3. This is in contrast with the soluble 
activity, whose elevated levels require the overex¬ 
pression of both its genetic determinants PFKl and 
PFK2f' Both the PFKl and PFK2 genes are needed 
to synthesize the soluble enzyme while the particulate 
enzyme is active without any contribution from the 
PFKl gene. Deletion of the locus PFKl has no effect 
whatsoever on the synthesis of the particulate phospho¬ 
fructokinase or its overexpression by PFK2 clone (Table 
1, rows 4 and 5). 


Table 1. Elevated expression of particulate phosphofructokinase in 
PFK2 multicopy clone 


Strain genotype 

Growth on 
glucose 

Enzyme activity (mU/F^jo) 

PFK 

G6PD 

Plains PPK2 

-t- 

4 

25 


- 

0 

19 

Pf^^n, pM :: PFK2‘ 

+ 

200-225 

22 

pfklJk. PFK2 

+ 

8 

20 

pfkl A. PFK2::PFK2“ 

+ 

200-250 

24 

Pf^^ns P-fl^ 

- 

0 

18 

Pfl^ ■••• 

+ 

8 

26 


Cells were grown to early exponential phase on glucose or alcohol as 
appropriate. Enzyme activity was measured in toluenized cells and 
expressed per unit (extinction at 650 nm). The subscript ns refers 
to a nonsense mutant allele; pfkl A. denotes the deletion strain from 
J. Heinisch. The genotype of the deletion strain is according to our 
nomenclature. 

^The PFK2 and PFK3 genes were cloned in a high-copy episomal 
vector YEP24. 

PFK, particulate phosphofructokinase; G6PD, glucose 6-P dehydrogenase. 


In order to characterize the overexpressed PFK II 
enzyme, its activity profile was studied. The particle- 
bound enzyme responsible for the growth of pfkl mutants 
on glucose is glucose-induced; however, it is expressed 
only transiently The PFK2 transformant behaves 
likewise (Figure 1). The specific activity of the enzyme 
in glucose culture peaks around = 2.0 and decreases 
thereafter. Continued growth in the absence of glucose 
(unfilled circles, Figure 1) leads to disappearance of the 
specific activities of the enzyme (Figure 1) but no 
detectable loss of total enzyme activity per unit volume 
of the cell suspension. This indicates the absence of 
any active process of decay of particulate phosphofruc¬ 
tokinase. The decrease of the activity is merely due to 
cessation of its synthesis in alcohol cultures as well as 
during the late growth phase as the cells approach the 
stationary phase. 

Association of a polypeptide with the particulate 
fraction 

Since PFK2 is a determinant of both the soluble and 
the particulate forms of phosphofructokinase, we checked 
the distribution of its gene product a in cell fractions. 
We find that during growth on glucose the a subunit 
is partitioned between the soluble and the particulate 
fractions (Figure 2). In order to study the correlation 
between the particulate association of a and the PFK 
II activity, the levels of this polypeptide in the soluble 
and particulate fractions of the pfkl PFK2 and the pfkl 
pfkl:: PFK2 strains grown on glucose were compared. 



Figure 1. Rise and fall of particulate-phosphofructokinase activity of 
a multicopy PFK2 transformant during growth on glucose. An overnight 
culture of a strain pfkl pfkl:: PFK2 grown on YEP glucose was 
washed and diluted in a fresh medium containing glucose or alcohol. 
After resumption of exponential growth, aliquots were assayed for the 
particulate enzyme (PFK 11). 
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Figure 2. Western blot showing levels of the a subunit in the soluble 
and particulate fractions of pfkJ PFK2 and pfkJ pfk2:: PFK2 strains. 
Glucose-grown cultures were analysed. 100 |ig of protein was loaded 
in each lane, a' is a proteolysed form of the a subunit"^. 


The pfkl pfk2:: PFK2 transformant has 30- to 40-fold 
higher PFKII activity than the pfkl PFK2 strain due 
to the presence of the PFK2 gene on a multicopy 
plasmid. The G6PDH activity remains constant in all 
the strains (Table 1, last column). 

The results in Figure 2 show that the relative levels 
of the a polypeptide of two strains with a single 
chromosomal copy (pfkl PFK2) versus a multicopy 
PFK2 cloned in a pfkl pfk2 strain shows a marked 
difference in the particulate fraction. The particulate 
fraction of the PFK2 transformant (particulate, lane 2) 
shows much higher levels of the a polypeptide than 
the strain of the genotype pfkl PFK2 (particulate, lane 
1). Thus, in a PFK2 transformant, the increase in PFK 
n activity appears to be causally related to increased 
association of the a subunit with the particulate fraction. 
Although PFK2 is also a determinant of the soluble 
PFK I, the a polypeptide level in the soluble fraction 
is only 2- to 3-fold increased in the PFK2 transformant 
(Figure 2, soluble, lane 2) compared to pfkl PFK2 
(Figure 2, soluble, lane 1). 


Glucose - induction of the particulate association 
of a polypeptide 

The PFKII enzyme shows strong induction by glucose. 
It is present in log-phase cells grown on glucose, but 
totally absent in cells grown on alcohol. Is the particulate 
association of the subunit oc of PFK 13 a prerequisite 
for its induction during growth on glucose? 


The association of the a subunit with the particulate 
fraction is seen only in glucose-grown cultures (Figure 
3, particulate, lane 2), which also show particulate- 
enzyme activity in toluene lysates (Table 1, row 3). 
Cells grown on alcohol as the carbon source show 
neither the enzyme activity nor appreciable amounts of 
the particle-bound a (Figure 3, particulate, lane 1). 
Thus, glucose causes the translocation of the a subunit 
from the soluble to the particulate fraction. This is 
perhaps the likely mechanism of the absence of par¬ 
ticulate-enzyme activity during growth on alcohol and 
its induction by glucose. 

To rule out the possibility of any contamination by 
the soluble fraction, the particulate fractions described 
in the earlier sections were checked for glucose 6-phos- 
phate dehydrogenase (G6PD) activity; none could be 
detected while the soluble fraction had around 100 
mU/mg protein. Further, the particulate fractions did not 
show any antigen corresponding to glucose 6-phosphate 
dehydrogenase (G6PD), when probed with G6PD anti¬ 
body obtained from Sigma. We also used the cDNA 
clones of 6-P-gluconate dehydrogenase (GND) (Lobo 
and Maitra, unpublished) which overexpress the enzyme 
50-60-fold to see if overexpression of a protein might 
make it particulate. In the GND transformants no GND 
antigen could be detected in the particulate fraction. 
We conclude from these results that the particulate- 
phosphofructokinase activity is directly correlated with 
the association of the a subunit with the particulate 
fraction. 






A G 




.<f 








V 




A G 


Q' 




12 12 
SOLUBLE PARTICULATE 


Figure 3. Western blot using PFK antibody showing relative levels 
of the a subunit in the soluble and particulate fractions. Alcohol-grown 
(A) and glucose-grown (G) cultures of pfkl pfkl:: PFK2 strain carrying 
the cloned PFK2 gene in high copies were used. 200 pg of soluble 
and 100 pg of the particulate-protein fractions were loaded. 
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Although the PFK2 gene product a gets associated 
with the particulate fraction under certain conditions as 
shown above, we do not detect any appreciable difference 
in size between the soluble and particulate forms on 
SDS-PAGE. In both the fractions the a subunit migrates 
as a species of molecular weight 116kDa. However, 
the particulate fraction shows a broad band which might 
be a result of post-translational modification of a (Figures 
2 and 3, particulate, lane 2). 

The sequence of PFK2 does not show any distinctive 
membrane-targetting signals or hydrophobic domains^. 
Probably, the cytoplasmic form of a undergoes post- 
translational modification in response to glucose, result¬ 
ing in particle-bound activity. So, we checked the 
membrane association in our mutant isolates in other 
complementation groups that effect the PFKII activity. 
This was probed by using the mutants pfk3 and pfk7. 
However, these mutants, when transformed with multi¬ 
copy of PFK2, do not restore growth on glucose in a 
pfkl background unlike the pfkl pfk2 strain. The absence 
of PFKII activity in pfk3 and pfk7, therefore, necessitated 
the incorporation of PFKI gene on the recipient strain 
for it to grow on glucose. As a result, PFKI pfk3 and 
PFKI pfk7 were transformed with high-copy PFK2 
clone. The membrane association of a in pfk3 and pfk7 
mutants is not altered (Figure 4, particulate, lanes 3 
and 2) and stays the same as in wild-type transformants 
(particulate, lane 1), giving a broad band of a subunit 
exactly similar to that seen in Figure 2, particulate, lane 
2. However, in the soluble fraction the amount of a is 
more or less the same as that of p (Figure 4, soluble, 

lanes 2 and 3), suggesting that the overexpressed a 

from the PFK2 clone is targetted to the membrane 

fraction. So far, none of the mutants lacking PFKII 

was affected specifically in the particulate association 
of the a subunit. 

We detected the presence of P subunits also in the 
particulate fraction in PFKI genetic background (Figure 
4, lanes 2 and 3). This might be due to the inherent 
affinity of the subunits for each other rather than due 
to any role of p in the particulate-enzyme activity. The 
particulate activity and its elevated levels can be observed 
in strains lacking p polypeptide (Table 1). 

To determine whether the observed particulate associa¬ 
tion of the a subunit is with a specific cellular membrane, 
the particulate fraction was subjected to differential 
centrifugation. Table 2 shows the relative distribution 
of the enzyme markers of various organelles after differ¬ 
ential centrifugation - (a) mitochondrial: NADH 
oxidase^^, (b) plasma membrane: vanadate-sensitive 
Mg^"^—ATPase“^ and (c) microsomal: NADPH oxidase^^’^^. 
Most of the mitochondrial activity was observed in the 
13 K pellet. The 13 K pellet also contained some amount 
of microsomal vesicles. The plasma membranes and the 
microsomes were detected in the 36 K pellet. The 13 K 


and 36 K pellets lacked the G6PD activity which was 
present in the cell-free extracts. 

The PFKn activity is highly unstable in vitro, so its 
activity profile could not be tracked. We, therefore, 
checked the fractions for the a antigen using PFK 
antibody. The antigen was found in both 13 K and 36 K 
pellets. This indicates that the particulate association of 
PFKII is not specific to mitochondria or to plasma 
membrane. Another possibility is the association of PFK 
II with the cytoskeleton. Density gradient centrifugation 
of purified organelles might help to identify the specific 
structure inside the cell with which PFKII associates 
in response to glucose. The preliminary studies reported 
here only show that this structure is probably not the 
mitochondrial or plasma membrane. 

We have tried to solubilize the particulate form of 
the PFK2 gene product using spheroplasts from a high- 
copy clone of the pfkl pfk2:: PFK2 strain. Spheroplasts 
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Figure 4. Western blot using PFK antibody showing the paniculate 
association of the a subunit in pfk3 and pfk7 mutants. Glucose-grown 
cultures were used. 200 jig protein was loaded in each lane: 1, pjkl 
pfk7 ::PFK2\ 2, PFKI pfk7:: PFK2; 3, PFKI pfk3 :: PFK2. 


Table 2. Relative distribution of organelle marker enzymes and 
PFKII antigen a in 13 K and 36 K pellets after differential 
centrifugation of the particulate fraction 


Marker enzyme 

Activity in 13 K 
pellet (m Units) 

Activity in 36 K 
pellet (m Units) 

NADH oxidase 

2560 

46 

Mg‘^-ATPase 

0 

248 

NADPH oxidase 

6 

13 

PFKII (a antigen) 

+ 

-f 


A high-copy transformant of PFK2 in a pfkl pfk2 recipient strain was 
used for this experiment. 
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were prepared from cultures grown in glucose and lysed 
in 0.1 M Tris (pH 8.0), 10 mM MgCl^, 2mM p-mer- 
captoethanol containing 1 mM each of PMSF and 
pepstatin A. The pellet was washed, resuspended in the 
same buffer and incubated overnight with a variety of 
detergents to examine if solubilization of the PFKII 
had occurred. These include 1% Triton X-100, 2% Triton 
X-114, 0.5% Na deoxycholate, 20 mM n-dodecyl-P-D- 
maltoside, 15 mM octonyl-A-methyl glucamide, 20 mM 
decanoyl-A-m^thylglucamide, 2.5 M urea, 25 mM EDTA, 
0.1 MNa carbonate (pH 11.5), 2MKC1, O.lMNaOH, 
1% Nicol, 0.2% CHAPS, 1% CHAPSO and 1% BIG 
CHAPSO. Despite the use of a variety of detergents 
and other reagents, it has not been possible to solubilize 
the active PFKII enzyme from the pellet fractions. 
Caustic soda (0.1 M) was the only reagent that could 
extract from the pellet fraction the a polypeptide that 
reacted positively in the dot blot assay for the a antigen. 

Discussion 

The PFK2 gene plays a dual role in the S. cerevisiae 
cells. It is a structural determinant of the classical 
phosphofructokinase enzyme present in the soluble ex¬ 
tracts, coding for the regulatory subunit. Apart from 
this, the PFK2 gene product (a) has another function. 
This was deduced from the following observations: (a) 
it was found to be the genetic determinant of the 
particulate phosphofructokinase enzyme, and (b) the 
particulate-enzyme activity showed a dose dependence 
on PFK2. 

The results described here show that the PFKII enzyme 
activity is dependent only on the dose of the PFK2 
gene. Thus, PFK2 is the sole catalytic and the structural 
determinant of the particulate PFKII enzyme. Over¬ 
expression of the PFK2 gene alone can support 30- to 
40-fold increase in the PFKII activity. This enzyme 
activity is directly correlated with the particulate associa¬ 
tion of the PFK2 gene product. 

The transition of the soluble polypeptide to a par¬ 
ticle-bound form seems to occur in response to glucose. 
During growth on glucose, the PFK2 polypeptide is 
partitioned both in the soluble and in the particulate 
fractions, whereas growth on ethanol keeps it mainly 
in soluble form. This demonstrates biochemically its 
dual role as a structural determinant of the soluble PFK 
I as well as the particulate PFKII. 

Overexpression studies described here show that the 
factors necessary for the transition from the soluble to 
the particulate forms are abundant inside the cell and 
can support a 30- to 40-fold increase in PFKII levels; 
it is, therefore, surprising that the soluble form of the 
a subunit still persists during growth on glucose. This 
suggests mechanisms that deny accessibility of a fraction 
of this polypeptide pool to a particulate fate. One 
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explanation would be the presence of the PFKl polypep¬ 
tide that would bind the PFK2 product and thus prevent 
it from becoming particulate. An alternative explanation 
can be the synthesis of separate mRNA species from 
the PFK2 locus that specify the two enzymes. So far, 
we have not been successful in identifying such forms 
of the PFK2 mRNA. 

Since the primary protein synthesized from the PFKl 
locus is soluble, it is not clear as to how the soluble-to- 
particulate transition occurs. Post-translational modifica¬ 
tion of the a subunit might play a role. However, 
neither PFK3 nor PFK7 appears to define such a process. 
Considering that for post-translational modification a 
general protein might be involved, e.g. a kinase, muta¬ 
tions in such genes might be lethal. A screen for 
temperature-sensitive PFK II determinants might identify 
such loci. 

Regarding the nature of the particulate association, 
preliminary results reported here show that it is not 
specific to mitochondria or the plasma membrane. Our 
results, however, do not negate the possibility of 
microsomal membranes being the likely target, but this 
needs to be further analysed by density gradients. Another 
interesting possibility is that the particulate nature of 
the PFKII enzyme is due to an association with the 
cytoskeletal elements or another protein present in the 
membrane, rather than due to the anchoring into the 
membrane. The phosphofructokinase from human 
erythrocyte interacts with the band 3, the predominant 
integral protein and anion transporter of the erythrocyte 
membrane^^, and this interaction relieves the inhibition 
by ATP and 2,3-bis-phosphoglycerate, converting the 
sigmoidal fructose 6-P saturation curve to a hyperbolic 
form^^ This phosphofructokinase also interacts with thin 
filaments of muscles^^ and with calmodulin^l Although 
in yeast there is no evidence for the association of the 
PFK2 gene product with the particulate fraction mediat¬ 
ing an allosteric control on the soluble enzyme, the 
possibility that the a subunit might associate with 
proteins either in the membrane or in the cytoskeletal 
matrix appears interesting. 

What could be the requirement for the dual role of 
the PFKl polypeptide in the cell? The particulate phos¬ 
phofructokinase contributes only 20% of the total phos¬ 
phofructokinase activity in yeast and it appears only 
during the exponential phase of growth on glucose. We 
believe that the partitioning of this polypetide between 
the soluble and the particulate fractions could be involved 
in functions other than the phosphofructokinase activity. 
This assumption is borne out by our observation that 
one of the determinants of this enzyme, PFK3, is 
identical with TPS2^^, which codes for the 100 kDa 
subunit of the trehalose biosynthesis complex^"^. Another 
subunit of the same complex, TPSP^'^^, appears to be 
involved in the regulation of glycolytic flux at the level 
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of glucose transport. In view of this, the dual role of 
the PFK2 gene product and the particulate nature of 
the PFKII enzyme assume significance outside the phos- 
phofructokinase reaction. This is being investigated 
further. 
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Morphology and glacier dynamics studies in 
monsoon-arid transition zone: An example from 
Chhota Shigri glacier, Himachal-Himalaya, India 

D. P. Dobhal, Surendar Kumar and A. K. Mundepi 

Wadia Institute of Himalayan Geology, Dehra Dun 248 001, India 


Investigations on the morphology and glacier dynamics 
of Chhota Shigri glacier in a monsoon-arid transition 
zone during 1987-1989 are reported. The glacier 
dynamics and gravimetric techniques indicate that the 
thickness of the glacier ranges from 15 to 130 m, with 
a total ice volume of about 636,579 x 10^ m^. The flow 
movements at different places on the glacier have been 
calculated; the maximum flow movement (12.6- 
14.2 cm day“^) is obtained near the equilibrium line. 
This rate of movement decreases to 8.8 cm day“^ dovm- 
stream in the ablation zone. The mass balance data 
measured during 1987/88 and 1988/89 show negative 
values, indicating that the glacier is receding with an 
average of 7.5 m yr''^ The per day discharge of melt 
water is 41.5 x 10^ m^ day“^, whereas silt load passing 
in a day varies between 85 and 2000 tons. 


Glaciology is a relatively new field of science, where 
the water resources management and climatological 
studies are given importance. Snow and ice comprise 
about 80% of the earth’s freshwater reserves, out of 
which only 3% is confined to permanent snow and ice 
other than the Antarctica and Greenland, Although it is 
a relatively small amount, it has great importance because 
of its proximity to populated areas, as a perennial source 
of water, hydropower and its relationship with climatic 
changes at various time scales. 

Fluctuation records of the Himalayan glaciers differ 
from the glaciers of any other place because of their 
existence in a different geomorphologic regime and 
tectonic environment of catastrophic advances due to 
earthquakes and surging. 

Due to the awareness about the significance and effects 
of glaciers over the environrqent, systematic scientific 
studies have been started since 1986 by the Department 
of Science & Technology, Govt, of India, on Himalayan 
glaciology as a multidisciplinary and' multiorganizational 
project. Under this programme the first glacier to be 
covered is the Chhota Shigri glacier. 

The Chhota Shigri glacier (32“11'-32‘’17"N and 
77‘’30-77''32'E) is one of the well-developed and easily 
accessible glaciers of the Chandra-Bhaga river basin. 
This area falls in the monsoon-arid transition zone^; 
therefore, this glacier is considered to be a potentially 
sensitive indicator of the northern limits for the intensity 


of the monsoon. The Chhota Shigri glacier is covered 
by debris due to maximum secondary weathered 
(mechanical) effects caused by sudden variations of 
climatic changes. 

Bara Shigri, the well-known and longest glacier of 
Himachal Pradesh, is located on its eastern side and 
flows almost perpendicular to this glacier except for 
the lower portion near the snout, where it takes a turn 
parallel to Chhota Shigri. The present study is basically 
oriented towards the collection of scientific data on the 
glacier through interdisciplinary expedition with emphasis 
on the glacier morphology, ice thickness, ice movement^ 
ice volume, mass balance and snout fluctuation (Table 1). 


Table 1. Chhota Shigri glacier (study time summer months). 
July-Sept. 1987-1989 


Location 

District Lahaul and Spiti 
(Himachal Pradesh) 

Extension. 


Elevation 

3800-5600 m 

Latitude 

32n2'-32“ir 

Longitude 

77“30'-77“3r 

Length 

9 km 

Glacier slope 

Between 1“ and 18“ 

(average 12.5“) 

Total drainage area 

45 km^ 

Total ice cover 

8.75 km^ 

Temperature 

2-11“C 

Variations in summer 

Abnormal up to -5“C 

Accumulation area 

5.43 km^ 

Ablation area 

Fluctuations of 

3.32 km^ 

equilibrium line 

1987 

4600 m 

1988 

4840 m 

Snout position in 1989 

4055 m (about 2.5 km south of 
Chandra river) 

Retreat 

195 m (between 1963 and 1989) 

Thickness of glacier 

(average 7.5 myr'^) 15-130 m 
(based on gravity survey) 

Ice volume 

636,579 X 10^ m^ 

Volume in water equivalent 
Flow movement 

572,910^ m^ 

Near equilibrium line 

12.6-14.2 cm day~^ 

Over ablation zone 

8.8 cm day“^ 

Mass balance 


1987-1988 

-1.01 X 10® m^ 

1988-1989 

-1.7 X 10® m^ 

Discharge 

41.5 X 10®m^day"^ 

(1988-1989) 
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Chhota Shigri belongs to transverse compound U- 
shaped valley type (Figure 1). The main glacier is 
slightly crescentic in shape, arching easterly at the lower 
accumulation zone (4800 m). The main glacier flows in 
the north direction for about 4 km in the accumulation 
zone and then changes the direction to NNE towards 
the main Chandra valley from the equilibrium line. The 
main glacier valley is bounded by almost vertical walls 
up to a slope of 80“ (Figure 2). The altitudinal difference 
from snout to head of the glacier is about 2400 m with 
a length of 9 km, giving rise to an average surface 
slope of 12.5° for the glacier valley. 

Climate 

The climate of the area is mainly characterized by the 
cold winter extending from October to April. The earlier 
records of climate are not available, the nearest weather 
station at Keylong records a maximum temperature of 


not exceeding 24°C. During the period 1987-1989, the 
temporary meteorological observatories were set up at 
altitudes of 4050 and 4600 m. The recorded variations 
between the maximum and the minimum temperature 
at equilibrium line (4600 m) are from 10.5°C to -5.2°C, 
whereas near the snout a maximum temperature of 16°C 
and a minimum of 4°C have been recorded. 

Drainage 

The Chhota Shigri glacier drains into the Chandra river. 
The total drainage area of the glacier basin is about 
45 km^ and the glacier occupies about 20% of the 
drainage area. 

Several superglacial water streams are formed in the 
ablation zone (Figure 3). The strength of these streams 
increases under normal weather conditions. It. is also 
observed that most of them terminate into moulins, 
crevasses or ponds (Figure 4). At the snout, where the 



Figure 1. Location map of the study area. Glacier catchment area (a) and the snout position of the glacier since 1962 to 1989 (b). 
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Figure 2. Longitudinal profile with bed rock topography numbers showing the surface slope (in degree) of the glacier. Accumulation zone, 
ablation zone and equilibrium line (1989) are also marked in the figure. 



Figure 3. Superglacial water channels in the ablation zone. Arrows 
show the flow direction of water channels, which are seasonal and 
almost frozen in the early winter. 

melt-water comes out along with sediment load, the 
major part of the total amount of discharge at glacier surface 
strongly reflects the amount of subglacial water system. 

The total discharge of this glacier during the summer 
season has been calculated to be 0.88 x 10^ mVday and 
0.83 X lO^m^/day for 1987 and 1988, respectively^ The 
average silt load carried out by the glacier melt-water 
is about 135 ton/day^. 

Glacier profile 

The longitudinal profile of the Chhota Shigri glacier is 


drawn on the basis of the present study. The Chhota 
Shigri glacier is a valley glacier with 80“ slope of the 
valley measured; the bed rock topography is plotted on 
the basis of the calculated ice thickness (Figure 2). The 
entire glacier valley shows well-developed morphologic 
zones, which are described below. 

Accumulation zone 

The accumulation zone covers an area of 5.43 km^. The 
length is about 4 km and the maximum width of 1500 m 
is observed near the equilibrium line. The accumulation 
zone enclosed by high peaks forms an elongated cirque. 
The surface gradient in the elongated cirque around the 
lower topographic level is about 3.8-11°. The upper 
part of the zone is slightly steep and the slope reaches 
up to 21° (Figure 2). The glacier coming down from 
the upper reaches is dislodging the load on the western 
side of the glacier, hence resulting in a smooth but 
large bend in the glacier valley around the equilibrium 
line. The maximum crevasses formations around the 
equilibrium line zone are long and wide, mainly 
transverse-type oriented almost in the east to west direc¬ 
tion, suggesting a bed rock control as a slope break. 

Ablation zone 

The total length of the ablation zone is abo^t 5 km and 
covers an area of 3.32 km^. The surface slope varies 
from 4.5° to 18° (Figure 2). The slope increases gradually 
and becomes steep in the lower part of the ablation 
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Figure 4. Mouline, a vertical hole nearly 30 m deep (measured by 
a nylon rope) in the ablation zone. The superglacial water drained 
into it and formed an englacial water system. 

(15-18°) along with narrowing of the valley, covering 
the snout by debris. Several glaciogenetic features are 
developed, like lateral moraines on both sides, 
supramoraines, glacier tills, glacier tables, ice pillars, 
moulins, crevasses and mud flow, etc. 

Several multi-water-channels flowing all over the 
glacier surface in the ablation zone make surface drainage 
of the glacier fall into deep crevasses and moulins, 
which form englacial drainage system. With the setting 
of winter the surface drainage disappears, finally freezing, 
and becomes a part of the solid glacier. 

Snout 

The present snout of the glacier at a height of 4055.62 m 
is situated about 2.5 km south of the Chandra river 
opposite Chhota Dhara (Figure 1). The first record of 
snout position available for the glacier front is from 
the Survey of India toposheet No. 53H/11 (1962-1963 
edn) on 1 : 50,000 scale. The result shows that the total 
retreat of Chhota Shigri glacier from 1962-1963 to 1984 
is about 165 m, with an average of 7.6 m/yr. During 
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1984-1986 the glacier again retreated at the rate of 2.6 
m/yr^ For the years 1986-1989 the snout position 
measured by EDM survey from the stable reference 
points indicates a glacier retreat of about 7.5 m/yr^. The 
total retreating of glacier snout since 1962-1963 to 1989 
(26 yr) is about 195 m with an average rate of 7.5 m/yr 
(Figure 1). 

Equilibrium line 

The ‘snow line’ or ‘equilibrium line’ is a line which 
separates the accumulation zone from the ablation zone 
and indicates the yearly temperature fluctuations or the 
intensity of coldness with respect to time. This can be 
determined only during the summer when the ablation 
reaches maximum. This ‘snow line’ varies from year 
to year; however, an attempt is made to draw this line 
for 1987, 1988 and 1989. The result obtained in different 
years shows a fluctuating nature, i.e. an altitude of 
4650 m (1987), 4750 m (1988) and 4840 m (1989) MSL 
(Figure 5). 

Morphological features 

A geomorphological map of the Chhota Shigri glacier 
has been prepared on the scale of 1 : 10,000 (Figure 
6). The slope morphometry of the Chhota Shigri catch¬ 
ment as well as of the glacier valley shows that most 
of the morphological features are developed due to 
mechanical weathering related to intense variation of 
temperature. The weathered products have been carried 
down by either the melt-water or as mass flux. The 
prominent features include snow-clad peaks, cirques, 
truncated spurs with snow-off faces, hanging valley, 
conical and pyramidal peaks, crevasses, moraines, till 
deposits, water channels and scree flows (Figure 6). 
Two-thirds of the Chhota Shigri glacier (tongue) is 
covered by surface moraine and debris (Figure 7). The 
moraine near the snout is spread over 0.5 km and thus 
the glacier is entirely hidden under the ground moraines. 
The medial moraines (Figure 8) are represented by 
prominent uplifted glacier surfaces. This feature can be 
observed on the main glacier from equilibrium line to 
snout. The lateral moraines are well developed along 
both sides of the valley. In the present study only 
moraines and crevasses morphology has been taken into 
consideration (Table 2). 

Moraines 

Two principal lateral moraines (Figure 8) are well 
developed along the sides of the glacier. The eastern 
moraine is 4.5 km long, originates at 4750 m near the 
base of a rocky spur from the eastern wall and reaches 
down to 4,100 m. 
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Figure 5. Equilibrium line altitude (ELA) position of the Chhota Shigri glacier, demarked on field in 1987-1989. The AAR value was also 
calculated for mass balance study. These values are positive in 1987 (AAR = 0.73) and negative in 1988 (AAR = 0.59) and 1989 (AAR = 0.39). 


The western lateral moraine is about 4.8 km and 
originates from a spur at a height of 4800 m and extends 
up to 4200 m in a narrow ridge oriented along the 
north-south direction. The area near the equilibrium line 
exhibits extreme fragmentation of glacier surface in 
different blocks, where the intersection of transverse 
and oblique crevasses forms an ice fall controlled by 
the baseline topography. The maximum height of 8-10 m 
occurs over a distance of 1000 m from the snout (4350 
•m), with a slope inclination of 33“. 

Crevasse patterns 

Crevasses are prominent surface features on the glaciers 
and are developed by the deformation of ice. They form 
open fractures in response to the stress field at the 

940 


surface. In the Chhota Shigri glacier, these features are 
mainly developed in and around the equilibrium line 
and lower ablation zone. 

The old crevasses developed near the equilibrium line 
are ‘healed up’ near the middle part of the ablation 
zone and often it is seen that the surface melt-water 
penetrates the ice body along such crevasses and forms 
the subglacial drainage channels. The crevasses in the 
Chhota Shigri glacier show that most of them are 
20-40 m long, confined to the upper ablation zone and 
40-200 m near the equilibrium line. These features are 
oriented mostly in NW and NE directions with a dip 
slope 45-80“. It has been observed that transverse crevas¬ 
ses are predominant over all the parts of the glacier, 
whereas longitudinal crevasses are mainly found in the 
lower part and side of the glacier valley, the radial and 
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Figure 6. Geornorphological map of the Chhota Shigri glacier (after ref. 10). 
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Figure 7. The lower part of the glacier covered with debris. Most 
of the ice appears dirty. The irregular topography is a result of 
differential melting under an uneven mantle of debris. Some of ice 
cliffs (I) are 3-5 m high, several unstable ponds (P) are formed 
(invisible in the present photograph). The glacier is about 1 km wide 
here. The snow is visible on the right comer of the photograph. 



Figure 8. A view of the Chhota Shigri glacier. The background view 
shows the accumulation zone. Medial moraine (M) along with lateral 
moraine (L) can be seen in the picture. Several transverse crevasses 
developed in the ablation zone. 

marginal crevasses are recognized near the snout or 
lower part of the glacier. 

Glacier dynamics 

Ice thickness 

Glaciers are river-like masses of ice, having a uniform 
thickness throughout a certain length. They move in 
relation to gravity and sliding depends on the bed rock 
topography. In the valley glacier the thickness varies 


Table 2. Morphology of the lateral moraines 


Cross- 

section 

Distance from 
snout (m) 

Maximum 
height (m) 

Maximum 
width (m) 

Maximum 
slope (“) 

Eastern 

lateral moraine 




I. 

50 

10.5 

25 

26 

2 

150 

9.5 

25 

22 

3. 

250 

8.5 

18 

24 

4. 

350 

6.5 

20 

16 

5. 

450 

2.0 

10 

5 

Western lateral moraine 




1. 

100 

8.5 

30 

30 

2. 

200 

9.0 

25 

33 

3. 

275 

7.5 

22 

25 

4. 

350 

5.0 

15 

23 

5. 

460 

2.5 

7 

9 


from snout to accumulation zone and depends mainly 
upon the air temperature, solar radiation, precipitation 
and topographic conditions. There are several methods 
available for determination of ice thickness. In the 
present study only gravimetric method is used to calculate 
the ice thickness^“^. 

The residual Bouger values have been utilized for 
computing the thickness of ice at different points on 
the glacier. The thickness calculated varies from 15 to 
130 m from snout to accumulation zone. A contour map 
of ice depth on 10 m intervals confirms that there are 
four prominent bed rock depressions, in which the 
maximum thickness has been calculated (Figure 9). 

The glacier thickness change along the centre line for 
different years shows that changes in the thickness of 
ice are rapid in the snout zone (-4myr"^), gradual in 
the ablation zone (-3 m yr"') and gentle in the accumu¬ 
lation zone (1.5 m yr“‘). This indicates the existence of 
correlation between the thickness and the shape, size 
and slope of the glacier valley in snout, ablation and 
accumulation zones^^. 

Glacier movement 

The flow movement of the glacier along the centre line 
on the horizontal plane has been determined by co¬ 
ordination of the stakes network of the EDM survey. 
The stakes were measured with reference to fixed stable 
points (on hard rock on the side of the glacier valley) 
at 5-15 days intervals* ^ It was found that in the lower 
portion of the ablation zone the horizontal movement 
was 8.4-10.7 cm/d and near the equilibrium line it was 
12.6-14.2 cm/d; however, in the accumulation zone this 
movement rate decreased to 8.8-10.2 cm/d. The data 
show that the glacier moves faster at the upper ablation 
zone than at the lower zone near snout. The slow rate 
of glacier movement near snout is attributed to the fact 
that the glacier always remains in the process of final 
melting and the rapid rate of melting causes thinning 
of the ice, reducing the weight of the ice stream and 
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finally resulting in slow movement. The general flow Ice volume 
direction of the glacier is NNE (Figure 6). 

A contour map of an interval of 10 m thickness (Figure 
9) is considered for calculating the ice volume. The 
areas of different ice thickness blocks were identified 
and measured by planimeter after taking the mean ice 
thickness of a particular block; the total area multiplied 
by the thickness of the glacier giyes the volume of the 
glacier. Considering the density of ice to be 0.9 gm/cm^ 
(because of the firm ice line found at a depth of 1-2 m 
along crevasses, this value is almost negligible compared 
to the ice thickness of about 25-100 m). The volume 
multiplied by density (0.9 gm/cm^) gives the water- 
equivalent. The total ice volume of the Chhota Shigri 
glacier is calculated to be about 636,579 x 10^ m^ (w.eq. 
= 572,921 X 10^ m^). 

Mass balance 

An accurate determination of accumulation and ablation 
by applying the direct glaciological methodwas carried 
out to study the mass balance. Accumulation was deter¬ 
mined by measuring the water-equivalent of annual 
layers in the snow pits and ablation was measured with 
stakes drilled into the ice up to 1 m depth. For obtaining 
the results at each stake (ablation) an isoline was drawn 
on the map. The balance amounts (expressed in m) 
were obtained by multiplying the net mass balance 
values by the corresponding area. For water-equivalent 
the values were multiplied by density (assuming ice 
density = 0.9 gm/cm^). The results pertaining to mass 
balance for the periods 1987-1988 and 1988-1989 are 
given in Table 3. The results show that mass balance 
of Chhota Shigri is negative for each year, i.e. 1.01 x 10^ m^ 
and 1.7xl0^m^ in 1987-1988 and 1988-1989, respec¬ 
tively. 

Conclusions 

The Chhota Shigri glacier lies in the monsoon-arid 
transition zone of the Himalayan mountain system lying 
in the high-pressure belt controlled by the intense heat 
of summer and severe cold of the winter months. The 
migration of pressure and wind systems in different 
regimes is effected by large changes in different months. 


Table 3. Net mass balance data for 1987-1988 and 1988-1989 


Altitude 

(m) 

Area 

(m^) 

1987- 

-1988 

1988- 

-1989 

Volume 

(m^) 

Spec. bal. 
(m) 

Volume 

(m') 

Spec. bal. 
(m) 

4000-4300 

283,200 

-247,233.60 

-0.873 

-236,401.2 

-0.835. 

4300-4600 

1,173,500 

-712,901.25 

-0.608 

-670,919.0 

- 0.572 

4600-4800 

2,093,200 

-490,855.40 

-0.236 

-597,207.4 

- 0.285 

4800-5300 

3,666,200 

+ 438,844.14 

+ 0.117 

-487,606.0 

+ 0.133 



Figure 9, An average ice thickness map of the Chhota Shigri glacier 
(1989), plotted on 10 m contour intervals. Also seen are four bed rock 
depressions in the valley where the maximum thickness was calculated. 
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The precipitation in the form of snow over this region 
in October and early December continues due to 
southeastern monsoon in February and April. The snow 
surface is a moving boundary influencing the fluctuations 
of snow cover. The snow cover influences the atmos¬ 
pheric circulation as increase in albedo leads to colder 
temperatures and excessive snow produces a longer 
cooler period. The late snow in such regions produces 
shorter monsoon rainfall. In the glacier valley in the 
steeper side slopes the snow moves downward due to 
gravity; the energy released by such a process enhances 
the process of rock abrasion, rock frosting, crevasses, 
moraines, etc. 

The fluctuations in the glacier retreat and the associated 
catastrophic imbalances indicate intermittent prolonged 
snow periods which kept the valley environment cooler 
and, hence, longer advancement of snout. The quick 
melting, i.e. negative mass balance, ablation and retreat 
of snout created a cold valley climate to maintain a 
particular level of temperature of the valley as required 
by the environment. Hence, more melting means more 
discharge and more of suspended load in the rivers, 
which create hazards in the plains. 

This type of study in the Himalayas is expected to 


lead to a deeper understanding of the influence on the 
monsoon circulations, fresh water management and 
evolve appropriate set of technologies for regeneration 
of high-altitude Himalayan environment. 
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A calculable quantum capacitance 

N, Kumar 

Raman Research Institute, Bangalore 560 080, India, and Jawaharlal 
Nehru Centre for Advanced Scientific Research, Jakkur, Bangalore 
560 060, India 

The idea of a quantum capacitance is introduced 
explicitly via the generally valid operational definition 
based on the quadratic charging energy. The direct 
quantum capacitance Cq per unit area for a strictly 
two-dimensional metallic bilayer is shown to be 
Unas, where = the Bohr radius. This calculable 
quantum capacitance acts in series with the usual 
classical capacitance = z/ ^Tid^ and is independent 
of the bilayer spacing d, i.e. it has a universal value. 
Thus, in most cases Cq and is, therefore, inef¬ 
fective. However, for the ultrathin bi/multilayers now 
grown routinely epitaxially, as also for the bi/multi- 
iayers inherent to the layered high-Jc superconduc¬ 
tors, we can have Cq < C^i^ making Cq dominant. 
Some possible observable effects are pointed out. 

The direct capacitance C between two bulk conductors 
such as metallic electrodes is defined operationally 
through the charging (0 energy W as given by the 
relation W = Q^/2C = CV^/2. The charging energy W 
is usually calculated as the electrostatic field energy 
stored in the dielectric space surrounding the conducting 
bodies, the electric field being zero inside the bulk 
conductors. However, one must, in principle, also include 
in W the energy associated with the changes in the 
chemical potentials due to charging, i.e. filling up of 
the empty electron (holes) states above (below) the 
Fermi levels of the negatively (positively) biased 
electrodes. Such a consideration is, of course, known 
in the discussion of junction capacitance of an interface, 
e.g. inversion layer, MOS device, p-n diode, Schottky 
barrier, etc. Thus, V must be the electrochemical potential 
difference rather than the purely electrostatic potential 
difference. The densities of states must enter the cal¬ 
culated capacitance. Quite generally, then, 
W s 2V2C = QVQ+QVCq, giving 1/C = 1/C,,+ 
1 /Cq, where is the classical geometrical (or Pois- 
sonian) capacitance associated with the electrostatic 
stored energy, while Cq is the quantum capacitance 
associated with the fmiteness of the available density 
of states at the Fermi level. Thus, the two capacitances 
combine in series, and for Cq » C^.j, as is usually the 
case (shown below), C ~ C^j and Cq becomes ineffective. 
For an ultrathin bilayer, however, the reverse can be 
true. In what follows, we will calculate Cq for the case 
of a metallic bilayer and a metallic bifilar system and 
discuss their possible experimental relevance to some 
ultrathin epitaxially grown multilayers (e.g. S/N super- 
lattices)^ and submicron mesoscopic systems of 
microelectronics^. 


Consider a plane parallel capacitor made from two 
identical 2-dimensional metallic sheets, a bilayer 
separated by a dielectric (e) spacer of thickness d. Let 
the planes of the bilayer capacitor be charged ± Q. The 
electrostatic energy stored per unit area is then 
1 where C^j = e/47i:^ (in Gaussian units). The 

charging energy per unit area for filling up the electron 
(hole) states above (below) the Fermi levels of the 2 
two-dimensional metallic sheets is 


QdQ 1 


o 

to 

II 

1 


where s m/n7f is the density of states/area (count¬ 
ing both spin projection) in two dimensions. Here we 
regard each sheet of the bilayer to be a two-dimensional 
degenerate electron gas (2DEG). Thus, the total charging 
energy is given by W = Q^/2C = Q^/2C^^ + Wp. 
This allows us to identify the quantum capacitance in 
two dimensions: 



/2p 

^ 2 ^ 
e m 


{ ^ 1 

2 

2nlf 

^ J 




where a^ is the Bohr radius. In SI units, Cq is about 
0.5 F m"^. It is large and universal - independent of the 
spacing d. Similarly, for a bifilar system 
Cq° = e^/nHv^ = (oc/tc) (c/Vp), where a is the fme-struc- 
ture constant, c the speed of light, and Vp is the Fermi 
speed. Cq^ is dimensionless and independent of the 
spacing. 

Let us consider briefly some possible experimental 
relevance of quantum capacitance. First, we notice that 
C^/Clf = (2D/Ba^) » 1 in most macroscopic cases. 
Inasmuch as it is in series with the classical capacitance, 
Cq^ is ineffective. However, for an epitaxially grown 
ultrathin bilayer^ with a high dielectric constant spacer, 
we can readily have C^^/C^ ~ 1. This may be realized 
naturally in the bi/multilayers inherent to the high-T^ 
layered cuprate superconductors, e.g, BSCCO, with small 
d-' 1 nm and high E ~ 10. These bilayers should act as 
strip transmission lines with a relaxational characteristic 
impedance defined by the sheet resistance per square 
(which is typically -- (Mott)) and the distributed 
quantum capacitance Cq^. The bifilar quantum 
capacitance Cq° is realized naturally in the YBCO chains. 
Mesoscopic systems, e.g. the quantum dots (small- 
capacitance contacts), should correspond to a zero-dimen¬ 
sional quantum capacitance that should determine the 
Coulomb blockade for the single-electron tunnelling^. 

Finally, it may be noted that the quantum capacitance 
Cq^ involves the density of quasiparticle states at the 
Fermi level and hence must be sensitive to a magnetic 
field normal to the bilayer, giving magnetocapacitance 
because of the bunching of states into degenerate Landau 
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levels'^. The classical capacitance really corresponds to 
the flauband limit. Also, it may be noted that quantum 
capacitance involves a change of the chemical potential 
with change in the electron density and is, therefore, 
related to the compressibility of the electron gas. In a 
real system with electron--electron and electron-ion in¬ 
teractions, however, one would expect corrections to 
(renormalization of) the free-electron gas value calculated 
here. Finally, a technical remark. The present calculation 
refers to the direct capacitance between two conductors 
in isolation. In general, however, the charging energies 
of a system of conductors, with or without a common 
ground, is a bilinear expression in the charges residing 
on the conductors, with a coefficients-of-capacitance 
matrix that determines the self- and the mutual capacitan¬ 
ces, known as the capacity coefficients (diagonal) and 
the electrostatic induction coefficients (off-diagonal), 
respectively^. Our quantum capacitance forms part of 


the self-capacitance. The calculation refers to the simplest 
case of just two oppositely charged identical conductors 
forming a planar or bifilar capacitor — an operationally 
well-defined situation. 
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Lyapunov exponents and predictability of 
the tropical coupled ocean-atmosphere 
system 

A. Anantha Raman, B. N. Goswami* and 
A. Chandrasekart 

Department of Physics and Meteorology, Indian Institute of Technology, 
Kharagpur 721 302, India 

♦Centre for Atmospheric Sciences, Indian Institute of Science, 
Bangalore 560 012, India 

It has recently been proposed that the broad spectrum 
of interannual variability in the tropics with a peak 
around four years results from an interaction between 
the linear low-frequency oscillatory mode of the 
coupled system and the nonlinear higher-frequency 
modes of the system. In this study we determine the 
Lyapunov exponents of the conceptual model consist¬ 
ing of a nonlinear low-order model coupled to a 
linear oscillator for various values of the coupling 
constants. 

Today even with sophisticated computing, complex 
general circulation models and experimental resources 
available, we cannot predict accurately the state of the 
atmosphere. This is due to the existence of an upper 
limit on deterministic predictability of the atmosphere. 
The reasons for the upper limit are that the equations 
governing the atmosphere are nonlinear and the atmos¬ 
phere is characterized by both horizontal and vertical 
gradients of wind, temperature and moisture, which 

^For coirespondence. 


permit hydrodynamical and thermodynamical instabilities 
to grow. The quantitative upper limit for deterministic 
prediction is determined by the growth rates and equi¬ 
libration of the most dominant instabilities. 

The phenomenon of sensitive dependence on initial 
conditions, known as chaos, means that two trajectories 
initially separated by a small value may get vastly 
separated after some time. The Lyapunov exponents 
measure quantities which constitute the exponential diver¬ 
gence or convergence of nearby initial points in the 
phase space of a dynamical system. Thus, when sensitive 
dependence on initial conditions leads to divergent trajec¬ 
tories and, consequently, loss of information, we can 
quantify the rate at which the information is lost through 
these exponents. Lyapunov exponents of a dynamical 
system are one of the invariants that characterize the 
‘attractors’ of the system. Attractors can be thought of 
as a distribution of points in a phase or state space 
characterized by the density of points. The Lyapunov 
exponents are independent of the initial conditions on 
any orbit and thus are properties of the attractor geometry 
and the dynamics^ A positive Lyapunov exponent 
measures the average exponential divergence of two 
nearby trajectories whereas a negative exponent measures 
the exponential convergence of two nearby trajectories'. 
Thus, a positive Lyapunov exponent may be taken as 
a manifestation of chaos. 

Recently, a number of studies on the predictability 
of the atmosphere using coupled ocean atmospheric 
systems have been reported in the literature^"^. Goswami 
and Shukla"^ used classical predictability methods to 
arrive at two distinct time scales for growth of small 
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errors. The slow time scale provides a basis for long- 
range predictability and appears to arise as a result of 
a dominant four-year cycle of the system, while the 
fast time scale appears to arise due to the aperiodicity 
of the system. Krishnamurthy, Goswami and Legnani^ 
have recently proposed a conceptual model for the 
aperiodicity of the interannual variability of the tropics. 
The model consists of a nonlinear system (Lorenz modeT) 
coupled to a linear oscillator. The nonlinear system 
represents some aspects of the general circulation of 
the atmosphere and the equations are the same as those 
of Lorenz^. The linear part represents the dominant 
four-year oscillation of the coupled system arising due 
to unstable air-sea interactions in the tropics and reflec¬ 
tion of Rossby waves from the western boundary^. Due 
to the very large horizontal scale involved, the equatorial 
Rossby number for this phenomenon is small and hence 
may be considered linear. 

The conceptual model may be written as 


X = - Y^-Z^-aX+aF, 

(1) 

Y = XY-bXZ-cY+G + aP, 

(2) 

Z = bXY+XZ-cZ+aQ, 

(3) 

P = - oQ-^Y, 

(4) 

Q = ©P-pZ, 

(5) 


where co is the frequency of the low-frequency oscillator 
with a period of four years, P and Q are the amplitudes 
of the sine and cosine phases of the oscillation and 
a and p are the coupling strengths. The above nonlinear 
system [eqs (1)~(3)] is obtained by rescaling the Lorentz 
system by a factor c as (original values are denoted by 
primes) 

t = t'/c\ X = cX'; Y = cY'\ Z ^ cZ\ 

a = a'c; h ^ F ^ cF'; G = c^G\ 

X may be interpreted as a zonally averaged field while 


Y and Z may be interpreted as amplitudes of the two 
wave components. F is interpreted as external zonally 
symmetric forcing (e.g. solar forcing) while G is the 
zonally asymmetric forcing (e.g. land-ocean contrast). 
We have used c = 0.5 and have retained the same 
values of the unsealed coefficients a = 0.25 and b = 4 
as used by Lorenz. 

The method used in this study is based on the 
algorithm of Wolf et al.^ for the calculation of the 
Lyapunov exponents from a set of differential equations. 
As a test of the code, the Lyapunov exponents for the 
Lorenz convection modelas given in Wolf et al? 
were calculated and had values = 2.1643, 
A .2 = 1.6967x 10'^ and = -32.50. The accepted 
values of the exponents for the Lorenz equations as 
mentioned in Wolf et al.^ are = 2.16, X^ = 0.0 and 
X 3 = - 32.40. 

Having tested the algorithm by computing the expo¬ 
nents for the Lorenz model, we evaluated the same for 
the conceptual model [eqs (l)-(5)]. Table 1 provides 
the values of the five exponents for a coupled case 
(a = p = 0.05) and for various values of F ( 6 , 7, 8 , 9) 
and G (0.125, 0.25, 0.50). The convergence of the 
exponents was checked using the criterion 

< o \ XU, z = 1 , 2 , 3,4,5. ( 6 ) 

The superscript k indicates the index for the march of 
the integration. It was found that for a = 10“^ the 
number of integration marchings required for all the 
various cases were of the order of one lakh or less 
(the time step was one-eighth of a day). All the cal¬ 
culations were carried out in double precision. Con¬ 
sideration of computer time as well as the need for 
accurate values of the Lyapunov exponents led us to 
enforce the following criterion. The integrations were 
terminated when either the criterion in eq. ( 6 ) with 
cr = 10 "^ was satisfied or when the number of integration 
marchings reached a value of 6 lakhs. Since F refers 
to external forcings such as solar insolation, which also 


Table 1. Lyapunov exponents for a = 

P = 0.05 and for different 

values of F and 

G 

F, G 






^3 


> 

"'4 


> 

"5 


6, 0.125 

2.17 

X 

10-® 

-1.57 X 

10-^ 

-1.59 

X 

10-^ 

-2.37 

X 

10-' 

-2.41 

X 

10-' 

7, 0.125 

1.43 

X 

10^ 

1.52 X 

10-^ 

2.12 

X 

10-5 

-1.29 

X 

10-5 

-4.09 

X 

10-' 

8, 0.125 

2.64 

X 

10^ 

6.13 X 

10-^ 

1.40 

X 

10-5 

-5.63 

X 

10-5 

-4.69 

X 

10-' 

9, 0.125 

8.43 

X 

10-^ 

2.60 X 

icr* 

3.23 

X 

10-5 

-1.03 

X 

10-5 

-5-36 

X 

10-' 

6, 0.25 

-4.52 

X 

10-^ 

-1.20 X 

10-" 

-1.27 

X 

10^ 

-1.26 

X 

10-' 

-1.00 

X 

10-2 

7, 0.25 

1.02 

X 

10-^ 

-5.55 X 

10-5 

-6.98 

X 

10-^ 

-3.06 

X 

10--* 

-7.20 

X 

10-' 

8, 0.25 

8.83 

X 

10 -* 

-6.62 X 

10-5 

-7.87 

X 

10-^ 

-2.66 

X 

10-' 

-2.88 

X 

10-' 

9, 0.25 

5.41 

X 

10 -* 

-1.21 X 

10-* 

-1.20 

X 

10-^ 

-1.48 

X 

10"' 

-1.52 

X 

10-' 

6, 0.5 

-1.37 

X 

10 -’ 

-6.22 X 

10-5 

-4.97 

X 

10-^ 

-5.01 

X 

10-' 

-3.22 

X 

10-2 

7, 0.5 

-5.75 

X 

lo-^' 

-9.47 X 

10-5 

-8.44 

X 

10-' 

-8.47 

X 

10-' 

-2.39 

X 

10-2 

8, 0.5 

1.17 

X 

10 -^ 

-4.50 X 

10-5 

-4.14 

X 

10"' 

-5.09 

X 

10-' 

-1.81 

X 

10-2 

9, 0.5 

3.63 

X 

10 -* 

-1.00 X 

10-5 

-1.59 

X 

10-' 

-1.36 

X 

10-2 

-1.81 

X 

10-2 
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changes with time around a year, we have evaluated 
the exponents for different values of F. It is clear from 
Table 1 that for all the four values of F (6, 7, 8, 9) 
and for G = 0.125, the system is chaotic. The same, 
however, cannot be said for the values of F = 6 and 
G = 0.25 as well as F = 6 and 7 and G = 0.5. It is 
also seen from Table 1 that the increase in the value 
of F for a fixed value of G causes more modes with 
positive Lyapunov exponents to appear. Since G refers 
to asymmetric forcings, we also wished to examine the 
behaviour of the system with a different value of G 
(0.125, 0.25, 0.5). It is evident from Table 1 that an 
increase in the value of G for a fixed value of F gives 
rise to a situation where chaos is absent. This is especially 
evident for case of F = 6 when G increases from 0.125 
to 0.5. This is to be expected as it is known from the 
Lorenz model that for such large values of G the model 
has a periodic orbit. The above results where more 
modes with positive Lyapunov exponents manifest for 
small values of G and large values of F seem consistent 
with Lorenz’s observation that the behaviour of the 
atmosphere is analogous to his. model with large F and 
small values of G. 

The coupling of the nonlinear system with the linear 
oscillator is accomplished using the coupling constants 
a and p. Table 2 presents the values of the five 
exponents for F = 7 and G = 0.125 and for different 
values of a (0, 0.05, 0.1) and P (0.0, 0.05, 0.1). One 
would expect that for the uncoupled case 
(a = p = 0.0) atmospheric chaos will prevail. This is 
evident from the appearance of a positive exponent in 
Table 2. With the introduction of coupling 
(a = 0.0; P = 0.05 and 0.1), it is seen that more modes 
appear with positive exponents. This is consistent as 
nonzero P value introduces a low-frequency component. 
The effect of increasing a from 0 to 0.1 for P = 0 
causes all exponents to be negative. For the cases of 
a = 0, P = 0.05 and a = 0; p = 0.1 it was found that 
the number of integration marchings required were of 
the order of one crore. However, it turned out that for 
the cases of p = 0, a = 0, P = 0, a = 0.05 and 
P = 0, a = 0.1 the fourth and fifth exponents assumed 


a value very close to zero (of the order of lO"^®), 
thereby assuming a value higher in magnitude compared 
to the second and third exponents. 

It was felt that a better way of illustrating the variation 
of the Lyapunov exponents with system parameters like 
coupling strengths and strengths of the forcing was 
through figures. Figures 1~4 depict the variation of 
Lyapunov exponents with forcings (F and G) and with 
coupling strengths (P and a). The data for the figures 
were taken from Tables 1 and 2, respectively. A line 
is drawn in these figures (for convenience) connecting 
the values of the exponents; the numbers 1-5 in the 
figures denote the exponents 

In order to deduce the possible role of the particular 
value of CO (4 years), it was decided to run a couple 
of experiments with different values of © (2 and 7 
years) for F = 7, G = 0.125, a = P = 0.05. It is known 
that the broad spectrum of interannual variability in the 
tropics has a peak in the range of 2-7 years and, 
therefore, the above values of © were chosen. It was 
found that the system remained chaotic for © = 2 and 
7 years. However, the number of positive exponents 
were two for © = 2 years and one for © = 7 years. 

For systems whose equations of motion are explicitly 
known determination of the complete Lyapunov spectrum 
is relatively straightforward. The Lyapunov exponents 
may be defined by the phase space evolution of a sphere 
of states. However, efforts to apply this definition numeri¬ 
cally to equations of motion fail since computer limita¬ 
tions do not allow the initial sphere to be constructed 
sufficiently small. This problem is avoided with the use 
of a phase space plus tangent space approach so that 
one obtains always infinitesimal principal axis vectors. 
The remaining divergences of the orthonormal vectors 
are overcome by repeated use of the Gram Schmidt 
reorthonormalization (GSR) procedure on the vector 
frame. Thus, repeated use of GSR allows the integration 
of the vector frame for as long as required for spectral 
convergence. We feel that the calculations carried out 
in double precision with sufficient integration marchings 
should yield robust values of the Lyapunov exponents. 
Since the Lyapunov exponents change in general if the 


Table 2. Lyapunov exponents for F - 7.0, G - 0.125 and for different values of a and p 


a, p 




^4 

X 5 

0 , 0 

0, 0.05 

0 , 0.1 

1.96x10-® 
2.59 X 10-’ 
2.34x10-’ 

-1.82x10-^ 
9.80x10-" 
3.53 X 10-’“ 

-1.82x10-“ 
-3.37 X 10-'“ 
-1.35x10-'“ 

0.0 

-9.12x10® 

-9.12x10® 

0.0 

-9.12x10® 

-9.12x10® 

0.05, 0 

0.05, 0.05 
0.05, 0.1 

1.14x10-® 
1.43x10-® 
7.57 X 10-® 

-1.57x10-“ 
1.52x10-“ 
-2.28 X 10-® 

-2.04x10-“ 

2 . 12 x 10 ®' 

-1.29x10® 

0.0 

-1.29x10® 

-1.58x10® 

0.0 

^.09 X 1(7“ 
-3.42x1(7“ 

0 . 1 , 0 

0.1, 0.05 

0 . 1 , 0.1 

-4.35 X 10-’ 
5.77 X 10-® 
7.68 X 10-® 

-9.89 X 10-“ 
2.01 X 10-® 
-6.59x1(7® 

-3.45 X 10-“ 
-1.11 X 10® 
-6.60x10® 

0.0 

-1.72x1(7® 

-1.37x10-“ 

0.0 

-3.43 X 1(7“ 
-1.41 X 1(7“ 
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Figure 1. Variation of the Lyapunov exponents with F for 
a = (3 = 0.05 and G = 0.125. 



Figure 2. Variation of the Lyapunov exponents with G for 
a = p = 0.05 and F = 7.0. 



Figure 3. Variation of the Lyapunov exponents with p for a = 0.05, 
F = 7.0 and C = 0.125. 



Figure 4. Variation of the Lyapunov exponents with a for P = 0.05, 
F = 7.0 and G = 0.125. 


forcing values are changed, we have examined the 
system with varying values of forcing. This is akin to 
looking at the behaviour of the system at different 
periods of the year, where one may assume that the 
values of the forcing are more or less constant within 
each of the individual periods. We have obtained the 
result that for some values of F and G the computed 
exponents are positive while for some others they are 
negative. The interesting consequence of such a result 
is that if the model imitates the behaviour of the coupled 
ocean-atmosphere system, then the system is not always 
chaotic but, in fact, becomes one for some conditions 


which are controlled by the forcings. Thus, if we examine 
the coupled system behaviour over a period of one year 
(the same being the periodicity of the forcings), then 
the system is stable for some parts of the year while 
for some other it behaves chaotically. This is exactly 
the cause of the unpredictability of the atmosphere. 
There is evidence"* that the tropical coupled system is 
most unpredictable during boreal spring and most pre¬ 
dictable during boreal winter. Even though for part of 
the forcing period (e.g. part of the annual cycle) the 
system is not chaotic and may be predictable, when it 
passes through the period of the forcing where it is 
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chaotic, any two nearby similar trajectories are thrown 
apart. This introduces loss of predictability even for the 
low-frequency component. 
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Possibility of usage of return maps to 
predict dynamical behaviour of lakes: 
Hypothetical approach 

B. S. Daya Sagar and B. S. Prakasa Rao 

Centre for Remote Sensing, Department of Geo-Engineering, Andhra 
University, Visakhapatnam 530 003, India 

In this article, we show how one-dimensional maps 
can be useful in analysing experimentally the 
dynamics of lake systems. We illustrate this by means 
of hypothetical lake systems. 

One of the ways to make a complex system easier to 
analyse is by reducing the system to a simple system 
that still captures the important features of the original 
system. As the theory of one-dimensional (l-D) maps 
is well developed in several fields it will be useful 
if an appropriate l-D map can be constructed from the 
system under study. In this communication, we 
demonstrate how an approximate l-D map can be used 
to analyse the dynamical behaviour of some simulated 
hypothetical lakes. The first-order difference equations 
and the general conditions of the water bodies, and the 
logistic map analysis for various possibilities are 
hypothetically described in successive sections. 

A treatise by May* lucidly explained the role of the 
first-order difference equations, dynamical properties and 
bifurcation generations in the application of ‘simple 
mathematical models with very complicated dynamical 
systems’. 

The difference equation can be used for studying a 
dynamical system as a water body at different time 
intervals. It is represented as 

( 1 ) 

where and are the populations (pixel population 
in water body) of a natural system at time periods t and 
1, respectively. It indicates that output becomes an input 
feedback, and hence an iterative process. The following 
expression shows the relation between and X^^{. 
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= (2) 

The magnitude of population at a definite time in a 
natural system is related to the magnitude of the popula¬ 
tion in the preceding generation. This can be represented 
applying the first-order difference equation = 

XX^(] - Xj), or X^^, = XX^-XX^, in which the first 
term is linear and the second nonlinear. In this equation 
the term X will give an idea about the magnitude of 
variation. This equation defines an inverted parabola 
with intercepts at X^ = 0 and 1, and a maximum value 
of X^^j = X/4 at X^ = 0.5. If X > 1, it is* an indication 
that the population growth rate is increasing. The 
parameter X gives the entire description of the system. 
The steepness of the inverted parabola in the logistic 
map depends on If < 1, the population death rate 
is said to be increasing. The strength of nonlinearity 
explains the temporal changes in the dynamical system. 
Till a certain degree of magnitude of nonlinearity, the 
growth in areal extent of the water body will be attracted 
to the equilibrium stage specific to that level of non¬ 
linearity. For a magnitude range X = 3.57-4, the dynami¬ 
cal system shows chaotic behaviour, revealing that the 
areal extent of the water body is repelling. All the 
parameters in the difference equation should be such 
as to fix the linear term to between 0 and 1, and the 
strength of nonlinearity' to between 0 and 4, failing 
which the areal extent tends to become extinct. The 
graphic analysis explains that the normalized status of 
a* dynamical system as water body if starting at larger 
than 1, it immediately goes negative and becomes extinct 
at one time step. Moreover, if ^ > 4, the hump of the 
parabola exceeds 1, thus enabling the initial population 
near 0.5 to become extinct in two time steps. Therefore, 
there is a need to restrict the analysis' to values of 
X between 1 and 4 and values of Xq between 0 and 1. 
As the areal extent X^^ of the water body is small (much 
less than 1 on a normalized scale, where 1 might stand 
for any number such as 1 million km^), the nonlinear 
term can initially be neglected. Then the areal extent 
at time step (year) t = 1 will be approximately equal 
to X Xq. Figure 1 shows a logistic model and its essential 
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Trajectory 



Normalized population 


Conditional bi-sectrix 
line, 45®angle 

J[l(a)=dF/dX/X’^( Slope at X*) 

Parabola constructed through 
iteration of the first order 
difference equation- 


Figure 1. Logistic map and its essential parameters. 


parameters. The fixed point is the eigenvector (slope), 
X(a) = (dF/dX)/X', of the bisectrix point of 45** line at 
X' and determines the local stability of the fixed point 
F(X) = X; fixed point X(a) < 1 (Figure 1). If the slope 
of F at X' lies between 45'* and ~45\ then X(a) < 1, 
and the fixed point is locally attracting. As the slope 
steepens beyond -45°, X(a) > 1, and the fixed point 
becomes repelling. 

Using these return maps, a qualitative understanding 
of the dynamics of the logistic maps without performing 
any calculations can be done^’^. It is intended to use 
these logistic maps to predict the successive values of 
the areal extent in lakes (population of pixels in discrete 
space). These logistic maps can be constructed using 
the first-order difference equations. The water body 
dynamics can be explained through a single logistic 
map rather than through conventional algebraic analysis. 
By tracing the trajectories, it is easy to know how the 
water body areal extent fluctuates with time. 

As lakes exhibit fluctuations, there is a need to classify 
them according to their dynamical behaviour from stable 
to unstable to apparently random fluctuations. The mag¬ 
nitude of variation between fixed time intervals is an 
important parameter for studying the dynamics of a 
particular system. The water body dynamics vary with 
time and physiography. Conceptually, the water bodies 
which exhibit fluctuations within seasons may also show 
variations at annual intervals. This may be confirmed 
by approximating lake behaviour within the seasons and 
at annual intervals by return maps. The logistic model 
approaches the problem of quantifying lake behaviour 
from two directions: (i) assessment of external distur¬ 
bances and (ii) the rate of change in areal extent. 

Therefore, it is important to develop a mathematically 
derived model for a better understanding of the role of 
the significant parameters and their quantification in 
terms of decrease in areal extent of lakes. Thus, some 
water bodies may behave chaotically; some others are 
attracted either to initial conditions or to a fixed point 


(equilibrium stage). The decreasing areal extents of water 
bodies when represented in return or logistic maps attract 
all the trajectories towards initial status. 

The prime reason for retrogression of a natural system 
towards initial conditions, say behind X^, can be quantified 
through logistic maps. This retrogression of a natural 
system towards its initial status as exemplified by popula¬ 
tion (natural system) decrease due to deceases (factor)\ 
can be represented by two aspects in two logistic maps, 
one showing population (natural system) decrease and 
the other intensity of decrease or the factor. Similarly, 
the areal extents of many lakes and water spread decrease 
periodically due to meteoro-geophysiographic conditions. 

Fluctuations in areal extents of some water bodies 
are very high and hence unpredictable, and stability is 
a very rare phenomenon. These fluctuations in water 
body areal extent can be quantified by means of logistic 
equations and return maps. 

This method of deducing the system’s behaviour needs 
the following parameters: areal extent at specified time 
intervals and the strength of nonlinearity (X.). To fit a 
logistic map to a set of observations X^, X^^ p ..., X 
would be estimated by plotting versus X^ in order 
to get the curve X^^^ = XX^(1 -X^) (personal communica¬ 
tion, May and Lloyd, 1994). 

In a return map representing the behaviour of fluc¬ 
tuations of areal extents in lakes which are being 
eutrophied with time, trajectories are attracted towards 
initial conditions (areal extents will decrease with time). 
By contrast, in lakes where no fluctuations are recorded, 
trajectories will be attracted to a fixed point (stable in 
nature). 

A natural system like water bodies behave differently 
in different seasons. Water bodies represented seasonally 
in logistic maps show their pixel population progressing 
towards equilibrium and hence trajectories are also at¬ 
tracted towards equilibrium point during monsoon, 
whereas during summer the pixel population is attracted 
towards initial status. Thus, trajectories may be attracted 
towards equilibrium point or they may repel. These 
fluctuations can be identified as different levels of the 
strength of nonlinearity. 

In logistic maps the magnitude of variation or the 
strength of nonlinearity (X) between initial and final 
values can be represented in terms of X^ and X^^p areal 
extents of water body at time t and 1. Generally, 
the water bodies tend to show changes in areal extents 
at annual intervals. If X^ is the initial value, the changes 
during successive years, X^^p , X^^^, can be 

determined by temporal evaluation. A similar methodo¬ 
logy can be applied for measuring the areal extent 
during any specific season (summer, rainy or winter 
seasons). 1 

As the strength of nonlinearity of a system increases, 
the behaviour becomes more and more unpredictable. 
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The amount of nonlinearity is said to be high when 
the ratio between and is high. As the variation 
in water bodies is a natural phenomenon, occurring 
through ages, it is essential to assess its magnitude 
in temporal sequence. The highest magnitude of variation 
can possibly occur in water bodies (due to many factors) 
at specified time intervals t and r + 1, provided the areal 
extent at time t is near zero and that at t+1 is at its 
equilibrium state. The reverse phenomenon, i.e. where 
t has a definite value at r + 1 becoming zero may also 
occur. It is essential to fix the parameter representing 
the amount of nonlinearity X to between 1 and 4 to 
construct the one-dimensional return map and to quantify 
the dynamical behaviour of a nonlinear lake system. 
For values of X < 1 the areal extent always decreases 
to 0 (as shown for X = 0:92 in Figure 5 b). The inter¬ 
section of the parabola with the 45“ line at = 0 
represents a stable fixed point on the maps. However, 
for X > 1 (as shown in Figures 4 a, 4 b, 6 a and 6 c) 
this fixed point becomes unstable. Instead, the parabola 
now intersects at X = (X-l)/X, which corresponds to 
a new fixed point. 

The strength of nonlinearity should always lie between 
1 and 4 for representation in logistic maps, all the 
natural systems, including water bodies, reaching equi¬ 
librium. Alternatively, two cases exist: (a) if 
0 < X < 1, the water body is attracted towards initial 
conditions and (b) hypothetically, if X > 4, the water 
body reaches extinction. The former can also be repre¬ 
sented logistically. Figure 2 shows the strength of non¬ 
linearity (X) of three different hypothetical lakes, 1, 2, 
3, where the strengths of nonlinearity X^ > X^ > Xy 
Thus, the logistic maps aid in the comparison of lake 
behaviour in temporal sequence. 

Temporal satellite data are of significant use in studies 
on natural systems as water bodies as they show fluc¬ 
tuations conforming to nonlinear mode. They offer synop- 


Hypothetic 
al lakes 

Xt 


.. 

A 

1 

• 

m 


2 


m 

^2 

3 

m 

m 

^3 


Ai > ^2 > ^3 


Figure 2. Involvement of the population of water body pixels at 
different time periods and its strength of nonlinearity. 


tic coverage revealing the quantitative involvement of 
relevant factors and are also available at short time 
intervals. The simplified mathematical models based on 
the first-order difference equations can be adopted with 
remotely sensed data to quantify the lake behaviour. 

Different possibilities have been discussed with refe¬ 
rence to hypothetical lakes and their possible behaviours 
are also approximated in terms of return maps. 

Figure 3 represents different possibilities of water 
bodies in different seasons. The magnitude of variation 
in Figure 3 a is computed considering the water body 



Figure 3. Conceptual cycle of water body behaviour of different 
regions. 
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1 


Xt+1 


0 

0 Xt 10 Xj 10 Xt 1 

Figure 4* The return maps constructed by taking the areal extents 
from the possibilities given in Figure 3 and the computed strength of 
nonlinearity into account. and are populations of the water 
bodies at peak summer and peak rainy season, respectively. 









NOT TO SCALE 

Figure 5. The hypothetical water bodies at time t and t + \ of two 
different years, a, the magnitude of variation is > 3.8; and b, magnitude 
of variation is < 1; and c, the amount of nonlinearity is exactly 2. 





Figure 6. Return maps plotted. 


areal extents at peak summer {X) changing via 
during the advent of monsoon to at the end of 
monsoon. The trajectory during this course is attracted 
to a fixed point (Figure 4 a). Reverse course is possible 
because of seasonal cycle. The areal extent of the water 
body at peak rainy season is and at peak summer 
is with intermediate X^. during start of summer; 
the trajectories in the return map will be attracted to 
initial conditions. 

In Figure 3 b, the magnitude of variation is less than 
in the first case, as the trajectory is attracted to a fixed 
point (X') (stable) (Figure 4 b). In Figure 3 c the amount 
of nonlinearity is exactly 1. This indicates that all the 
trajectories are attracted to a fixed point (Figure 4 c). 
Such types of water bodies are very stable in nature. 

Figure 4 shows the return maps constructed by taking 
the areal extents from the possibilities given in Figure 
3 and the computed strength of nonlinearity into account. 
X^ and X^^j are the populations of the water bodies at 
peak summer and peak rainy season, respectively. 

Similar studies can also be carried out at annual 
intervals with the help of quadratic maps, to find out 
the lake’s behaviour. Figure 5 shows the hypothetical 
water bodies at times t and r-Hl of two successive 
years. In Figure Sa, b and c the magnitude of variations 
are assumed as > 3.8, < 1 and 2, respectively. 

Generally, in eutrophied lakes, areal extent reduces 
with time as shown in lakes of Figure 5 b. In Figure 
5 fl, the increase in areal extent is represented hypotheti¬ 
cally. Figure 6 shows the quadratic maps of the areal 
extent fluctuations in the model lakes of Figure 5 a, b 
and c due to the given possibilities. 

The magnitude of variation in water bodies is very 
high (Figure 5 a). Trajectories behaviour, being random, 
is unpredictable as shown in the logistic map with 
A, = 4 (Figure 6 a), whereas in the other logistic maps, 
the trajectories are attracted towards initial conditions 
(Figure 6 b) and to equilibrium point (Figure 6 c), respec¬ 
tively. 

If more data over a longer time period, sampled at 
more regular intervals, are obtained, the experimentally 
constructed return map can be examined by plotting the 
data as X^^j versus X^. This resembles the logistic map, 
in which case such maps can be fitted and used to 
make predictions. On the other hand, such a simple 
map fails to capture the complexity of the system. 

Simple mathematical models like the first-order dif¬ 
ference equations (logistic equations) are helpful in 
quantification of seasonal and temporal behaviour of 
water bodies. Certain possibilities with reference to lake 
behaviour are illustrated hypothetically in this short note. 
It would be very interesting if the data on changing 
-areal extents are obtained over a longer time period, 
sampled at more regular intervals to observe the validity 
whether or not the logistic model conforms to the 
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behaviour of natural lakes. This logistic model approach 
will be of use in segregating lakes according to their 
behaviour. The accuracy and validity of the logistic 
model approach to predict the dynamical behaviour 
depends mainly on the computation of the strength of 
nonlinearity. 
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Petrogenesis and tectonic setting of 
Malani rhyolites: Evidence by trace 
elements and oxygen isotope composition 

A. Maheshwari, M. Coltorti’ and A. N. Sial^ 

Department of Geology, University of Rajasthan, Jaipur 302 004, India 
^Istituto di Mineralogia, Dell Universita, Ferrara, Italy 
^Department of Geology, UFPE, Recife, Brazil 

The trace element and oxygen isotope studies of 
Malani rhyolites from Gurapratap Singh and Diri 
area, district Pali, Rajasthan, indicate rift-related, 
within-plate nature of these rhyolites. The rhyolites 
have probably been derived by partial melting of 
crustal rocks. 


The Malani volcanism marks a late proterozoic tecto- 
nomagmatic event over an area of 50,000 km^ in western 
and southwestern Rajasthani The rocks are exposed in 
isolated hills and ridges and are characterized by a 
preponderance of rhyolitic rocks over the intermediate 
and basic rocks. The present communication describes 
in brief the results of trace element and oxygen isotope 
studies of Malani rhyolites from Gurapratap Singh and 
Diri area, district Pali, Rajasthan (latitude 25'’35-25"40'N 
and longitude 73-73“ lO'E). The study volcanics are 
confined to hill ranges running E-W to NE-SW in 
semiarcuate fashion and have been extruded on a base¬ 
ment of argillaceous rocks belonging to the Aravalli or 
Delhi Supergroup. 

The rhyolites from Gurapratap Singh and Diri area 
are fine-grained/glassy and sparsely phyric^ The 
phenocrysts are mainly of plagioclase feldspar and quartz. 
» The presence of devitrified glass shards, angular 
phenocrysts of feldspar and collapsed pumice fragments 
indicates tuffaceous nature of these volcanics^, though 
a few true rhyolite flows have also been encountered 
in the area. 


Table 1. Major (wt %) and trace element (ppm) analyses, CIPW 
norms and oxygen isotope composition of Malani rhyolites from 
Gurapratap Singh and Diri, Pali district, Rajasthan. Major element 
data are from Srivastava et al.^ (Wk-whole rock; Qtz —quartz 
mineral separate) 



D41 

G151 

G25 

G24 

Si02 

73.08 

75.11 

75.11 

76.56 

TiOj 

0.2 

0.22 

0.17 

0.03 

AlA 

14.85 

12.91 

14,30 

13.44 

FejOj 

1.14 

1.63 

1.64 

0.57 

FeO 

0.72 

0.2 

0.12 

0.4 

MnO 

0.05 

0.03 

0.01 

0.01 

MgO 

0.08 

0.2 

0.19 

0.19 

CaO 

0.8 

1.3 

0.85 

0.32 

Na^O 

3.05 

2.7 

2.35 

0.55 

K^O 

5.0 

4.4 

3.65 

7.0 

PA 

0.09 

0.03 

0.02 

0.0 

LOI 

0.8 

1.2 

0.6 

0.0 

Total 

99.86 

99.93 

99.01 

99.07 

Rb 

224 

220 

136 

332 

Ba 

501 

402 

949 

582 

Sr 

85 

63 

41 

14 

Zr 

242 

196 

158 

65 

Th 

28 

26 

17 

18 

Y 

79 

110 

65 

111 

Nb 

19 

19 

15 

17 

La 

56 

68 

32 

29 

Ce 

139 

138 

65 

47 

V 

5 

15 

7 

6 

s 

2.61WR 


9.19Qtz 

11.94WR 

CIPW norms 





q 

34.80 

39.66 

44.10 

45.54 

or 

29.47 

26.13 

22.24 

41.14 

ab 

25.68 

22.53 

20.96 

4.72 

an 

3.06 

6.39 

4.17 

1.67 

c 

3.26 

1.33 

4.59 

4.39 

hy 

0.46 

0.50 

0.50 

0.76 

mt 

1.61 

- 

- 

0.70 

hm 

- 

1.60 

1.60 

- 

il 

0.30 

0.50 

0.30 

- 

ap 

0.23 

- - 

- 

— 
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The trace element analyses were done by XRF using 
a Philips PW 1400 spectrometer on powder pellets 
according to international recommended methods^’at 
Istituto di Mineralogia, Dell Universita, Italy. The oxygen 
isotope determinations were made at Labise, UFPE, 
Brazil. The experimental data are reported in the standard 
s notation, with all data reported relative to SMOW. 
NBS 28 was used as a standard reference material and 
is defined as + 9.60 per mil SMOW. 

The major, trace and oxygen isotope data are presented 
in Table 1. The rhyolites are characterized by diagnostic 
features of A-type (anorogenic) granitoids^’i.e. high 



Y ( ppm ) 


Si02, YLfi/Nsifi, Fe/Mg, Nb and Y contents and low 
CaO and Sr contents. The peraluminous nature of 
rhyolites is manifested by the appearance of normative 
corundum (up to 4.59). The alkali content in rhyolites 
ranges from 6 to 8.05%, though one of the rhyolites 
(G24) had a high K 2 O content (7%). 

On the Nb vs Y and Rb vs Nb + Y tectonic dis¬ 
crimination diagrams^, the rhyolites fall in the field of 
within-plate granites (Figure 1). Utilizing the multiele¬ 
ment spiderdiagram (Figure 2), the within-plate character 
of these rhyolites is emphasized. Rb and Th are sig¬ 
nificantly enriched relative to Nb. The rhyolites show 



Figure 1. Distribution of Malani rhyolites on the Nb-Y and Rb-Nb + Y tectonic discrimination diagrams of Pearce et alJ. WPG - within-plate 
granite; VAG-volcanic-arc granites; SYN-COLG - collision granite; ORG - ocean-ridge, granite. 



Figure 2. Normalized incompatible element abundance pattern for the Malani rhyolites G151 (•) and D41 (O). Primordial mantle data for 
normalization are from Wood et alP. 
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a feature typical for rift-related granitoids, namely, the 
presence of a pronounced negative Ba anomaly and a 
general increase in normalized abundance from Y to 
Rb. Such enrichment of rhyolites in Rb, Th and Ce 
may be attributed to crustal involvement in their genesis . 

Oxygen isotope analysis is a comparatively unam¬ 
biguous means of separating the relative contribution of 
crust and mantle. Most continental granitic rocks have 
s values between + 6 and + 9 per mil. Low s ^^0 
values (< 6 per mil) in granitic rocks are produced by 
interaction with large hydrothermally convecting reser¬ 
voirs of meteoric water; high s ^*0 values (> -i- 9 per 
mil) are generally assumed to be produced by melting 
or massive assimilation of high s crustal rocks^^. A 
high-temperature hydrothermal process may result in the 
lowering of whole rock s however, the quartz s 
would not deviate and hence may be used to correct 
whole-rock s '^0 in such cases. 

Oxygen isotopic compositions of study rhyolites are 
presented in Table 1. As the studied rhyolites are sparsely 
phyric, only one sample could be analysed for its quartz 
s The lower whole-rock s of one sample (D41) 
may be attributed to high-temperature hydrothermal solu¬ 
tions acted on these rhyolites. The quartz s ^^0 of one 
sample gave a value of 9.19 per mil, indicating the 
extensive interaction with s ‘^ 0 -rich supracrustal rocks 
during the generation of these rhyolites. Interestingly, 
these rhyolites at places are underlain by argillaceous 
rocks. 

To conclude, the Malani rhyolites from Gurapratap 
Singh and Diri area are chemically equivalent to A-type 
granites. They have chemically patterns similar to rift- 
related, within-plate granites and rhyolites. Most 
probably, rhyolites were formed by partial melting of 
crustal rocks at elevated temperatures. The conclusion 
is in agreement with the views expressed by earlier 
workers ’ \ A detailed paper on the petrogenesis of 
these rhyolites is under preparation. 
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An alkaline lamprophyre (Camptonite) 
from Ravipadu, Prakasam province, 
Andhra Pradesh, India 

J, Ratnakar, K. Vijaya Kumar, D. V. Rama Krishna 
and V. Nagsai Sharma 

Department of Geology, Post-Graduate College of Science, Osmania 
University, Saifabad, Hyderabad 500 004, India 

An alkaline lamprophyre (camptonite) dyke cuts 
across, and extends beyond, the sub-alkaline gabbro 
pluton of Ravipadu in the Prakasam province of 
Andhra Pradesh, India. The rock is characterized by 
porphyritic and panidiomorphic textures with 
phenocrysts of olivine and clinopyroxene that are set 
in a mesostasis of clinopyroxene, olivine, biotite and 
plagioclase. When compared to average alkaline 
lamprophyre and camptonite, the lamprophyre of 
Ravipadu has higher amounts of SiOj and MgO, 
similar amounts of Al^Oj, CaO, Na20 and K^O, and 
lesser amounts of Ti02 and P^Og. The rock 

is ‘sodi-potassic’ and alkaline in character. The rock 
is enriched in Cr, Ni and Ba and depleted in V, Zn, 
Sr, Y, Zr and Nb; it has very low contents of U, Th, 
Pb, Ga, Cu and Sc, and moderate of Co and Ta. The 
lamprophyre is enriched in LREE and depleted in 
HREE [(La/Lu)j, = 17.86; (CeA^b)j, = 9.27]. Based on 
olivine liquid exchange equilibria it is deciphered 
that the lamprophyric magma was in equilibrium with 
an olivine of Fog^ ^ with liquidus temperature of 1277‘’C, 
The lamprophyre was possibly derived from the host 
gabbro as a late-stage differentiate. 

Lamprophyres represent the latest magmatic event in 
the Prakasam province of Andhra Pradesh^ They cut 
across the alkaline plutons of Elchuru^, Settupalle^, and 
Purimetla"^ and sub-alkaline (tholeiitic) gabbro pluton of 
Kellampalle^. The present report deals with a new 
occurrence of lamprophyre cutting across, and extending 
beyond, the sub-alkaline (tholeiitic) gabbro pluton of 
Ravipadu (79‘‘47'13"E; 15°29'49"N) in the Prakasam 
province. 

The lamprophyre, trending NS with a dip of 85“E, 
occurs as a dyke (18 m long and 0.3 m wide) at a place 
3.2 km SW of Ravipadu.* It has sharp contacts with host 
gabbro and amphibolite, and is devoid of chilled margins, 
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contact metamorphic effects and ocellar structures^. The 
dyke is mineralogically homogeneous without any change 
in texture (trivial heteromorphism^). The rock is char¬ 
acterized by pitted weathered surfaces due to weathering 
of phenocrysts of dark minerals. 

The lamprophyre is melanocratic, fine- to medium¬ 
grained and compact. Under the microscope it exhibits 
porphyritic, glomeroporphyritic and panidiomorphic tex¬ 
tures characteristic of (but not exclusive to) lamprophyres. 
Phenocrysts of euhedral clinopyroxene and subhedral 
olivine are set in a medium- to fine-grained mesostasis 
of subhedral to anhedral olivine, clinopyroxene, biotite 
and plagioclase; opaques and apatite occur as accessories 
(Table 1 ). The mineral assemblage complies with the 
definition of camptonite and the rock belongs to the 
‘alkaline lamprophyre (AL) branch’^. 

The phenocrystic clinopyroxene is purple in colour 
(titanaugite), conspicuously zoned, moderately corroded 
and carries inclusions of plagioclase and opaque minerals; 
the groundmass clinopyroxene is also purple in colour 
but lacks other features shown by the first-generation 
(phenocrystic) clinopyroxene. Olivine phenocrysts exhibit 
corona structure with successive (discontinuous) rims of 
amphibole (Isymplectite); the mineral is occasionally 
altered to pseudomorphs of iron oxides. Subhedral plagio¬ 
clase is restricted to the groundmass and shows strong 
zoning. Subhedral (brown) biotite, anhedral olivine and 
traces of apatite are closely associated in the matrix. There 
is a selective alteration of minerals in that the groundmass 
is relatively more altered than the phenocrysts^ ^ 

The mineral assemblage of lamprophyre is primary 
and in equilibrium. The combination of (mesostasis + 
phenocrysts + abundant H 20 /C 02 -rich minerals) in the 
lamprophyre represents a frozen sample of (melt + 
suspended crystals + volatile phase) - a uniquely com¬ 
plete magma system^. Although phenocrysts in a 
lamprophyre are believed to represent rapidly grown 


Table 1. Modal composition (vol.%) of the lamprophyre of 
Ravipadu 


Modal mineralogy* 

R120 

1 

Olivine 

5 

<10 

Clinopyroxene 

40 

20-50 

Amphibole 

Nil 

20-50 

BiotitieVphlogopite 

20 

2-30 

Plagioclase VK-feldspar 

30 

25-50 

Feldspathoid 

Nil 

<15 

Opaques 

5 

Nil 

Garnet 

Nil 

<5 

Apatite 

Trace 

Nil 

Glass 

Nil 

<30 

Colour index 

70 

Meso-Mela type 

Type 

Camptonite 

Alkaline lamprophyre 
(Camptonite/Monchiquite/ 
Sannaite) 


*Phenociyst and groundmass not discriminated. 

^Present in the lamprophyre of Ravipadu; R120 = lamprophyre of 
Ravipadu; 1 = general range in alkaline lamprophyres^. 


crystals within a volatile-rich medium having minimum 
silicate-melt component^, the presence of conspicuous 
coronas around olivine and strong zoning in the 
clinopyroxene of the lamprophyre of Ravipadu affirm 
that they are liquidus phases in the melt rather than 
rapidly grown crystals. 

Chemical analysis of the sample was carried out at 
NGRI, Hyderabad. Major elements (except Na^O) were 
analysed on XRF (Philips PW 1400, Holland) using 
fused beads. Na 20 was determined using pressed pellets. 
FeO was determined by titration. Trace element (includ¬ 
ing REE) analysis was carried out on ICP-MS (VG 
plasmaquad, UK); solutions were prepared using standard 
HNO 3 -HF-HCIO 4 acid decomposition method. Major 
elements have an analytical uncertainty of 1 ~ 2 % and 
trace elements 3-5%. The whole-rock major element 
composition and CIPW norm of the lamprophyre, together 
with those of average alkaline lamprophyre and 
camptonite^ are given in Table 2. Trace element (includ¬ 
ing REE) abundances of the lamprophyre and those of 
average alkaline lamprophyre and camptonite are given 
in Table 3. The lamprophyre of Ravipadu is of ‘sodi- 
potassic type’ (generally lamprophyres range from ‘sodic’ 
to ‘potassic’ types^). The presence of nepheline and the 
absence of acmite in the norm of the lamprophyre (Table 
2 ) testify to silica-undersaturated and alkaline, but not 
peralkaline or lamproitic, nature^. The norm (Ab + Or -+■ 
An + Ne + Di) is suggestive of alkali basaltic affinity of 
the rock. The lower Mg number (60) could be due to 
olivine fractionation prior to the emplacement. Major 
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Table 2. Major element composition (wt%) and CIPW norm of | 

the lamprophyre of Ravipadu ^ 



R120 

1 

2 1 

eri- 

illtS 

be 

SiOj 

TiOj 

46.94 

42.5 

43.3 J 

1.42 

2.9 

2.9 i 

no- 

AI 2 O 3 

14.49 

13.7 

14.2 


2.43 

12.0' 

11.0' ; 


FeO 

8.56 

— 

- ; 

as- 

MnO 

0.2 

0.2 

0.19 

mai 

MgO 

8.92 

7.1 

6.4 1 

efi- 

CaO 

9.14 

10.3 

9.9 i 

the 

Na20 

3.75 

3.0 

3:0 i 

Kfi 

2.07 

2.0 

2.1 

)39 

PA 

0.34 

0.7 

0.7 

this 

LOI 

1.91 

5.3 

5.3 

ion 

Total 

100.17 

99.7 

99.7 

tat. 

CIPW norm 

Or 

12.25 

12.41 

11.80 

re- 

nu- 

Ab 

14.53 

12.61 

9.41 


An 

16.58 

19.08 

18.03 

ak- 

Ne 

9.32 

6.92 

8.65 

;his 

Di 

21.52 

20.80 

23.03 


01 

17.05 

11.93 

12.65 


Mt 

3.52 

2.52 

2.62 


11 

2.70 

5.51 

5.51 


Ap 

0.81 

1.65 

1.75 



R120 = lamprophyre of Ravipadu; 1 = average alkaline lamprophyre^; 
2 = average camptonite^; t = total iron as Fe 203 . 
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Table 3. Trace element abundances (ppm) in the lamprophyre of 
Ravipadu 



R120 = lamprophyre of Ravipadu; I = average alkaline lamprophyre^; 
2 = average camptonitel 

element composition (Figures 1 a and b) and norm 
(Figure 1 c) inextricably link the lamprophyre to the 
alkaline group. Compared to average alkaline 
lamprophyre and camptonite (Table 2), the lamprophyre 
of Ravipadu has high amounts of Si 02 and MgO, similar 
amounts of AI 2 O 3 , CaO, Na^O and K^O, and low amounts 
of Fe 203 (total iron as Fe 203 ), Ti 02 and P 2 O 5 . The total 
alkali content (5.82 wt%) in the rock is slightly more 
than that in the average alkaline lamprophyre and 
camptonite (both have 5%). 

The lamprophyre of Ravipadu is enriched in Cr, Ni 
and Ba, and depleted in V, Zn, Sr, Y, Zr and Nb 
relative to average alkaline lamprophyre and camptonite. 
It has very low contents of U, Th, Pb, Ga, Cu and Sc, 
and, moderate of Co and Ta compared to average 
alkaline lamprophyre and camptonite (see Table 3). The 
rock has near-alkali basaltic levels of HFSE (high-field- 
strength elements) such as Nb, Ce, Y, U, Th, HREE 
and Sc, and high contents of LFSE (low-field-strength 
elements) such as K, Rb, Ba and Sr. In the spidergram 
(Figure 2) the elements are arranged in the sequence 
of decreasing incompatibility. The Ravipadu lamprophyre 
parallels the patterns of alkaline lamprophyre, camptonite 


(Or + Lc) 


(Ol+Px+Cs+Mt+lO 


Figure 1. a, KjO vs MgO showing the fields of lamprophyric rocks'^. 
1, Leucite lamproites; 2, ordinary lamprophyres; 3, alkaline lampro¬ 
phyres; 4, melilitic lamprophyres; 5, kimberlites; 6 , olivine lamproites. 
Note that the lamprophyre of Ravipadu (along with the average alkaline 
lamprophyre and camptonite^) falls in the alkaline field, b, AI 2 O 3 - 
MgO-CaO triangular diagram^ showing the plots of the lamprophyre 
of Ravipadu and other averages in the alkaline field, c, A normative 
empirical diagram* showing the plots of lamprophyre of Ravipadu and 
other averages in the alkaline field. For comparison, the field of 
Elchuru lamprophyresis also shown. 
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and alkali basalt but has relatively lower abundances 
of trace elements (Figure 2). K and Pb show marked 
troughs whereas Ba, Nb and Sr show marked peaks. 
Significant troughs for K and Th and peaks for Ba and 
Nb in the rock are comparable to those in EMORB 
(enriched midoceanic ridge basalt). The lower abundances 
of Pb, Y, Yb and Lu may be due to their retention in 
the residual mineral phases having high Kd’s for these 
elements. The lamprophyre is enriched in LREE and 
depleted in HREE [(La/Lu)^ = 17.86; (Ce/Yb)j, = 9.27] 
resembling the REE patterns of average alkaline 
lamprophyre and camptonite (Figure 3). Based on olivine 
liquid exchange equilibria (K^) it is deduced that the 



Figure 2. Spidergram pattern of the normalized trace element abun¬ 
dances in the lamprophyre of Ravipadu. For comparison, the patterns 
of average alkali basalt, alkaline lamprophyre and camptonite^ are also 
given. Values of the normalization constants used” are given against 
each element. 



Figure 3. Chondrite-normalized REE pattern of the lamprophyre of 
Ravipadu in comparison with the REE patterns of average camptonite 
and alkaline lamprophyre. Values of normalization constants used” are 
given against each element. 


lamprophyric magma was in equilibrium with an olivine 
of FOg 42 ^ temperature of 1277°C^^. 

The source region for the lamprophyric magma could 
be the upper mantle or a local magma chamber or the 
host gabbro itself. High concentrations of LITE (large-ion 
lithophilic elements) such as Rb, Ba, Sr and LREE and 
relatively higher concentration of compatible elements 
such as Ni (148 ppm) and Cr (460 ppm) strongly suggest 
that the lamprophyric magma could be produced by a 
small degree of partial melting of the mantle at relatively 
higher temperatures and greater depths. But it is physi¬ 
cally impossible for a small dyke, such as the 
lamprophyre of Ravipadu, to rise directly from the 
mantle, without undergoing freezing, unless it is lubri¬ 
cated and possibly propelled by abundant volatiles, as 
generally evidenced by the field features such as carbo¬ 
nate rims, ‘offset’ dykes and the like^^ In the absence 
of these features it is hard to reconcile that the dyke 
was derived from mantle (K. L. Currie, personal com¬ 
munication). If it is assumed that there was a lampro¬ 
phyric magma chamber within the crust, say within 
10 km, then more number of lamprophyre dykes should 
be encountered in the pluton, which is not the case. 
Hence, the lamprophyre must have been derived at the 
end stages of differentiation of the tholeiitic magma^"^ 
(parental to the host gabbros) which was derived by 
partial melting (25%) of a garnet-lherzolite source at 
3 GPa^^~^\ 


1. Leelanandam, C., Cum Sci.y 1981, 50, 799-802. 

2. Madhavan, V., Rao, J. M., Balaram, V. and Kumar, R., J. Geol 
Soc. India, 1992, 40, 135-149. 

3. Leelanandam, C. and Srinivasan, T. P., Curr. Sci., 1986, 55, 474-476. 

4. Leelanandam, C. and Ratnakar, J., Quart J. Geol Mineral. Met 
Soc. India, 1980, 52, 77-79. 

5. Ratnakar, J., Rama Krishna, D. V., Vijaya Kumar, K., Nagsai 
Sarma, V. and Babu, E. V. S. S. K., Curr. Sci., 1992, 63, 569-571. 

6. Rock, N. M. S., Alkaline Igneous Rocks, Geol. Soc. Spl. Publ, 
1987, 30, 191-226. 

7. Rock, N. M. S., Bowes, D. R. and Wright, A. E., Lamprophyres, 
Blackie Publications, London, 1991, p. 285. 

8. Rock, N. M. S., Earth Sci. Rev., 1977, 13, 123-169. 

9. Middlemost, E. A. K., Geol. Soc. Australia, Abstr. Series, 1986, 
16, 72-74. 

10. Madhavan, V., Curr. Sci., 1990, 59, 161-163. 

11. Taylor, S. R. and McLennan, S. M., Phil. Trans. R. Soc. London, 
1981, A301, 381-399. 

12. Roeder, P. L. and Emslie, R. F., Contrib. Mineral. Petrol., 1970, 
29, 275-289. 

13. Currie, K. L. and Ferguson, J,, Tectonophysics, 1970, 9, 525-535. 

14. Currie, K. L. and Williams, P. R., Lithos, 1993, 31, 33-50. 

15. Ratnakar, J. and Vijaya Kumar, K., Workshop on Eastern Ghats 
Mobile Belt, Visakhapatnam, 1994, Abstracts, pp. 30-31. 

16. Vijaya Kumar, K. and Ratnakar, J., National Seminar on Anortho¬ 
sites and Related Rocks, Annamalainagar, 1994, Abstracts, p. 5. 

17. Vijaya Kumar, K., Unpublished PhD thesis, Osmania University, 
Hyderabad. 1994, p. 156. 

ACKNOWLEDGEMENTS. We thank the Science and Engineering 

Research Council (SERC), Department of Science and Technology 


nly 

?ri- 

ua- 

3ns 

the 

ers 

jbe 

■her 

l^le’ 

; ore 
1 is 
i 5 a 
; ita- 
'Se. 

\ a 
; iil- 
; .on 

I ise 
[ ise 

II a. 


i )ks 

1 

‘ i a 




hri- 


i Its 
I be 

I 10 - 


jiS- 
I lal 
jfi- 
i he 
j39 
lis 
oh 
at. 


lU- 


k- 

lis 


J. 


CURRENT SCIENCE, VOL. 68, NO. 9,10 MAY 1995 


959 




RESEARCH COMMUNICATIONS 


(DST)„New Delhi, for financial assistance (Project No. ES/23/149/92). 
We thank Prof. C. Leelanandam (Hyderabad), Prof. V, Rajamani 
(New Delhi), Dr K. R. Gupta (New Delhi) and Dr M. N. B. 
Salmani (Hyderabad) for constant encouragement, and Dr K. L. Currie 
(Geological Survey of Canada) for going through the manuscript 
critically and offering constructive criticism and useful comments. 

Received 24 October 1994; revised accepted 27 January 1995 


Superoxide dismutase determination by 
oxygen electrode 

R. Trivedi, S. Sarkar, Poonam Yadav^, D. Bhatnagar 
and R. Bhardwaj 

School of Biochemistry, Devi Ahilya University, Khandwa Road, 
Indore 452 001, India 

^Present address: School of Biochemistry, Indian Institute of Science, 
Bangalore 560 012, India 

A simple and rapid method for the assay of superoxide 
dismutase in biological samples is described. The 
method depends upon the generation of 0“- in the 
reaction mixture due to the photoreduction of ribo¬ 
flavin in the presence of EDTA and the subsequent 
Oj uptake from the medium. The uptake was 
measured with the help of an oxygen electrode. The 
inhibition of Oj uptake due to the dismutation of 
O”* in the presence of tissue homogenate was used 
to measure the activity of superoxide dismutase. 

The superoxide radical O' •, intermediate in the reduction 
of molecular oxygen, is directly or indirectly involved 
in many reactions of biomolecules, specially lipids and 
proteins. Superoxide anion is formed by the one-electron 
reduction of oxygen in the erythrocytes and in the 
tissues^ The generation of 0~* often causes injury to 
the biological system. The enzyme superoxide dismutase 
(SOD) has been detected in many tissues and is known 
to protect the cell from damage by the highly reactive 
superoxide free radicaf"^, SOD catalyses the dispropor¬ 
tionation of the superoxide radical according to the 
following reaction: 

201 +^ + 

The substrate - evidently, the superoxide radical - used 
for the assay of SOD has to be generated enzymatically 
or nonenzymatically in the assay medium, which contains 
an easily measurable indicator reacting with O^* (pf. 
5). All analytical methods for the determination of SOD 
are based on this ability to accelerate the dismutation 
of O^* and thereby require a source of O^- and a 
system for detecting it. All methods are indirect except 


the polarographic method and suffer from the inherent 
disadvantage of nonlinear response to increasing enzyme 
concentration^. The routinely used procedure for the 
assay of SOD employs detection of O"* by measuring 
the reduction of cytochrome C (ref. 1), nitroblue- 
tetrazolium (NBT)^ or epinephrine^. 

In the present method, the • radical served as the 
substrate for SOD, generated nonenzymatically in a 
light-dependent reaction with the concomitant uptake of 
oxygen from the test medium. Riboflavin can be 
photochemically reduced in the presence of an oxidizable 
substance. Upon reoxidation in air, reduced flavins will 
generate O^ • and the superoxide radical in turn dismutates 
to oxygen in the presence of SOD, resulting in the 
inhibition of oxygen uptake. In the absence of light, 
riboflavin is not reduced and no uptake of O^ is observed. 
In the earlier methods the generation of superoxide 
radicals was used to reduce the colourless NBT to a 
blue formazon^ or riboflavin-sensitized photooxidation 
of dianisidine was augmented by SOD^. As flavins 
undergo light-dependent reaction in the presence of an 
electron donor, with subsequent generation of O" • due 
to the photoreduction of O 2 (ref. 8), a method based 
on this property has been designed to determine the 
activity of SOD in tissue homogenate with the help of 
an oxygen electrode. 

O 2 measurement was done by the Hansatech oxygen 
electrode (UK) connected to a suitable X-Y recorder. 
The electrode was calibrated for maximum oxygen con¬ 
centration as its upper limit by air-saturated distilled 
water at room temperature. The response at minimum 
oxygen tension was checked by 2% solution of sodium 
dithionate. The calibration of the electrode was checked 
during the course of the experiment. The reaction cham¬ 
ber was illuminated by an incandescent lamp providing 
light at an intensity of 1500 jiE m“^ s'^ The concentration 
of O 2 at any given time was evaluated by the method 
of tangents using the X-Y plot. Evaluation of the 
X-Y plot by this method provides rapid inspection of 
trace amounts of O 2 in the steady state. The inhibition 
of O 2 uptake in the presence of SOD was obtained by 
comparing the slope with that of the blank and was 
used as a measure of the activity of SOD. 

Male wistar strain rats weighing 150-180 g were 
housed in polypropylene cages with free access to 
drinking water and basal diet. The animals were sacrificed 
by decapitation and their livers removed, washed in 1 M 
phosphate buffer (pH 7.4) and soaked with filter paper. 
The tissue was weighed and a 10% homogenate was 
prepared in 0.25 M sucrose solution. The homogenate 
was centrifuged at 30,000 xg for 30 min to obtain a 
crude extract. Partial purification of SOD was done by 
centrifuging the crude extract at 100,000 xg for 1 h in 
Sorvall RC 28S centrifuge, followed by ammonium 
sulphate precipitation of the supernatant. SOD from liver 
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was partially purified by 90% ammonium sulphate 
precipitation and salting out the cytosolic fraction. 
Ammonium-sulphate-fractionated SOD precipitation was 
dialysed overnight with changes against 1 mM Tris-HCl 
buffer (pH 7.4) and was used in the enzyme assay. 
Protein content was estimated by the method of Lowry 
et aC. 

The reaction mixture consisted of 0.15 mM riboflavin, 
0.5 pM KCl and 0.1 mM EDTA in a total volume of 
3 ml of 1 M phosphate buffer (pH 7.4). All additions 
were made directly into the well of the reaction chamber. 
The reaction was started by illuminating the reaction 
mixture for 2.5 min. The partially purified enzyme (0.05- 
0.2 ml) was injected into the reaction chamber after the 
system had stabilized and the recorder showed steady 
oxygen uptake. Each of the experiment was performed 
in twofold concentration range of the enzyme. A blank 
run, consisting of adding the boiled enzyme to the 
reaction mixture, was performed with each test sample. 
The O 2 uptake at any given interval of time was 
expressed as jimol h"^ mg~^ protein. One unit of enzyme 
was defined as the concentration of the enzyme required 
for 50% inhibition of O 2 uptake. 

Figure 1 represents the uptake of O 2 in the presence 
of partially purified enzyme. Sodium azide (0.5 mM) 
completely blocked the O 2 uptake as it quenches the 
O 2 • radical and showed no uptake of O 2 . This indicates 
that no oxygen species other than O 7 • is generated in 
the reaction mixture. Cyanide in the reaction mixture 
was used to inhibit the catalase activity. The activity 



Figure 1. The uptake of O 2 as recorded by the oxygen electrode. 
Symbols (•-•) and (■-■) represent the uptake of in blank and 
after the addition of partially purified enzyme, respectively. The time 
of addition of the enzyme is marked by an arrow. Symbol (A-A) 
represent the uptake of O 2 in the presence of sodium azide. 
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of SOD was studied by the dismutation of O^- and the 
proportionate inhibition in the O 2 uptake was recorded. 
The O' • radicals were generated in the reaction mixture 
by the photoreduction of riboflavin in the presence of 
EDTA. The inhibition in the uptake was calculated 
as a measure of SOD activity. 

Riboflavin in the presence of an electron donor . 
generates O'- due to the photoreduction of Oj. The 
uptake of O 2 was recorded in the presence of varying 
concentration of riboflavin. Riboflavin up to 0.15 |im 
showed a linear increase in O 2 uptake (Figure 2). 

The presence of 0.1 mM EDTA in the reaction mixture 
increased the uptake of O 2 . The effect was observed in 
blank as well as in the test, as shown in Table 1. In 



Figure 2. Effect of concentration of riboflavin on the uptake of O^. 


Table 1. Effect of EDTA on the rate of oxygen uptake. Values 
are expressed as pmol of O 2 uptake per hour per mg protein 



Oxygen uptake (pmol h“^ mg 


+ EDTA 

-EDTA 

Blank 

668 ±11 

374 ±7 

Partially purified 
enzyme 

181+38 

64 ±10 


Values represent mean±SD of six experiments. 

Boiled homogenate was used in the reaction mixture as blank. 
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a photosensitized reaction, excited riboflavin in the 
presence of EDTA generated 0~ •, The production of 
0“* in the medium was made stable by EDTA. This 
also favours metastable O”- to gain stability in an 
electron-rich medium 

The Oj uptake was measured in the presence of 
partially purified enzyme. The percentage inhibition of 
O 2 uptake is represented in Figure 3. Inhibition of 
50^70% ‘of O 2 uptake should be observed with the 
addition of the enzyme. 

The addition of ferric chloride or cupric acetate (1 
mM) to the reaction mixture showed no effect on the 
uptake of O 2 in blank or in the presence of the 
enzyme (Table 2). 

The riboflavin-sensitized photoreduction and its aug¬ 
mentation by SOD was influenced by pH. The enzyme 
activity was high at pH 7.4 and a sharp pH optima 
was observed. The inhibition of 0^ uptake was measured 



Figure 3. Inhibition of O 2 uptake in the presence of partially purified 
enzyme. 


Table 2. Effect of metal ions on the rate of oxygen uptake. 
Values are expressed as jimol of O 2 uptake per hour per mg 
protein 



Oxygen uptake (pmol h 

^ mg-b 

No addition 

+ Fe^'*' 


Blank 

671 + 11 

664+10 

660±11 

Partially purified 




enzyme 

180 + 35 

189±31 . 

192 + 42 


The reaction mixture was as described in the text. Ferric chloride or 
cupric acetate (1 mM) was added to the reaction mixture and the Oj 
uptake was recorded by the O 2 electrode. Values represent mean ± SD 
of six experiments. 

at different pH values. The maximum inhibition of O 2 
uptake was at pH 7.4. The percentage inhibition in the 
presence of enzyme was calculated and converted to 
units of SOD/mg protein. 

The inhibition of O 2 * generation in the riboflavin- 
EDTA medium can be used to assay SOD in a biological 
sample. The method is simple, rapid and reproducible. 
The assay is not influenced by the ions present in the 
homogenate. The absence of interfering reaction, as 
evident by the assay in its linearity with the protein 
content in the assay mixture, helps to estimate the 
activity of SOD in biological fluids. The sensitivity of 
the oxygen electrode to determine the O 2 uptake and 
the activity of SOD accurately can, therefore, be used 
as an assay procedure for kinetic studies. 
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Growth, nodulation, stem anatomy 
and nitrogen content of Sesbania 
rostrata grown in different salinity 
levels 

D. C. Joshua, Saradha Ramani and M. S. Shaikh 

Nuclear Agriculture Division, Bhabha Atomic Research Centre, 
Trombay, Bombay 400 085, India 

Plant growth, stem and root nodulation, stem 
anatomy, acetylene reduction activity and nitrogen 
content were studied in Sesbania rostrata grown 
hydroponically in different levels of NaCl salinity. 
The number and fresh weight of root and stem 
nodules decreased with salinity. The thickness of the 
xylem tissue and the number of cell layers in the 
xylem decreased significantly with salinity but no 
significant difference in cell dimensions was observed. 
Salinity affected cell division, resulting in reduced 
growth. Salinity in the medium reduced acetylene 
reduction activity of nodules and the nitrogen content 
of plants. 

Sesbania rostrata is a stem-nodulating legume which 
fixes 160-250 kg nitrogen/ha in 50-55 days^ This green 
manure plant withstands water logging and tolerates 
salinity^’ S. rostrata was more tolerant to NaCl salinity 
than S. aculeata and S. speciosa when grown hydroponi- 
cally^. Radiotracer studies showed that translocation of 
Na to the stem and leaves was much lower compared 
to the uptake by roots^. Since this salMolerant species 
produces both root and stem nodules, we studied the 
effect of NaCl salinity on the development and function 
of root and stem nodules. Such studies being difficult 
in soil-grown plants, the hydroponic system was used. 
The present study deals with the effect of salinity on 
nodulation, plant growth parameters, nitrogen content 
and stem anatomy. As far as the authors know, this is 
the first study on the effect of salinity on stem nodulation. 

Seedlings of S. rostrata raised in moist sand were 
transferred to Hoaglands medium. After seven days in 
this complete medium, they were grown for 50 days 
hydroponically in minus N medium containing 0, 25, 
50, 100, 150 and 200 mM NaCl. The roots and the 


stem were inoculated with a bacterial culture which 
induces both stem and root nodules'*. Inoculation was 
done twice, viz. 20 days and 35 days after transferring to 
the minus N medium. Three plastic buckets (4.51 volume), 
each with 5 plants, were used as replicates per treatment. 
Plants were grown in 7000 lux, 12 h day and 25 ± 2‘‘C. 

Plant height, fresh weight of shoot, and the number 
and fresh weight of root and stem nodules were recorded 
at 55 days growth. Acetylene reduction activity (ARA) 
of detached root and stem nodules (200 mg samples 
each) was estimated on the same day by gas chromato¬ 
graphy using Porapak column T^. 

The percentage of nitrogen in the dry samples of 
shoot was assessed using Technicon Auto Analyser 
(Industrial Method No. 334-74 W/B of Technicon) after 
digesting with concentrated sulphuric acid and digestion 
mixture using Tecator block digestor at 340“C for 2 h. 

Anatomy of the stem was studied from transverse 
sections of the stem taken at the same internode. Samples 
were taken from 0, 50, 100 and 200 mM NaCl treatments. 
The number of cell layers in the cortex and the xylem 
was recorded from five samples per treatment. The 
thickness of the cortex and the xylem, the diameter of 
the pith (almost hollow) and the dimensions (length and 
breadth) of cortical and xylem cells (five cells per 
sample) were recorded from five samples using an ocular 
micrometer. The ocular readings were converted to 
microns. 

The data, except those on stem anatomy and ARA, 
represent the means of three different experiments. 

Plant height and fresh weight decreased with increasing 
NaCl concentration in the medium (Table 1). A linear 
dose-response relation was observed, but the reduction 
in fresh weight was more compared to plant height 
reduction. The number of root nodules in the control 
and in NaCl treatments was less compared to the number 
of stem nodules; but they were twice as heavy as the 
stem nodules (Table 1). The number and fresh weight 
of both root and stem nodules decreased with increasing 
concentrations of NaCl (Table 1). A significant reduction 
in the number of root and stem nodules was observed 
with 100 mM NaCl. But fresh weight showed a significant 
reduction with 25 mM NaCl treatment onwards. 

The presence of NaCl in the medium reduced the 


Table 1. Plant height, fresh weight and number and fresh weight of nodules of S. rostrata 
grown in different salinity levels 


NaCl 

treatment 

(mM) 

Plant height 
(cm) 

Fresh weight 
(g) 

Root nodules/plant 

Stem nodules/plant 

Number 

Fresh weight 

(rag) 

Number 

Fresh weight 
(mg) 

0 

86 ±0.8 

9.0 ±0.3 

40±3 

256 ±16 

82±4 

238 ±12 

25 

82 ±1.2 

8.1 ±0.4 

37±4 

210±17 

79±6 

194 ±18 

50 

81 ± 1.3 

7.5 ±0.4 

37±3 

205 ±18 

78±2 

182 ±13 

100 

66±1.3 

6.4 ± 0.4 

27±2 

156 ±14 

47±2 

121 ±15 

150 

52 ±3.0 

3.7 ±0.3 

17±2 

67±9 

20±1 

41 ±5 

200 

43 ±3.3 

2.5 ±0.2 

6 ± 1 

9±3 

10±2 

17±4 
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ARA of root and stem nodules (Table 2). In root nodules 
this decrease was linear with increase in NaCl con¬ 
centration, while for stem nodules the decrease beyond 
lOOmM NaCl was more and abrupt. 

The percentage of nitrogen in the whole plant (stem 
and leaves) also decreased with NaCl, but compared to 
other parameters this reduction was not very drastic. 
However, the total nitrogen (mg) per plant estimated 
using plant dry weight and percentage nitrogen decreased 
significantly with increasing concentration of NaCl (Table 
2). The nitrogen content per plant and NaCl concentration 
in the medium showed a linear dose response with NaCl 
in the medium. 

Among the anatomical parameters studied, the xylem 
tissue was affected the most by salinity. Both the 
thickness of the xylem tissue and the number of cell 
layers decreased with increasing doses of NaCl (Table 
3, Figure 1). The diameter of the pith also showed 
reduction. But no significant reduction in the dimensions 
of cells was- observed either in the cortex or in the 
xylem (Table 3, Figure 1). 

Our earlier studies on Sesbania species have shown 
S, rostrata to be more tolerant to salinity compared to 
S. aculeata and *S. speciosa^. But growth reduction was 
observed with higher concentrations of NaCl in the 
medium. From the anatomical data in the present study, 
it is clear that salinity affected cell division rather than 
cell growth in dimension. This explains the reduced 
plant growth. The greater reduction in fresh weight 
compared to plant growth in height is due to the effect 
of salinity on cambial activity. The cambial activity was 


Table 2. Acetylene reduction activity, percentage nitrogen and 
nitrogen/plant of S. rostrata grown in different levels of salinity 


NaCl 

treatment 

(mM) 

ARA (ethylene nM/mg 
fresh weight of nodule) 

Nitrogen 

(%) 

Nitrogen/plant 

(mg) 

Root 

nodules 

Stem 

nodules 

0 

873 

1362 

3.92 ±0.06 

45.57 

25 

— 

1167 

3.90 + 0.09 

40.83 

50 

642 

1540 

3.7310.06 

36.48 

100 

343 

1145 

3.60 + 0.12 

29.84 

150 

31 

72 

3.3210.07 

14.99 

200 

0 

0 

3.6210.04 

11.93 


ARA value of root nodules for 25 mM NaCl could not be taken. 


reduced by salinity, leading to reduction in the xylem 
tissue. The concentrations of NaCl used are not as high 
as that used by Serrato Valenti et al.^, who found drastic 
changes in almost all the tissues from epidermis to stele 
in Prosopis. At tolerable levels of salinity cell division 
is affected in S. rostrata, resulting in reduced growth. 

An inhibitory effect of stem nodulation on root nodule 
number was reported earlier in plants grown hydroponi- 
cally in the normal nutrient medium"^. With the initiation 
of stem nodules, the formation of root nodules ceased, 
leading to a reduced number of root nodules'^. In the 



Figure 1. Transverse section of S. rostrata stem (x 100); a, control; 
b, 200 mM NaCl; co = cortex, xy = xylem, pi = pith. 


Table 3. Stem anatomy of S. rostrata grown in different levels of salinity 


Level of 

NaCl 

(mM) 


Cortex 



Xylem 


Pith 

diameter 

(|im) 

Number of 
cell layers 

Thickness 

(Hm) 

Cell dimension* 
(Hm) 

Number of 
cell layers 

Thickness 

(urn) 

Cell dimension* 
(|im) 

0 

910.5 

231111 

4012 

4211.7 

1007 + 97 

2710.9 

983121 

50 

810.2 

19515 

4212 

3610.9 

745 ±23 

2411.7 

938139 

100 

810.4 

21116 

4011 

2910.5 

614 ±24 

2510.5 

883130 

200 

7 + 0.2 

21314 

4011 

2011.1 

438 ± 22 

2611.0 

883136 


*Mean of length and breadth. 
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present experiment, the presence of NaCi in the medium 
further reduced their number and fresh weight. Reduced 
root nodulation with salinity was reported in Vida faba^, 
lucerne^ mungbean and pea^ and soybean^^. Salinity- 
induced reduction in root nodulation could be due to 
the decreased growth and multiplication of rhizobia or 
decreased availability and susceptibility of root hairs 
But the reduced number and fresh weight of stem 
nodules in S, rostrata as observed in the present study 
is due to the indirect effect of NaCl through reduced 
plant growth. 

The greater reduction in acetylene reduction activity 
(ARA) of root nodules compared to stem nodules may 
be due to the direct contact of nodules with salinity. 
Since the stem nodules are not directly exposed to NaCi, 
the reduced ARA could be the result of reduced plant 
growth. There was no significant reduction in the per¬ 
centage of nitrogen with salinity. The total nitrogen 
content per plant decreased with salinity because of 
reduced plant growth. 

In S. rostrata, although the stem nodulation may not 
be directly affected by NaCi, decreased availability of 


photosynthates and reduced plant growth become limiting 
factors for their normal development and function. 
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Restriction site polymorphism in 
mitochondrial DNA of Indian major 
carps 

B. K. Padhi and R. K. Mandal 

Department of Biochemistry, Bose Institute, Calcutta 700 054, India 

Restriction endonuclease analysis of mitochondrial 
DNA (mt-DNA) in Labeo rohita from the river Ganges 
and a hatchery-maintained population from a fish 
farm revealed polymorphism at i^mdlll site. Inter¬ 
specific differences in mt-DNA restriction patterns in 
Indian major carps (Catla catla^ L. calbasu and L. 
rohita) were also compared. An extension of this 
study in different populations of these widely cultured 
fishes would be useful for genetic stock identification 
and genetic diversity documentation. 

Indian major carps (IMCs) are commercially valuable 
fishes cultured widely in the inland waters of India. 
The natural populations of these fishes are declining in 
the Ganges ^ In hatcheries, improper breeding practices 
of these fishes affect aquaculture productivity and their 
genetic diversity". Therefore, documentation of intra¬ 
specific genetic diversity in these fishes has become a 
necessity to identify their genetic stock (i.e. genetically 
differentiated populations of a species) for the benefit 
of future breeding programme and for conserving their 
diverse ‘gene pools’. 

CURRENT SCIENCE, VOL. 68, NO. 9, 10 MAY 1995 


Restriction fragment length polymorphism (RFLP) of 
mt-DNA was used for genetic stock identification in 
many fishes^. Due to its small genome size (16-23 kb), 
predominantly maternal mode of inheritance, higher 
mutation rate than nuclear single-copy gene and lack 
of genetic recombination"^’^, mt-DNA has been a useful 
parameter for the above study. Moreover, mt-DNA RFLP 
reveals a good amount of intra-specific polymorphism 
and mt-DNA genotypes are strongly patterned geographi¬ 
cally^. We, therefore, have initiated mt-DNA RFLP 
analysis in Indian major carps for genetic stock iden¬ 
tification. 

Three species of Indian major carps. L. rohita (rohu), 
L. calbasu (calbasu) and Catla catla (catla), were obtained 
live from Nilu Ghosh Fish farm (NG), Naihati, West 
Bengal. All these species were also collected from the 
river Ganges, rohu and catla at Farraka (Fr) (Murshi- 
dabad, West Bengal) and calbasu at Allahabad (Al), 
Uttar Pradesh. The fishes were sacrificed in the field. 
The liver tissue was dissected out into sterile poly¬ 
propylene tubes containing TEK buffer (50 mM Tris-HCl, 
pH 7.4, 10 mM EDTA, 200 mM KCl), kept in wet ice 
in a thermosflask and carried to the laboratory and 
deep-frozen at -70°C. The mt-DNA from the fresh and 
frozen tissue was isolated by the method described by 
Padhi and Mandal^. Restriction enzyme digestion, end- 
labelling with a-^^P-a-”S-labelled dATP or dCTP and 
agarose gel (0.8 or 1%) electrophoresis were done 
following standard protocols^. After electrophoresis the 
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gels were dried in a gel drier (Atto, Japan) and auto- 
radiographed using ORWO X-ray films. The yield of 
mt-DNA being small, labelling of restriction digests 
before electrophoresis facilitated the visualization of the 
separated DNA fragments by autoradiography. The 
molecular weight of the fragments was determined with 
reference to ffindlll-digested or //mdlll- and 
double-digested lambda phage DNA samples run on 
each gel. 

Mitochondrial DNA in two rohu populations digested 
by EcoRl (Figure 1 a, lanes 1 and 2) and BamH.1 
revealed identical restriction pattern. The EcoRl cuts at 
three sites while BamHl cuts at one site only. However, 
HindlU revealed polymorphic sites that could distinguish 
farms NG (Figure 1 a, lane 3) and Fr (lane 4) populations. 
Also, the nuclear DNA isolated from the blood of these 
two stocks, when digested with Sstl and Xbal and probed 
with Xenopus ribosomal RNA gene probe (pXlr 101) 
following standard protocol, showed polymorphism in 
repeat lengths of rRNA gene (data not presented). 

To see whether Hindlll restriction site polymorphism 
observed in two rohu samples was population-specific 
or was due to individual-level variation, mt-DNA from 
four individuals from the same source (NG) was digested 
by Hindlll and analysed simultaneously in the same 


gel. All the four individuals revealed identical mt-DNA 
restriction pattern (Figure 1 b). This indicates that the 
Hindlll site polymorphism in rohu is at population level 
and not at individual level. The mt-DNA genome size 
of rohu, calculated by adding the restriction fragments, 
is about 17.8 kb. This is similar to the size in many 
other fishes like Fundulus heterolcitus (17.2 kb)^ 
Oreochromis niloticus (17.02 kb)^, Morone saxatalis 
(17.5 kb)*^ Salmo salar (16.7 kb)^^ and Cyprinus carpio 
(16.4 kb)^". 

C. catla from two sources, (Figure 2, lane 1) and Fr 
(lane 2), and L. calbasu also from two sources, NG 
(lane 3) and A1 (lane 4), when compared pairwise did 
not reveal polymorphism at Hindlll site. But the restric¬ 
tion pattern with respect to Hindlll site appears to be 
species-specific in catla, rohu and calbasu. 

Restriction fragment analysis of mt-DNA was carried 
out in several fishes, including Morone americana^, 
Salmo salar^\ Melanogrammus aeglefinus^^ and 
Oreochromis niloticus"^ from the western countries, for 
genetic stock identification. The stock identification in 
these commercially important fishes would be useful in 
many ways: (i) in selective crossing of different stocks 
to increase genetic heterozygosity in hatchery population; 
(ii) for the maintenance of genetic stock integrity, which 



Figure 1. a. Restriction site polymorphism in L. rahita populations collected from the fish farm NG and the Ganges at Farraka (Fr). Samples 
(lanes from left to right): M, XONA/Z/mdlll marker; 1, NG/£coRI; 2, Fr/£cf>Rl; 3, NG/Z/mdlll; 4, Fr///mdIIL b, mt-DNA isolated from four 
individuals of L. rohita collected from the same source (NG) digested with //mdlll (lanes 1-4). Lane M contained A,DNA/£c<';RI-//mdIII double 
digest. 
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Figure 2. mt-DNA//f/> 2 dIII-digested restriction pattern in the popula¬ 
tions of C. catla (lane I, NG; lane 2, Fr) and L calbasu (lane 3, 
NG; lane 4, Al) and lane M, ?iDNA///mdIII marker. 


is affected by inadvertent inter-stock crossing and inter¬ 
specific hybridization; and (iii) for conservation planning 
to rehabilitate a declining stock^"^. Our limited study 
showing restriction site polymorphism in mt-DNA from 


rohu populations suggests the need of extensive mt-DNA 
RFLP study in our country for genetic diversity documen¬ 
tation and genetic stock identification in IMCs. 
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Trace element concentrations in two 
species of shrimps from Hailakandi, 
Assam, India 

S. B. Paul and A. Gupta* 

Department of Chemistry and *Department of Zoology, St. Edmund’s 
College, Shillong 793 003, India 

Concentrations of Ca, Fe, Mg and Zn in muscle, 
exoskeleton and hepatopancreas of two species of 
shrimps, Macrobrachium lamarrei (H. M. Edwards) 
and M, dayanum (Henderson) (Decapoda: Crustacea), 
collected from two lentic freshwater systems in 
Hailakandi, Assam, were determined by atomic 
absorption spectrophotometry. Element concentra¬ 
tions were also estimated in water and detritus from 


the two habitats. The concentration of Fe was fairly 
high in detritus. Among the shrimp tissues, exo¬ 
skeleton had the highest concentrations of Ca, Fe 
and Mg, and is likely to be involved in the storage 
and disposal of excess amounts of these elements. 
Zinc concentrations, however, were maximum in 
hepatopancreas. The levels of all the four elements were 
also considerably high in the muscles of both species, 
compared to those in several other animal foods. Thus, 
it appears that these crustaceans could be potent yet 
cheap sources of these important trace nutrients. 

Numerous trace elements have been shown to play vital 
roles in the metabolism and nutrition of both plants and 
animals. They are considered to be potential key factors 
not only in maintaining many enzymatic reactions, but 
also in the development of immunity to various diseases'. 
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Calcium, iron, magnesium and zinc are considered impor¬ 
tant in various metabolic activities of organisms”. In 
spite of their presence in a wide variety of plant and 
animal foods, deficiencies of these elements in humans 
are fairly common, and their intakes often fall consid¬ 
erably short of the recommended dietary allowances 
(RDAs)^. Iron deficiency, resulting in anaemia, is 
widespread even among American women^, while zinc 
and magnesium deficiencies during pregnancy are known 
to have deleterious effects on the offspring^ The role 
of calcium in biological systems is diverse and multi¬ 
faceted, as it is not only a major constituent of bone 
but also exerts significant effects on the structural and 
functional properties of biomembranes"^. On the other 
hand, iron and zinc are also important from an environ¬ 
mental perspective, since elevated levels of these ele¬ 
ments in ecosystems, resulting from pollution, can lead 
to toxic effects in organisms^’Hence, it appears neces¬ 
sary to determine the levels of these elements in organ¬ 
isms, especially food organisms, from as many 
ecosystems as possible. The present study records the 
concentrations of Ca, Fe, Mg and Zn in the body tissues 
of two species of shrimps - Macwhrachium lamarrei 
(H. M. Edwards) and M. dayanum (Henderson) 
(Decapoda: Crustacea) - as well as in the water and 
detritus from two lentic freshwater systems in Hailakandi, 
Assam, Both the shrimps are common food items, in 
fresh as well as dried forms, of large sections of the 
people of northeastern India, and, therefore, need to be 
monitored for their trace element contents and con¬ 
centrations. The levels of Ca, Fe, Mg and Zn were 
determined in muscle that represents the edible part, as 
well as in exoskeleton and hepatopancreas, which have 
been shown to be involved in trace element storage, 
excretion and cycling^’^ 

Intermoult individuals of Macrobrachium lamarrei 
(size range: 41-58 mm) and M. dayanum (size range: 


62-80 mm) were collected with a fine-mesh fish net 
from a pond and a small wetland near Hailakandi town 
(24'’42'N; 92°34'E), Assam State, India, during July 
1993. Both shrimp species were found abundantly below 
the dense, floating mats of water hyacinth {Eichhornia 
crassipes) and water lettuce {Pistia stratiotes). Detritus 
deposits at the bases of these mats formed a major part 
of the food of these shrimps. Eight replicate samples 
each of muscle, exoskeleton and hepatopancreas of the 
shrimps, as well as that of detritus, were oven-dried to 
constant weight and digested in 10 ml concentrated 
boiling HNO 3 (a 1 : 1 mixture of HNO 3 and HCIO^ for 
detritus) to dryness. The residues were redissolved in 
20 ml of 10 % HNO 3 (ref. 8 ) and filtered, and the filtrate 
was analysed for Ca, Fe, Mg and Zn in a Perkin-Elmer 
2380 atomic absorption spectrophotometer by the flame 
method. Wet weights of muscle samples were also 
recorded before drying. Water samples, collected in PVC 
bottles, and acidified immediately after collection, were 
similarly analysed for the four elements. The pH of 
water was measured by a Lovibond Colour Comparator 
disc in the field. Acid-w'ashed glass and PVC ware, 
analytical grade reagents, double-distilled deionized 
water, and blanks were used during element analysis to 
minimize errors. 

Statistical analyses of the data comprised intra- and 
inter-specific comparisons among metal concentratio:'’ 
in different tissues with one-way ANOVA^and Duncan’s 
multiple range test (applied only if P = 0.05). 

The pH of water in the two freshwater systems did 
not differ significantly, and ranged between 7.5 and 8.2. 
The concentrations of Ca, Fe, Mg and Zn in water, 
detritus and tissues of M. lamarrei and M dayanum 
are presented in Table 1. The orders of concentration 
of the elements in water and detritus were 
Mg > Ca > Fe > Zn and Fe > Ca > Mg > Zn, res¬ 
pectively, in both the ecosystems. The relatively high 


Table 1. Ca, Fe, Mg and Zn concentrations (mean±SD) in water (mgl \ detritus and tissues (mgg 
dry wt) of M. lamarrei and M. dayanum from Hailakandi, Assam, India 


Sample 

Ca 

Fe 

Mg 

Zn 

Water 

2.23+0.96 

0.94 ±0.3 

7.46 ±0.54 

0.023 ±0.008 

Detritus 

31.8 ± 2.6 

67.2 ± 8.2 

4.8 ± 2.7 

132.8 ± 4 . 1 “ 

M. lamarrei 

Muscle'^ 

109.5 ±37.5 

30.2 + 7.2 

161.2 ±70.2 

2.42 ± 0.39 

Muscle 

5.31 ±1.82 

1.47 ±0.35 

7.82 ±3.4 

1 17.3 ± 19* 

Exoskeleton 

48.4+10.7 

5.9 ±1.5 

20.2 ±6 

95.3 ± 15.7* 

Hepatopancreas 

16.5 ±2.6 

3.69 ±0.7 

9.1 ±2.4 

215.3 ±37.9* 

M. dayanum 

Muscle° 

71.96 ± 37.4 

24 ±3.6 

149.8+48.7 

2.32 ± 0.29 

Muscle 

3.49 ±1.82 

1.16±0.18 

7.27 ±2.4 

112.5 ±14* 

Exoskeleton 

34.6 ± 12.4 

8.7 ±5.2 

17.04 ± 5.6 

98.5 ±20.7* 

Hepatopancreas 

12.56 ±5.37 

7.37 ±0,8 

13.24 ±4.3 

162.3 ±20.9* 


^Expressed as pgg ^ dry wt. 
*^Expressed as mg per 100 g wet wt. 
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concentration of Fe in detritus probably reflects the 
tendency of this metal to precipitate, mostly in the form 
of hydrous oxides^. 

In both the shrimps, the maximum Ca, Fe and Mg 
concentrations were recorded in exoskeleton, and the 
minimum in muscle, while for Zn, these were in 
hepatopancreas and exoskeleton, respectively (Table 1). 
Bagatto and Alikhan^^ have shown that hepatopancreas 
is by far the most important storage organ for Zn, while 
Mg accumulations were found in the exoskeleton of a 
terrestrial isopod^\ Similar trends were also found in 
the present study. In contrast, muscles in most inver¬ 
tebrates and fishes were shown to be the least preferred 
site for trace element storage^’ M, lamarrei and M. 
dayanum also exhibited similar trends for Ca, Fe and 
Mg, although Zn levels were higher in muscle than in 
exoskeleton. Higher concentrations of Ca, Fe and Mg 
in exoskeleton found in the present study support the 
earlier observations that exoskeleton in Crustacea is used 
as a ‘sink’ for disposing off excess trace metals during 
ecdysis^^’ 

When trace element concentrations in the two species 
were compared, M lamarrei was found to have sig¬ 
nificantly higher concentrations of Zn in its hepato¬ 
pancreas and Ca in its exoskeleton than M dayanum^ 
while the latter had more Fe in its exoskeleton and 
hepatopancreas. However, no appreciable difference ex¬ 
isted in the Mg concentrations of the two species. 

Table 1 also depicts element concentrations as mg 
per 100 g wet weight of muscles of the two species. 
Both the shrimps appear to be rich sources of all the 
four elements. The Ca content is comparable to that of 
herring (about 100 mg per 100 g), and somewhat less 
than that of milk (118-120 mg) The Mg content is 
several times higher than those of lean beef, fowl, turkey 
and hard cheese (22, 27, 28 and 42 mg per lOOg, 
respectively)^^. Similarly, Fe and Zn contents are also 
fairly high, although high Fe concentrations could also 
result from the consumption of detritus having elevated 


levels of this element. Nevertheless, these shrimps appear 
to be potent yet cheap sources of these four essential 
micronutrients for the predominantly nonvegetarian 
populace of northeastern India, especially the economi¬ 
cally weaker sections. Hence, necessary steps ought to 
be taken for conserving the habitats of these and the 
other species of shrimps, which are increasingly being 
threatened due to urbanization and other forms of 
encroachment, as well as due to the entry of sewage 
and chemical pollutants. 
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Annual Review of Nutrition 1994. 
Robert E. Olson (ed.). Annual Review 
Inc., 4139, El Camino Way, Palo Alto, 
California 94303-0897, P.O. Box 10139, 
USA. Volume 14. pp. 595. 


Annual Review of Nutrition publishes criti¬ 
cal and provocative reviews on diverse 
aspects of nutrition, the stress being on 
basic sciences. Thus, like the earlier 
volumes, in the present volume also, 13 
out of the 23 reviews (55%) deal with 
basic science subjects. Eight reviews in 
clinical nutrition also give good coverage 
to basic aspects. Only two reviews deal 
with epidemiology and public health 
aspects of nutrition. Such a distribution 
may disappoint public health nutritionists. 

The prefactory chapter by John Water- 
low on Childhood Malnutrition in 
Developing Nations has a touch of nos¬ 
talgia. Six decades after the description 
of kwashiorkor by Cecely Williams 
(1930), basic questions on several aspects 
of protein-energy malnutrition, like 
molecular mechanisms in the patho¬ 
physiology of clinical forms of protein- 
energy malnutrition, the functional 
significance of stunting, the energy and 
protein requirements of children, and the 
contribution of infection to growth failure, 
remain. The author addresses these issues 
with his masterly insight into the subject. 
The second review on a public health 
subject by Hunter and Willett discusses 
the epidemiological studies which attempt 
to correlate breast cancer with diet and 
body build. While a modest association 
between alcohol consumption and breast 
cancer emerges, the often-mentioned 
relationship of breast cancer with dietary 
fat is insignificant. International variations 
in breast cancer rates are perhaps due to 
differences in energy intake and growth 
restriction during the period of growth. 

According to Fuller and Garlick, the 
controversy regarding amino acid require¬ 
ments of humans is due to the different 
results obtained by the three methods 
commonly used, viz. nitrogen balance, 
obligatory nitrogen losses and amino acid 
oxidation. Nitrogen balance studies over¬ 
estimate nitrogen retention and hence 
underestimate amino acid requirements. 
Issues for future work are mentioned. 
Peptides have a role in specific diseases 
where enteral feeding is needed. The 
mechanisms of peptide uptake and meta¬ 
bolism are reviewed by G. K. Grimble. 


Nutrients like choline, carnitine and 
inositol are staking claims as essential 
dietary factors in the light of recent 
knowledge regarding their precursors and 
functions. A strong case for choline has 
been made by Leisel and Blusztajn. Some 
nutrients like vitamin C, vitamin E and 
P-carotene, which are powerful 
antioxidants, have been reported to have 
beneficial effects in a variety of degenera¬ 
tive diseases when given in large doses. 
The pharmacology of vitamin C has been 
reviewed by Sauberlich. 

A review of organic substrate and 
electrolyte solutions for oral rehydration 
(ORS) in diarrhoea should interest both 
clinical and public health nutritionists. 
From a metaanalysis of the available data, 
Desjeox et al. conclude that local cereals 
and legumes are as good as ORS that 
are based on glucose or other organic 
defined substrates. Mother’s milk is the 
best for the infant. While it may be 
possible to develop formula milk which 
matches human milk in terms of its 
nutrients, human milk has a variety of 
growth factors like the epidermal growth 
factor, insulin, relaxin, insulin-like growth 
factors and other peptide growth factors 
which help development. Thus, even a well- 
growing, formula-fed infant is at a greater 
risk of developing various illnesses during 
early adulthood than the breast-fed counter¬ 
part, as discussed by Donovan and Odle. 

Other subjects of clinical importance 
covered are: Nutritional implications of 
transthyretin (prealbumin) in health and 
disease (Ingenbleek and Young) and 
osteopaenia of prematurity (P. R. Greer). 

Two of the basic science reviews are 
in the field of comparative nutrition- 
Nutrition of the horse (Hintz and Gym- 
baluk) and Nutritional mechanisms and 
temporal control of migratory energy 
accumulation in birds (Bairlein and Gwin- 
ner). A review on artificial rearing of rat 
pups by Patel et al discusses the methodol¬ 
ogy as well as the utility and limitations 
of such an experimental technique. 

In recent years, several nutrients have 
been found to regulate gene expression. 
In the present volume, Clarke and Jump 
discuss the regulation of gene expression 
by dietary polyunsaturated fatty acids, 
and Cousins discusses the role of metal 
elements in gene expression. Dietary 
PUFA modulate fatty acid biosynthesis 
and (n-9) fatty acid availability, possibly 
by modulating the activity of transcription 
factors. Apart from the influence of metals 


in gene expression through their well- 
established structural and catalytic func¬ 
tions, metals have a separate function in 
transcriptional regulation of genes through 
an interplay of cytosolic metal regulatory 
proteins and MRE sequences in the 
promoter regions of specific genes. 

An update on the three disorders related 
to inborn errors of fructose metabolism 
(essential fructosuria, hereditary fructose 
intolerance and fructose 1,6-bisphos- 
phatase deficiency) is given in the review 
of Van den Berghe. A review on the 
mechanism of action of nonglucose in¬ 
sulin secretagogues by Liang and 
Matschinsky not only discusses the second 
messenger cascade stimulated by these 
substances (hormones, neurotransmitters, 
hypoglycaemic drugs) but also describes 
the present knowledge regarding the role 
of glucose metabolism in insulin release. 

Other reviews in basic sciences discuss 
diverse subjects: The complexity of nitric 
oxide, a flavohaeme enzyme, and its sig¬ 
nificance by Masters; The nutritional role 
of resistant starch (starch that escapes 
digestion in the small intestine) by An- 
nison and Topping; Peroxisomal lipid 
metabolism by Reddy and Mannaerts (dis¬ 
cusses the role of mammalian peroxisomes 
in lipid metabolism, the phenomenon of 
peroxisome proliferation, the mechanism 
of peroxisomal enzyme induction and the 
disorders of peroxisomal lipid metabo¬ 
lism); The role of iron-binding proteins 
in the survival of pathogenic bacteria by 
Mietzner and Morse (bacterial strategies 
for sequestering host iron and establishing 
itself); oxidative phosphorylation diseases 
and mitochondrial DNA mutations: Diag¬ 
nosis and treatment by D. C. Wallace 
(nutritional and pharmaceutical therapies 
which produce moderate degrees of 
symptomatic relief in these disorders and 
future possibilities such as gene therapy); 
and Regulation of adipocyte development 
by Cornelius, Mac Dougald and Lane. 

The 14th volume of Annual Review of 
Nutrition will be of particular interest to 
biochemists, cellular and molecular 
biologists and clinical scientists who may 
wish to work in areas where research in 
basic sciences can find application to 
solving problems of health in general and 
nutrition in particular. 

Mahtab S. Bamji 

211 Sri Datta Sai Apts 
RTC Cross Roads 
Hyderabad 500 020, India 
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Computational Methods for Partial 
Differential Equations. M. K. Jain, R. 
K. Jain and S. R. K. Iyengar. Wiley 
Eastern Ltd., 4835/24 Ansari Road, Darya 
Ganj, New Delhi 110 002, 1994. pp. 244. 
Price: Rs 80. 


The rapid development of high-speed 
computational facilities has been accom¬ 
panied by a veiy substantial growth of 
numerical methods. The literature on com¬ 
putational methods for solving partial dif¬ 
ferential equations has grown very much 
in the last two decades. It is widely 
scattered and differs greatly in viewpoint. 
This book describes the numerical 
methods for partial differential equations 
in simple terms in a manner that can be 
understood and used by students, thus 
facilitating the learning of the basic 
schemes. It provides the student the neces¬ 
sary intuitive foundation to start with this 
subject. It can serve as an introduction 
to more specialized study in specific appli¬ 
cations. 

This book has been written in a style 
similar to G, D. Smith’s book on Numeri¬ 
cal Solution of Partial Differential Equa¬ 
tions, but here more numerical schemes 
have been discussed. It has four major 
chapters. The first chapter gives a brief 
introduction to the difference methods 
and the concepts of stability, consistency 
and convergence. Chapters 2 and 3 discuss 
the computational methods for solving 
parabolic and hyperbolic differential equa¬ 
tions. Finite difference methods remain 
, important in these two chapters. Questions 
on stability and convergence of various 
schemes are covered as a necessary com¬ 
plement to the study of the methods. The 
techniques for solving conservation laws 
have been just mentioned. A more detailed 
discussion of these would benefit a large 
number of readers as they form an impor¬ 
tant class of hyperbolic problems. Varia¬ 
tional methods have been outlined in 
Chapter 4 under the methods for elliptic 
partial differential equations. Special 
topics discussed here include the finite 
elements and multigrid methods. 

The authors have attempted to explain 
the various schemes and their stability 
criteria through easily understandable 
problems. The exercises at the end of 
each chapter would further facilitate the 
understanding of the schemes. Answers 
to these exercises are also provided as 
an added advantage. 


Since the main emphasis of this book 
is on problem-solving, it does not en¬ 
courage the reader to think deeply. A 
mention of references would have helped 
the interested reader in further studies 
from original publications. 

On the whole, the authors have suc¬ 
ceeded in conveying the importance of 
numerical methods for solving partial 
differential equations. Since ‘numerical 
methods for partial differential equations’ 
does not form a part of the curriculum 
in most of the Indian Universities, this 
book will be of great help to applied 
mathematicians and engineering students 
interested in this field. 


K. Sangeeta 

Department of Mathematics 
Indian Institute of Science 
Bangalore 560 012, India 


The Structure of Music in Raga and 
Western Systems. R. Ramanna, Bharatiya 
Vidya Bhavan, Kulapati Munshi Marg, 
Bombay 400 007. 1993. Price Rs.400. 
196 pp. 


The recent publication by Bharatiya Vidya 
Bhavan of the ‘Short Work’ on the Struc¬ 
ture of Music in Raga and Western Sys¬ 
tems by Dr R. Ramanna, the well-known 
physicist, is a welcome addition to 
musicological literature, particularly since 
it has emanated from one who is a scien¬ 
tist equally familiar with both the systems. 
Indeed, he is a reputed pianist and this 
has stood him in good stead in producing 
this woik. It aims essentially at the Western 
audience and tries to project South Indian 
Music via the Western staff notation. 

There are eight chapters in all. After 
explaining the Melakarta system (the 
generic scale system of Carnatic music) 
in Chapter 1, and the basic Tala system 
in Chapter 2, the model shift of Raga 
generation is discussed in Chapter 3. 
Janya Ragas are briefly dealt with in 
Chapter 4, while Chapter 5 discusses the 
harmonic elements in the Raga sys¬ 
tem ~ this is rather important in view of 
the title of the work ~ and its applications 
are dealt with in Chapter 6. Chapters 7 
and 8 deal, respectively, with form in 
Carnatic music and the aesthetics of the 
Raga system. 


A few preliminary remarks here will 
be in order. There have been some attempts 
in the past at presenting our music in 
the Western staff notation. As the author 
observes, the earliest known work seems 
to be that of Chinnaswamy Mudaliar al¬ 
most 100 years ago (his monumental 
service to Carnatic music may be recalled: 
it was also he who persuaded Subbarama 
Dikshitar to place on written record the 
works of the great composer Muthuswamy 
Dikshitar, which otherwise might have 
been lost). Later we find such attempts 
by H. A. Popley (The Music of India, 
YMCA Publications, 4th edition, 1971) 
and by P. Sambamurthy (Indian Melodies 
in Staff Notation, Indian Music Publishing 
House) and more recently by Walter Kauf- 
mann in his The Ragas of South India, 
(Oxford & IBH, 1976) covering over 
2000 ragas. The current work nevertheless 
should prove of value coming as it does 
from an expert pianist who knows 
Western music well and it is more sys¬ 
tematic and comprehensive. 

In the introductory section, the author 
states his objective clearly: ‘The purpose 
of this work is to bring to the attention 
of both Indian and foreign musicologists 
the main structure of the Raga system, 
both in staff notation as well as in 
Devanagari, with the hope that it will 
be a useful introduction to a wide range 
of musicians.’ He has put in a laudable 
effort and has achieved his goal to a 
large extent with some minor reservation. 
This stems mainly from the fact that 
currently available musicological tools are 
still not fully adequate to convey the 
richness and complexity of the Raga sys¬ 
tem as practised in India. There is indeed 
a great need for deep research and scien¬ 
tific analysis before anyone can really 
hope to achieve this goal. But within 
these constraints the author has produced 
a good introductory exposition which is 
to be heartily welcomed. 

Coming to some details, the assumption 
of equitempered scale to illustrate our 
music to the Western audience is dictated 
more by practicability on the piano and 
other Western instruments. The equi¬ 
tempered scale caters to harmony. It cer¬ 
tainly does not reflect the more central 
theme of Indian Music, which is based 
on just intonation. It is debatable whether 
the approximations implied in the assump¬ 
tion are fully justified or not. Most 
traditionalists will not accept that South 
Indian Carnatic Music (at least that prac- 
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tice in the last few centuries) is based 
on equitempered scale. 

That quarter tones, microtones well 
known in Western music, are adequate 
or can be pressed into service in explain¬ 
ing non-equitempered scales or other fea¬ 
tures of Indian Music will take the essence 
out of our system. The result is that the 
richness of the full 22-Sruti system so 
vital to melody fades into mere 12 Svaras- 
thanas which are regimented still further 
into equal intervals to suit Western har¬ 
mony concepts. As is well known, scale 
derivation in our system is fundamentally 
based on Samvadi (consonance) relation 
and has been tied up with the fretted 
Veena. Even the formulation of the 72 
Melakarta scheme of Venkatamakhi is 
anchored on this theme solidly. It would, 
therefore, seem appropriate that the 
present work is to be considered as one 
essentially involving a major approxima¬ 
tion and not one capable of projecting 
in its entirety our classical musical sys¬ 
tems in the Western staff notation. 

Discussions of both Melakarta Raga 
in Chapter 1 and Janya Ragas in Chapter 
4 have to be reckoned with the above 
observation in background. It is perhaps 
pertinent to point out that (even though 
Venkatamakhi might have proclaimed that 
even Brahma cannot challenge his 
scheme) an extension of his argument 
can lead to a possible more accommoda¬ 
tive system siibh as the Venkatamakhi 
Krishnachandra scheme of 90 Melakartas. 
(see, for example. Mathematical & Com¬ 
puter Analysis of Raga Structure, Srutis 
& Murchkanas, ed. R. Srinivasan, Sangeet 
Natak Publication, 1981, p. 123 and 157, 
hereafter referred to as SN volume). 

The use by the author of terms Mela¬ 
karta scales and Melakarta Ragas inter¬ 
changeably is rather unfortunate, particularly 
in the absence of a proper clear distinction 
in the discussions. Even the Venkata¬ 
makhi’s formulation gives only the scalar 
material on which a Raga is based and 
the two are not the same: a point not 
fully appreciated by many. The former 
is only a skeletal framework whereas the 
latter based on the former is extra¬ 
ordinarily rich in terms of addition of 
‘flesh, and blood’ to bestow the per¬ 
sonality to the Raga. The flesh and blood 
may be taken to be the subtle nuances 
such as the Gamakas, Sancharas (mles 
of phrasing Svaras) and the like. These 
are from a theoretical standpoint, ‘higher- 
order’ effects. 


The modal shift operation (known to 
the Westerners through Greek music) has 
been treated visually in this volume rather 
well through an elegant circular projection 
and this certainly enables an ea.sy under¬ 
standing of the process involved. In the 
south Indian literature this is known and 
documented (Prof. Sambamurthy, South 
Indian Music Book, vol. 5, The Indian 
Music Publishing House, 2nd edition, 
1963) and has recently been dealt with 
systematically and thoroughly availing 
modem computers and several corrections 
made in the earlier work (SN volume, 
p. 103 and 157). When it comes to Janya 
Ragas, although the summary in Table 
A a projects the data aptly, a doubt is 
likely to arise in the minds of beginners 
(particularly, the Western audience) as to 
how the problem of fixing the Janaka 
Raga is handled for a given Janya Raga. 
This arises from the fact that we only 
have the scalar material defined and when 
it is a 6-note (shadava) or 5-note {audava) 
scale, one can fit it equally into more 
than one generic scale depending upon 
which note(s) are absent. That the fixation 
is done in such cases based on other 
criteria (mostly second-order effects) 
could have been explained. It is with this 
background the contents of Chapter 4 on 
Janya Ragas have to be viewed, including 
discussion pertaining to Table Ah on 
Murchhana Karaka Janya Ragas. 

While discussing the harmonic elements 
in the Raga system (Chapter 5), Dr 
Ramanna comes out with his own ideas 
on harmonization in melody music as 
practised in India. In fact, he counters 
the earlier opinion of Chinnaswamy 
Mudaliar that ‘European harmony mars 
all the beauty and intrinsic grace of orien¬ 
tal melody’. His suggestion is to use 
certain sets of intervals which are common 
to or are implied on the very nature of 
the Murchhana system discussed earlier. 

He cites the examples of Todi, Kalyani, 
Harikamboji, Kharaharapriya, Sankarab- 
haranam and Natabhairavi, which are all 
Murchhana-xolnicd and have common 
interval 212212 figuring in their relation 
(2 = full tone, 1 = semitone), which 
leads him to suggest ‘triads’ appropriate 
for a given Raga. 

This suggestion, although logical and 
in conformity with Western concepts, 
raises a very delicate poser to Indian 
musicians and musicologists. It is true 
that Murchhanas are practised even by 
renowned musicians both on vocal and 


instrumental modes. But the moment a 
switch-over is indicated from one Raga 
to the other, the ‘second-order effect’ will 
be seen to be different in bringing out 
the Raga personality as otherwise the 
purely scalar material alone will not be 
able to bring out the features. It is again 
in this context the pivotal role of tonic 
(Adara Shadja) in perceiving the rela¬ 
tional intervals that bring out the Raga 
needs emphasis: something which is 
anchoring our melody music. The intrinsic 
capacity of the brain to interpret the same 
whether or not the drone is on or off 
implies that perception of Raga melody 
is a highly conditioned affair. From such 
a point of view although his suggestion 
is practicable conceptually, it becomes 
questionable of it is in tune with raga 
system as developed and nurtured in 
Indian music. After all such triads are 
just combinations of ‘scalar material’ and 
as already mentioned earlier scalar 
material and full raga are never the same. 

In Chapter 6 he gives application of 
the theory of using triads to examples of 
Purandaradasa Gita in Malahari and a 
few more cases. Chapters 7 and 8 neatly 
summarize to the Western audience the 
‘form’ and ‘aesthetics’ of our melody 
music. The discussion on our Tala system 
in a simplified version (35-tala) in Chap¬ 
ter 2 is quite satisfying. 

Almost all the chapters contain illustra¬ 
tion of Ragas and composition in the 
staff notation, including, as indicated ear¬ 
lier, the possible use of triads for har¬ 
monization. Musical notation and 
definitions are briefly covered in Appen¬ 
dix 1 (which are for the Western readers) 
and a glossary (Carnatic music) also finds 
place at the end. 

The get-up of the volume is very good. 
There are a few printing errors which 
could have been avoided by careful edit¬ 
ing: For example, inconsistent but 
repeated alternate use of Melkarta , and 
Melakarta in bold letters and mis-spelling 
of Raga names at several places. 

The book is an important addition to 
the musical literature of India and a must 
for all musicologists and musical libraries 
in India and abroad. 

R. Srinivasan 

Department of Crystallography and 
Biophysics 

University of Madras 
Guindy 

Madras 600 025, India 
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Cooperative Science Programme 
(IJCSP) 


Department of Science & Technology (DST), on behalf of the India-Japan 
Science Council, invites applications from Indian scientists for financial support 
under India-Japan Cooperative Science Programme (IJCSP) for developing and 
implementing joint projects, including the purchase of equipment/consumables, 
etc., for hiring staff for joint projects and for organizing joint workshops, seminars 
and symposia on topics of mutual interest. Financial support is also available for 
round trip excursion class air-fare to Indian scientists visiting Japan and for 
providing local hospitality in India for Japanese scientists. The priority areas 
presently identified for joint research along with the names and addresses of the 
Indian/Japanese Project Coordinators are as follows: 


Area 


Indian Coordinator 


Japanese Coordinator 


Molecular 
Structure, 
Spectroscopy and 
D3mamics 


New Materials, 
including Polymers 


Prof. C. N. R. Rao 
President 

Jawaharlal Nehru Centre for 
Advanced Scientific Research 
Indian Institute of Science 
Campus 

Bangalore 560 012 

Prof, P. Rama Rao 
Secretary 

Department of Science & 
Technology, Technology 
Bhavan, New Mehrauli Road 
New Delhi 110 016 


Modem Biology 
and Biotechnology 


Prof. D. Balasubramanian 
Director 

Centre for Cellular and 
Molecular Biology 
Hyderabad 500 007 


Dr Keitaro Yoshihara 
Professor 

Institute for Molecular 
Science, Okazaki National 
Research Institute 
Myodaiji, Okazaki 444 


Dr Saburo Nagakura 
President 

Graduate University for 
Advanced Studies 
1560-35 Kamiyamaguchi 
Aza Makado 
Hayama, Kanagawa 227 

Dr Ikuo Takeuchi 
Director 

National Institute for Basic 
Biology, Okazaki National 
Research Institutes 
Myodaiji, Okazaki 444 
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Area 

Manufacturing 

Sciences 


Astronomy and 
Astrophysics 


In addition 
the beamline anc 

The scientists seeking support may send their application along with a 
two-page pre-proposal (including brief justification, specific advantages of collabora¬ 
tion, quantum of funding and duration) and a brief write-up on the infrastructure 
available at the institution of the applicant. The consent of the parent institution 
to support the activity is also required. 

The application may be submitted to the following address or may be directly 
communicated to the Indian Coordinator, as listed above: 

Programme Office 

India-Japan Cooperative Science Programme (IJCSP) 

International Division 

Department of Science & Technology (DST) 

Technology Bhavan, New Mehrauli Road 
New Delhi 110 016 

Last date for receipt of applications for the year 1995--1996 is 30 June 1995. 


Indian Coordinator 

Dr R. A. Mashelkar 
Director 

National Chemical Laboratory 
Pune 411 008 


Prof. R. Cowsik 
Director 

Indian Institute of 
Astrophysics 
Bangalore 560 034 


Japanese Coordinator 

Dr Manabu Kiuchi 
Professor 

Institute of Industrial Science 
University of Tokyo 
7-22-1 Roppongi, Minato-ku 
Tokyo 106 

Dr Daiichiro Sugimoto 
Professor 

College of Arts and Science 
University of Tokyo 
3-8-1 Komba 
Meguro-ku, Tokyo 153 


to the above areas, Indian scientists may also be assisted in using 
i solar energy facilities in Japan. 
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Ministry of Science & Technology 
Department of Science & Technology 

JSPS POSTDOCTORAL FELLOWSHIPS: 1995-96 

Department of Science & Technology (DST) invites applications from promising 
and qualified young researchers for Postdoctoral Fellowships to Japan within the 
framework of India-Japan Cooperative Science Programme (IJCSP) under the Japan 
Society for the Promotion of Science (JSPS) Postdoctoral Fellowships for Foreign 
Researchers Programme. Five Fellowships are available for a period of 12 months 
each (extendable by a maximum period of 12 months), to commence between 
1 April 1995 and 31 March 1996 in the priority areas of Molecular Structure, 
Spectroscopy and Dynamics; New Materials; Molecular Science; Modem Biology 
and Biotechnology; and Astronomy and Astrophysics. However, in exceptionally 
good cases, applications from other areas also may be considered. 

Eligibility; Applicant should: 

1. be a citizen of India; 

2. be a regular employee or an affiliate of a recognized scientific 
institution in India (like CSIR/UGC JRFs, SRFs and RAs); 

3. hold a doctorate degree when the Fellowship goes into effect, which 
doctorate degree must have been received within five years prior to 
1 April 1995; 

4. have arranged in advance his/her research plan with his/her Japanese 
host researcher; 

5. be able to forward the final application through proper channel of 
the Parent Institution, along with an undertaking by the institution 
that the Fellow will join back the institution and work at least for a 
period of 2 years for utilizing the research experience gained through 
the Postdoctoral Fellowship. 

Age: Preferably below 40 years. 
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Host Researchers in Japan 

The Japanese host researcher must be affiliated with the following type of 
Japanese institutions: 

1. Universities, 

2. Inter-university research institutes, 

3. Research institutes under the jurisdiction of the Ministry of Education, 
Science and Culture (the Monbusho), 

4. Scientific research corporations under the jurisdiction of the Monbusho. 

Terms of Award 

JSPS provides each fellow with the following support: 

1. Round-trip intermediate class air ticket between the international 
airport nearest the candidate's home institution and the international 
airport nearest to the host Japanese institution; 

2. Monthly stipend of Y270,000; 

3. Settling-in allowance of Y200,000; 

4. Monthly housing allowance not exceeding Y100,000; 

5. Monthly family allowance of Y50,000 if accompanied by dependents; 

6. Language training allowance in accordance with JSPS regulations; 

7. Accident and sickness insurance coverage for the fellow only. 

Guidelines for Submission of Application 

Application Forms can be obtained from the Programme Office, India-Japan 
Cooperative Science Programme (IJCSP), International Division, Department of 
Science & Technology, Technolbgy Bhavan, New Mehrauli Road, New Delhi 110 016. 
Request for application should be received latest by 10 June 1995 along with a 
self-addressed envelope (12x27 cm) entitled "JSPS PD Fellowship". The duly filled 
application form should be forwarded by the candidate through proper channel, 
as applicable to his parent institution. 

Application complete in all respects should reach the above address latest 
by 30 June 1995. 
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and Tuberculosis. To achieve our goals we are restructuring the Project Department and require: 
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the person. 

Apply within 10 days of issue of this advertisement with detailed resume, superscribing the envelope 
and the application the post applied for, to: 

Senior Manager - Personnel, 
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In this issue 


A closer look at ‘directed’ 
mutations 


Preparation of novel quantum 
states 

Nearly sixty years ago, Einstein, Podolsky 
and Rosen drew attention to the strange 
behaviour of certain quantum states which 
show nonlocal correlations between the 
results of measurements made on different 
particles at large spatial separation. Ever 
since, these ‘EPR’ effects have fascinated 
theoretical and more recently some ex¬ 
perimental physicists. Thirty years ago, 
John Bell sharpened the feeling that this 
behaviour cannot be classically understood 
as a theorem, which in turn has been 
sharpened in subsequent work. The article 
by F. Laloe (page 1024) presents a novel 
optical approach to preparing such states, 
which might ultimately lead to experimen¬ 
tal texts of some of the most paradoxical 
features of quantum mechanics. 

R. N. 

Overturning a belief: 
Non-occurrence of style 
length dimorphism in figs 

One of the most popular examples of 
plant-insect cooperation is provided by the 
fig and fig-wasp system. The figs provide 
flowers for the wasps to lay eggs, and the 
wasps pollinate the fig flowers. On closer 
scrutiny, however, it is seen that this ap¬ 
parently harmonious relationship (like 
many others) is actually a line balance 
between the two parties, each one trying to 
derive maximum advantage for itself As 
driven by natural selection, the fig would 
make the styles longer and longer so that it 
is more and more difficult for the wasp to 
usurp the flower by laying an egg in it (and 
thus preventing seed formation); however, 
the length should not be so long as to pre¬ 
vent any eggs being laid - the wasps are 
needed for pollination. On their part, the 
wasps w'ould make their ovipositor (the 
organ for depositing eggs) longer and 
longer so as to usurp as many flowers as 
possible, but not so long that it becomes 
too heavy a burden; nor should they usurp 
all the flowers-new trees need to come 
up. How does natural selection quantita¬ 
tively achieve the balance of power? 


A beautifully simple solution, proposed 
over three decades ago and accepted ever 
since, suggested that the fig produces two 
types of flowers, short and long. The 
wasps can usurp all the short ones, and 
seeds will be formed in all the long ones. 
The ovipositor length corresponding to the 
short style length is at a local maximum in 
fitness, since a small increase in length 
does not increase the number of flowers 
that can be unsurped. A coevolutionary 
equilibrium is reached wherein the fig tree 
has an upper hand-by controlling the 
fraction of short-styled flowers, it exclu¬ 
sively controls the proportion of flowers 
available for wasps. If aesthetic criteria 
alone were adequate for accepting an ex¬ 
planation, the bimodality-based argument 
would have continued to reign supreme. 

An exciting aspect of science is that, 
once in a while, an advance is made which 
overturns established beliefs, regardless of 
how elegant they are. A rare instance of a 
beautiful and well-accepted explanation 
turning out to be vulnerable to a detailed 
investigation is reported in the article 
by Kathuria et al. (page 1047). They have 
meticulously measured the lengths of 
over 1200 flowers from seven tropical 
monoecious fig species and seen only a 
unimodal distribution in each of the spe¬ 
cies; in fact, the usual normal distribution 
seems to fit the data quite well in every 
case. While some recent studies from 
Africa and from neotropics have presented 
some preliminary evidence against the bi- 
modal dogma, this article is the first one to 
do so in a much more quantitative and 
comprehensive manner. Another interest¬ 
ing feature reported in this article is that 
for some species the mean ovipositor 
length is greater than the mean style 
length - the wasps thus have the potential 
to usurp all the flowers. The authors have 
put forward a tentative but plausible ex¬ 
planation of this being an example of natu¬ 
ral selection operating on the variability of 
a character (in contrast to the magnitude of 
a character). Other instances of hostile 
coevolutionary dynamics (e.g. between 
prey and predator) may be profitably 
examined from this new and interesting 
angle. 

N. V. J. 


The role of chance in evolution was firmly 
entrenched ever since the classic experi¬ 
ments of Luria and Delbruck (the fluctua¬ 
tion test), and the randomness of mutations 
was taken for granted. Then in 1988, the 
startling results from Cairns and coworkers 
indicated that mutations could not only be 
nonrandom but also directional. In other 
words, the probability of a ‘favourable’ 
mutation taking place was higher. More 
explicitly, a (wild-type) bacterium which is 
unable to grow on, say, galactose has a 
certain probability of undergoing a muta¬ 
tion which then enables it to use galactose- 
However, if a wild-type is faced with a 
situation where galactose is the only avail¬ 
able food, the probability of a mutation 
taking place, which will enable it to use 
galactose, is higher than the earlier case 
(where there was really no need for such a . 
mutation)! 

This phenomenon on the face of it looks 
absolutely outrageous when seen from a 
conventional point of view-how can a 
bacterium ‘know’ what is good for it? 
Cairns’ results generated a heated contro¬ 
versy, and several objections were raised 
against the interpretation as well as ex¬ 
perimental protocol. Subsequent experi¬ 
ments by Barry Hall confirmed the results 
a fortiriori, but the consensus is yet to be 
reached about the basis of this pheno¬ 
menon. 

An underlying and unquestioned as¬ 
sumption here was that the directional 
mutations would always be more benefi¬ 
cial to the organism, almost by the 
very definition. In the article on page 1039 
of this issue, Watve et al examine this 
aspect in detail, based on a simulation 
of bacterial evolution in a chemostat. 
Interestingly, they find that under a re¬ 
stricted set of conditions, directional mu¬ 
tations showed iittle selective advantage’, 
thereby emphasizing the necessity' of tak¬ 
ing an even more careful look at this 
debate. 


'N'- V. j 
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JAWAHARLAL NEHRU CENTRE FOR 
ADVANCED SCIENTIFIC RESEARCH 

Jakkur P.O., Bangalore 560 064 

VISITING FELLOWSHIPS 

The Centre announces a programme to enable research scientists and 
engineers in educational institutions, R & D laboratories, etc., to spend 
up to 2 ~ 3 months in association with a member of the Faculty of 
the Centre. The Faculty members of the Centre are located in different 
leading institutions of the country and the actual place of work will 
therefore be decided on the basis of the research interests of the 
Visiting Fellow, in consultation with the concerned member of the 
Faculty in the area. The Visiting Fellow would be paid a consolidated 
honorarium between Rs 3000 and Rs 6000 per month during the period, 
in addition to round trip train fare between his place of work and the 
institution of the Faculty member. 

Research scientists and engineers in educational institutions, R & D 
laboratories, etc., with an interest in the broad areas of life sciences 
(molecular and developmental biology, biotechnology, genetics, 
ecology, behaviour, biomedical research), chemical sciences (solid 
state chemistry, inorganic and physical chemistry, organic chemistry), 
physical sciences (theoretical physics, mathematical physics, 
astronomy & astrophysics, fluid mechanics, experimental areas), 
engineering sciences (chemical, metallurgical, computer science) or 
atmospheric sciences are invited to apply. 

Application forms may be obtained by writing to The Coordinator 
of the Centre in Bangalore. Requests for application forms should reach 
him on or before 31 July 1995 for Fellowships during 1995-96. 

Last date for receipt of completed application form is 31 August 
1995. 
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Misconduct in science 

Misconduct in science has been the subject of much recent 
debate, particularly in the United States. The enormous 
publicity attached to the Baltimore-Imanishi Kari and Gallo 
cases was largely due to the extraordinarily high profile of 
some of the researchers involved. The participation of con¬ 
gressional committees and even the Secret Service in the 
Imanishi Kari case lent a touch of the ludicrous to an 
otherwise unpleasant episode. The Himalayan geology 
scandal at the Punjab University, Chandigarh, has been 
extensively highlighted in the journal Nature. The decisions 
of the academic bodies involved have been pilloried in 
strongly worded editorials. Plagiarism has been the central 
charge in a widely publicized case involving members of 
the faculty of Hong Kong University; an imbroglio which 
promises to be resolved only in a court of law (Nature, 
1994, 374, 301). The recent report of ‘doctored asymmetric 
synthesis’ in magnetic fields (Angew. Chem. Int. Ed. Engl., 
1994, 33, 1457) suggests that scientific judgement can often 
crumble before the temptations of instant fame and glory - 
a feature so vividly demonstrated by the cold fiision fiasco. 
Lest readers get the impression that lowered ethical stan¬ 
dards are a modem phenomenon, we review in this issue a 
recent book that attempts to debunk Louis Pasteur, one of 
the great scientific icons of our times. 

A common feature of the misconduct cases is that in the 
final analysis alleged perpetrators, whistle-blowers, osten¬ 
sibly impartial investigators and institutions charged with 
the responsibility of upholding scientific integrity, all end 
up with blackened faces. The fact that misconduct investi¬ 
gations reveal many unpleasant facets of the practice of 
science and dispel common (and unjustified) myths about 
science as an exclusive pursuit of tmth and its practitioners 
being as pure as the driven snow, does much to make the 
average scientist deny that transgressions are common. 

Scientific misconduct cases are rarely pursued and pub¬ 
licized in India. Even the Gupta case in Chandigarh was 
more widely discussed abroad than in the pages of our jour¬ 
nals. A recent plagiarism case at the University of Poona 
and a similar happening on the pages of this journal (Curr. 
Sci., 1994, 67, 396-397) have prompted a newspaper to 
level charges against a senior physicist at the Tata Institute 
of Fundamental Research. In this issue, both the accusations 
and the response are printed - an action which we hope will 
set the record straight and end uninformed speculation that 
often damages all concerned. At first glance, the charges 


EDITORIAL 

made do not appear too serious - a thesis supervisor using 
pages from a student’s thesis, verbatim, in an invited review 
article without, due acknowledgement. However, when 
looked at closely, the issues of authorship and credit¬ 
sharing emerge, both of which are central to the conduct of 
collaborative research. Much of modem science is the result 
of interactions between large numbers of individual re¬ 
searchers. Apportioning of credit is thus a sensitive and, 
sometimes, contentious matter. The attendant problems 
span an entire spectmm, ranging from overly restrictive 
authorship to cases of ‘honorary authors’, who most often 
occupy administrative positions, without participating in the 
planning, execution, interpretation or presentation of re¬ 
search. In the case of thesis supervisors and students, the 
relationship is often a privileged one, much like that be¬ 
tween husband and wife. Almost every active academic will 
have a tale to recount, where the doctoral thesis of a student 
was largely the result of the supervisor’s scientific and liter¬ 
ary efforts. Fortunately, there will be just as many (if not 
more) examples where students with minimal guidance 
have produced marvellously scholarly dissertations. These, 
in a sense, are the salt of the earth. We have to evolve pro¬ 
cedures by which they are recognized and encouraged, for 
they may be made of the stuff that will truly advance our 
science. Scientific misconduct can range from selective 
presentation of experimental data to support pet hypotheses 
(‘there are none so blind as those who will not see’), un¬ 
ethical behaviour on the part of referees, editors and col¬ 
leagues, plagiarism to outright fraud. Detection is often 
difficult and delayed, but the overwhelming strength of sci¬ 
ence is that none of this alters dramatically the course of its 
progress. Indeed, Joshua Lederberg argues that ‘sloppy 
research extracts a greater toll than misconduct’ (^Scientist, 
Feb. 20, 1995, p. 13). Should misconduct be punished? 
Who will act as jury and who will be the judges passing 
sentence? Academic institutions have a special responsibil¬ 
ity to see that minor transgressions lead to at least a ‘mild 
rap on the knuckles’ and that major misdemeanours are not 
brushed under the carpet. The reluctance to disturb apparent 
tranquility is sometimes mistaken as a licence to behave 
unethically. At the same time, self-righteous crusades, 
which most often cause greater damage to the innocent than 
to the guilty must be avoided. Witch hunts do not become 
modem science. Journals and editors have, of course, a 
special responsibility to ensure that the pages of their publi¬ 
cations do not become a vehicle for carrying out scientific 
and personal vendettas. Also, we must not forget that the 
unwritten codes of conduct are only infrequently violated in 
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science and that cases of outright fraud are rare. This can 
hardly be said of many other professions. We must have 
confidence in ourselves and our colleagues. Peter Medawar 
said it best when he noted the importance of ‘confidence as 
a bonding agent in the advance of civilization as it is indeed 
throughout professional life. Do not, lawyers, bankers, cler¬ 
gymen, librarians and editors, tend to believe their fellow 
professionals unless they have very good reason to do 
otherwise? Scientists are the same. The critical scrutiny of 


all scientific findings - perhaps especially of one’s own- 
is an unqualified desideratum of scientific progress. With¬ 
out it science would surely flounder - though not more 
rapidly perhaps than it would if the great collaborative ex- ‘ 
pertise of science were to be subjected to an atmosphere of 
waiy and suspicious disbelief 

P. Balaram 
S. Ramaseshan 


CORRESPONDENCE 


A report in the Economic Times (13 December 1994) made a charge that an article that was published in this jour-, 
nal in 1983 had sections identical to portions of a Ph D thesis and raised the issue of plagiarism. This charge has 
been repeated by a member of this JournaTs current Editorial Board (see below). The letter also cites the publica¬ 
tion of a note regarding a case of alleged plagiarism in the 10 September 1994 issue. The present case is more 
complex, since the article under consideration was an invited review and the author the research supervisor of the 
student involved. The material had been published elsewhere jointly, by the two individuals. The absence of due ac¬ 
knowledgement to the source of the material and verbatim reproduction of paragraphs from the thesis may not 
constitute a major, intentional offence and could be construed, at worst, as a lapse of judgement. However, in view 
of the adverse publicity associated with the issue, and in an attempt to end the controversy, we publish below a set of 
letters which will hopefully clarify the situation. The letters written by S. K. Dhar and R. Vijayaraghavan were in response 
to letters from the Editors, eliciting their reactions. We shall not entertain further correspondence on this specific case. 


Plagiarism? 

1. Current Science published a paper in 
1983 by R. Vijayaraghavan of TIER titled 
‘Magnetic behaviour of RRh 3 B 2 ternary 
borides’ (1983, 52, 518-527). Late last 
year, there appeared in the press a sub¬ 
stantiated story to the effect that this paper 
was plagiarized from the Ph D thesis of a 
(then) student of Vijayaraghavan, without 
so much as even an acknowledgement of 
the student’s work. 

2. I have since obtained a copy of the 
relevant portions (Chapter II) of the thesis 
of the (then) student, S. K. Dhar. I am 
attaching these portions with this letter. It 
is evident that major contents of the Vi¬ 
jayaraghavan paper published in Current 
Science are a straight lift from the thesis of 
S. K. Dhar; portions are verbatim repro¬ 
ductions. You will be able to confirm for 
yourself the unacknowledged concordance 
between the Vijayaraghavan paper and the 
Dhar thesis. 

3. I believe that this amounts to pla¬ 
giarism. Should you concur with my 
assessment, you could ask: What can be 
done now, twelve years after the offend¬ 
ing paper appeared in Current Science! 

4. I suggest that everytime it is 
alleged on the basis of credible evidence 
that a paper published in Current 


Science is plagiarized. Current Science 
should proceed along the correct line of 
action you have taken with the Aslam 
paper {Curr. Sci., 1994, 67, 396-397) and 
publish a notice prominently in Current 
Science about the plagiarism event. 

V. Siddhartha 

51 Bharati Nagar 
New Delhi 110 003, India 


Responses 

This is in response to your letter dated 
14 March 1995. The paper under dis¬ 
cussion appeared in Curr. Sci., 1983, 
52, 518-527. I was abroad working as a 
postdoctoral fellow at the Ames Labora¬ 
tory, Iowa State University, USA, from 
1 January 1983 to 31 December 1984. I 
had left around mid-December 1982 and 
returned to TIER in January 1985. I was 
not aware of the above-mentioned paper 
until recently when it became public 
knowledge due to an article that ap¬ 
peared in the press. 

The work reported in my thesis was 
done under the guidance of Prof S. K. 
Malik and Prof R. Vijayaraghavan (my 
Ph D registration at Bombay University 
was only with the latter). Most of the 


- Editors 

experimental work pertaining to my 
thesis work and the data analysis was 
done by me at TIER. Low-temperature 
(in the liquid helium temperature range) 
magnetization measurements on some 
samples, on which the magnetization 
data down to liquid nitrogen tempera¬ 
ture had initially been taken by me at 
TIER, were carried out at the University 
of Pittsburgh, USA. At that time our 
group did not have proper facility to 
measure the magnetization in the liquid 
helium range. The initial drafts of most 
of the published papers were written by 
me. Several papers were published from 
the research work pertaining to my the¬ 
sis. In all these papers both my super¬ 
visors were co-authors. The composition 
and the write-up of my thesis was en¬ 
tirely my own effort. 

S. K. Dhar 

Tata Institute of Fundamental Research 
Homi Bhabha Road 
Bombay 400 005, India 


You have asked me to give my views 
regarding the controversy about the 
paper ‘Magnetic behaviour of RRH 3 B 2 
ternary borides’ published in Curr. Sci., 
1983, 52, 518-527. Since it is nearly 12 
years since the publication of the paper. 
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1 may not be able to recall all the 
details. 

I was asked by the Editor to contribute 
an article for Current Science. Similar 
invitations seem to have been sent to other 
scientists as well. I notice that a good 
number of articles, in Vols 51 and 52 
(1982, 1983), published in this category 
are in the nature of reviews, mostly by a 
single author. Regular research articles 
featuring new results seem to appear under 
the headings ‘The Articles’ and ‘Short 
Communications’. Basically, my paper 
was an invited review article, covering 
substantially the results published in sci¬ 
entific journals along with my colleagues 
as co-authors and the results from other 
workers referred to in the article (for ex¬ 
ample, 1. Rhodes et al., Proc. Roy. Soc., 
1963, 273, 247; 2. Ku et al.. Solid State 
Commun., 1980, 35, 91). One scientist 
who is intimately connected with this work 
from the beginning and made important 
contributions is my colleague Prof S. K. 
Malik. My student Dr. S. K. Dhar’s thesis 
was completed in 1982, and while the 
Ph D work was going on, we also wrote a 
few papers (listed below) for publication 
based on the work. At the end of the 
review article, I had expressed my grati¬ 
tude to my colleagues of the Solid State 
Physics group (which includes my student) 
for the help, and to Prof W. E. Wallace of 


the Chemistry Department, University of 
Pittsburgh, USA, where some of the meas¬ 
urements on the magnetic properties of 
rare-earth rhodium borides, reported in the 
article, were made. As the Current Science 
article contains the salient information 
featured in the following papers, it is pos¬ 
sible that the text of a chapter of the un¬ 
published thesis was not changed in the 
review article. 

1. Dhar, S. K., Malik, S. K. and Vijayaraghavan, 
R. (Tata Institute of Fundamental Research, 
Bombay 400 005, India), Strong itinerant mag¬ 
netism in ternary boride CeRhiB 2 , J. Phys. C. 
Solid State Phys., 1981, 14, 321. 

2. Qhar, S. K., Nagarajan, R., Malik, S. K. and 
Vijayaraghavan, R. (Tata Institute of Funda¬ 
mental Research, Bombay 400 005, India), 
Valence state of europium and magnetic order¬ 
ing in l£uRh 3 B 2 - *^*Eu Mossbauer study, 
Proc. INSA, New Delhi, 1982, p. 792. Special 
volume on International Conference on the 
Applications of the Mossbauer effect, 14-18 
Dec. 1981. 

3. Malik, S. K., Dhar, S. K.. and Vijayaraghavan, 
R. (Tata Institute of Fundamental Research, 
Bombay 400 005, India), Magnetic and NMR 
investigation of RRH3B2 (R = La to Gd) 
compounds, J. Appl. Phys., 1982, S3, 8074. 

4. Malik*, S. K., Vijayaraghavan*, R., Blotich, 
H. B., Wallace, W. E. (Department of Chemis¬ 
try, University of Pittsburgh, Pittsburgh, PA 
15260, USA), and Dhar, S. K. (Tata Institute of 
Fundamental Research, Bombay 400 005, 
India), Itinerant magnetic ordering in EuRh 3 B 2 , 
Solid State Commim., 1982, 43, 461. 


5. Malik*, S. K., Vijayaraghavan*, R., Wallace, 
W. E. (Department of Chemistry, University of 
Pittsburgh, Pittsburgh, PA 15260, USA), and 
Dhar, S. K. (Tata Institute of Fundamental 
Research, Bombay 400 005, India), J. Magn. 
Magn. Mat., 1983,37, 303. 

*Permanent address: Tata Institute of Fun¬ 
damental Research, Homi Bhabha Road, Bom¬ 
bay 400 005, India. 

Also, my colleagues Dr S. K. Dhar and 
Prof S. K. Malik continued to work on 
this system using other techniques around 
the same time and published the following 
two papers: 

1 . Devare, S. H., Dhar, S. K., Malik, S. K. and De- 
vare, H. G., Quadropole interaction ... in RRh 3 B 2 
compounds. Hyp. Int., 1983,15/16, 705. 

2. Hakimi, M., Hubner, J. G., Delong, L. E., 
Malik, S. K. and Dhar, S. K., 'I'emperature 
dependence of electrical resistivity of itinerant 
ferromagnetic CeRh 3 B 2 , J. Less Comm. Met¬ 
als, 1983,94, 153. 

During my long research career of over 
40 years, many colleagues who had ob¬ 
tained their Ph D degrees working with me 
have grown as distinguished members of 
the condensed-matter physics group. Dr. S. 
K. Dhar is one of them and we continue to 
work together. 

R. Vijayaraghavan 

Tata Institute of Fundamental Research 
Homi Bhabha Road 
Bombay 400 005, India 


Indian science slows down 


References 1 and 2 published macro¬ 
level scientometric indicators showing 
national performances in publication 
output for the eighties. Indicators for 
the first half (1980-1984) and the sec¬ 
ond half (1985-1989) were determined 
separately so that relative change could 
be measured. These indicators were 
compiled from the Science Citation 
Index (SCI) database. Five major fields 


were identified: life sciences - clinical 
medicine, biomedical research, biology; 
physics - physics, earth and space sci¬ 
ences; chemistry; engineering; mathe¬ 
matics. All countries which published at 
least 50 first authored papers in the field 
in question during the periods of study 
were included. 

Table 1 shows an extract from the 
various tables appearing in References 1 


Table 1. India’s publication output (world share in brackets) and change from 

1980-84 to 1985-89 



1980-84 

1985-89 

Change from 
1980-84 to 1985-89 

Life sciences 

21,570 (1.9%) 

15,909 (1.3%) 

-26.2% 

Engineering 

6746 (3.2%) 

7586 (3.2%) 

+12.5% 

Mathematics 

1846 (3.6%) 

883 (1.9%) 

-52.2% 

Physics 

12,687 (3.4%) 

11,598 (2.7%) 

-8.6% 

Chemistry 

14,030 (5.3%) 

11,718 (4.1%) 

-16.5% 

All sciences 

57,655 (2.8%) 

47,372 (2.1%) 

-17.8% 

World total for all sciences 

2,026,902 

2,223,883 

+ 9.7% 


and 2. A worrisome slowing down of 
the Indian science is apparent. While 
the world output increased by 9.7% 
from the first half to the second half of 
the decade, India’s contribution dropped 
by an alarming 17.8%. There was a 
gradual decline in all areas of science, 
except for engineering, where India barely 
held its own share of world output. 

These are crude measures relating to 
quantity. Measures of quality in terms of 
citation impact from References 1 and 2 
show that although India had the 10th 
rank among 173 countries when ranking 
was done by percentage share in world 
publication output in 1985-1989 for all 
science fields combined, its rank 
dropped to 70 when ranking was done 
using the mean observed citation rate as 
a percentage of the world average dur¬ 
ing the same period. It cannot, there¬ 
fore, be argued that an actual trimming 
down of excess fat to produce work of 
better quality was taking place during 
the decade. 
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These statistics are cause for concern. 
If these trends continue, India’s place 
in the world of science and its ability 
to use its technological strength to 
produce national wealth and com¬ 
pete globally will be greatly compro¬ 
mised. 


1. Braun, T., Glanzel, W., Maczelka, H. and 
Schubert, A., Scientometries, 1994, 29, 
299-334. 

2. Braun, T., Glanzel, W., Maczelka, H. and 
Schubert, A., Scientometries, 1994, 31, 
3-30. 


G. Prathap 

National Aerospace Laboratories 
Bangalore 560 017, India 


On Current Science 

I would like to share and partly agree 
with the views of M. S. Hegde pub¬ 
lished on pp. 480-487 {Curr. Sci., 68, 
10 March 1995) regarding the present 
trend of publications in Current Sci¬ 
ence, I had earlier thought that the for¬ 
mat was intended to develop on the 
patterns of Nature and Science. In the 
recent years, however, a sizeable section 
of each issue has tended to become a 
science magazine, little better than Sci¬ 
ence Reporter. For instance, the article 
‘New roles for RNA’ published under 
Research News section on pp. 488-490. 
(10 March 1995) is no more than text¬ 
book material, which should not find a 
place in a journal like Current Science. 
Although Current Science is serving a 
useful purpose of developing awareness 


about the most recent developments by 
publishing good review articles, it is not 
doing so well in publication of many 
full papers containing original research, 
as done in Nature and Science. 

P. K. Gupta 

Department of Agricultural Botany 
Meerut University 
Meerut 250 005, India 

The purpose of Research News is to 
highlight recent research for a wide 
audience. The quality and number of 
original research papers we publish in 
each issue is a fair reflection of sub¬ 
missions received by the journal, which 
pass the process of peer review. 

- Editors 


NEWS 

Report on DAE Solid-State Physics Symposium, 1994 


The 37th Solid-State Physics Sympo¬ 
sium, 1994, was held at the University 
of Rajasthan, Jaipur, during 27-31 De¬ 
cember 1994. More than 800 contri¬ 
buted papers and about 35 Ph D theses 
abstracts had been received by the Sym¬ 
posium Secretariat. After screening, 485 
papers and 34 theses were accepted for 
presentation at the Symposium. Nearly 
375 participants attended the meeting. 
The following gives a brief summary of 
the proceedings of the Symposium, ex¬ 
cept for a few invited talks which I 
could not attend. 

In his presidential remarks at the in¬ 
auguration of the Symposium, R. Chi¬ 
dambaram, Chairman AEC, mentioned 
that the Symposium has always served 
as a source for the beginning of a new 
science in the country, as it brings out 
new discoveries, new spin-offs, new 
applications, etc., that have taken place 
in India and elsewhere. He emphasized 
the importance of design and develop¬ 
ment of experimental facilities in the 
country and cautioned against total reli¬ 
ance on imported equipment. He said 
that one can be rest assured of obtaining 
obsolete technology if we are looking 
for import of proven technology. He 
underlined the need to go for certain 
amount of risks to innovate and develop 


new techniques and technologies even if 
not proven. He suggested that we should 
maximize optimally and synergetically 
the scientific interactions through the 
national laboratory system and the uni¬ 
versity system. He said that we should 
examine where the strengths of con¬ 
densed-matter research lie so that one 
can mesh with industrial requirements 
of the country. Referring to the 
‘importance of science’ - in Peter 
Medawar’s words - he suggested that a 
considerable part of our efforts should 
be recognized as ‘important science’. 

R. N. Singh, the Vice-Chancellor of 
Rajasthan University, inaugurated the 
Symposium. He made several interesting 
remarks concerning the need for enhancing 
the work in applied areas. He lamented 
that there are no links at all between uni¬ 
versities and industries, ‘universities’ to be 
interpreted as all the departments of solid- 
state physics, wherever they exist. Profit 
maximization being the end goal of busi¬ 
ness houses, he said that if one were to 
seek support from the industry for re¬ 
search, one has to demonstrate that our 
efforts lead in substantial manner to profit 
to the industry. 

The first invited talk, by Nagarajan 
(TIFR), dealt with the excitement of the 
discovery of a new class of high-Tc ma¬ 


terials, namely, quaternary rare-earth 
borocarbide family, at TIFR. There has 
been intense flurry of activity in the 
world all over on these materials since 
then. It is expected that these materials 
may be more amenable to processing for 
high-fc superconducting applications. 
An ‘index of excitement’ to which he 
referred to was the large number of 
publications - nearly 100 papers- 
within a year of setting up a ‘mini high- 
Tc race’. 

Budhani (IIT, Kanpur) talked about 
‘vortex localization in high-Tc super¬ 
conductors’ and dealt with ways and 
means of reducing vortex creep in these 
materials by creation of columnar de¬ 
fects which are amorphous in nature. 
These defects are created by high- 
energy (nearly 250 MeV) heavy-ion (for 
example, silver ions) irradiation. In the 
context of the availability of heavy-ion 
accelerators in the country, this is an 
area in which there is scope for carrying 
out developmental work on high-Tc 
materials. The talk dealt with the vari¬ 
ous aspects of Bose-glass transition to 
understand the underlying mechanism of 
reducing vortex creep. 

The seminar on materials processing 
for applications was coordinated by 
V. C. Sahni (BARG) and the one on 
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diamond films by Dua (BARC), on 
semiconductor films by S. K. Gupta 
(BARC) and on development of semi¬ 
conductor devices for advanced appli¬ 
cations by B. K. Sharma (SSPL). Dua 
has used high-temperature chemical 
vapour deposition techniques to develop 
diamond films in various forms like 
tubes, coils and thin films, as well as to 
coat tool tips with diamond. He dis¬ 
cussed the methods of characterization 
of the material, especially by laser Ra¬ 
man technique. The diamond-coated 
tools have been three times more wear- 
resistant than the conventional hardened 
tools. He stated that beyond the silicon 
age, one is stepping into the so-called 
‘diamond age’ for various applications. 
The talk on semiconductor devices by 
Sharma dealt with details of technologi¬ 
cal efforts being made at SSPL with 
regard to mercury-cadmium telluride 
preparation by liquid epitaxy, molecular 
epitaxy and other techniques. Sharma 
discussed the details of fabrication of 
one- and two-dimensional IR sensor ar¬ 
rays. The talk showed the extent of qual¬ 
ity and effort needed in these 
developmental activities and how one 
has to strive hard to achieve end-goals 
in time-bound programmes. 

The talk by Roger Cowley (Oxford 
University, UK) dealt with magnetic 
multilayers, which are important for 
applications in various devices, espe¬ 
cially in magnetic sensors, magnetic 
pick-ups, etc. He discussed in detail the 
behaviour of rare-earth multilayers in 
systems like AgCuY and FeCoHo from 
the viewpoint of magnetic structure, as 
derived from neutron diffraction. Co¬ 
herence length derived from the width 
of magnetic Bragg peaks was shown to 
be nearly 1000 A. From a detailed 
analysis of the data he showed that the 
spin turn angle continues through the 
nonmagnetic layers also in AgCuY. He 
concluded that one should consider the 
band structure of the entire superlattice 
and not just that of the individual bulk 
layers for understanding the magnetic 
behaviour of these systems. He stated 
that the nature of interaction is not 
given by {Sj • Sj ) in RKKY theory. 

The next talk, by Krishnan (Baleveau, 
France), related to multilayered materi¬ 
als for high-density magnetooptic stor¬ 
age devices. He stated that rare-earth- 
based alloy films (like TbFeCo) which 
are amorphous and posses continuous 


solid-solution structure can be candidate 
materials for magnetooptic storage de¬ 
vices as they have a strong magnetic 
anisotropy. It is quite likely that, as 
further miniaturization of devices takes 
place, rare-earth-based thin films would 
be replaced by Co/Pt, Co/Pd films with 
layer dimensions of the order of 5-10 A. 
He also discussed Nii.^cCoj^/Pt multilay¬ 
ers; on the basis of properties studied so 
far, they are considered potential candi¬ 
dates for future storage devices. 

Disordered magnetic systems are the 
most studied systems amongst all disor¬ 
dered systems. Paulose (TIFR) in his 
talk ‘Reentrant magnetism in metallic 
glasses’ discussed the origin of spin 
glass behaviour below a certain critical 
concentration in systems like M;cNi_;c. 
Well above this critical concentration, 
ferromagnetism may be the order. He 
said that in the intermediate region the 
behaviour is quite complex. Paulose 
discussed the details of measurements 
on metallic glasses carried out at TIFR 
and discussed a number of phase dia¬ 
grams for various compositions of Fe- 
based glassy materials, derived from a 
variety of magnetization measurements 
like AC susceptibility, hyperfme field 
measurements, etc. He raised a query as 
to whether the reentrant phase is inevi¬ 
table in these materials. He also brought 
out some aspects of spin glass transi¬ 
tions and their relation to coercivity 
increase, and left the question as to 
which is causing which phenomenon 
unanswered. He ended his talk by stat¬ 
ing that reentrant magnets should be 
considered as an indepen^ient class of 
materials like paramagnetic, ferromag¬ 
netic or antiferromagnetic materials. 
During discussions it was pointed out 
that a lot more work needs to be carried 
out in these systems, e.g. specific heat 
measurements, nature of magnetic exci¬ 
tations, and detailed structural aspects. 

Anjali Krishnamoorthy’s (Jaipur) talk 
‘relaxation in flne-particIe magnetic 
systems’ related to magnetic properties 
of small particles, a subject which has 
been of interest over the last forty years. 
Renewed interest has arisen because of 
the efforts to explain the spin glass be¬ 
haviour in these systems on the basis of 
superparamagnetism. Depending upon 
the size of the particles, there is a com¬ 
petition between barrier energy for 
flipping and thermal energy leading to 
various states like stable magnetic state 


or superparamagnetic state, etc. Review¬ 
ing the published literature from Dor¬ 
man and others, she showed that there 
seems to be a scaling behaviour with 
respect to the volume of the particles, 
with dipole-type interactions involved. 
Interparticle interactions, concentration 
dependence and field dependence all 
exhibit spin-glass-like behaviour. 

One of the highlights of the sympo¬ 
sium was the evening lecture by P. K. 
Iyengar, Member AEG, dealing with the 
early days of neutron scattering and his 
association with the activities of that 
period at Chalk River and later in India. 
Neutron scattering techniques have be¬ 
come universal techniques irrespective 
of institutions, facilities, etc. He cov¬ 
ered the historical aspects of work 
referring to Rainwater, Fermi, Wolian 
and Shull, and others. Later he traced 
the developments in inelastic neutron 
scattering at Brookhaven by Don 
Hughes and others and by Brockhouse 
at Chalk River on various materials like 
AI, V, Ge, etc. He also referred to the 
results of the early neutron diffraction 
studies in Trombay on various systems. 

K. B. Garg’s (Jaipur) talk ‘Natural 
and fake gem stones’ related to an ac¬ 
count of their initial forays in the field 
on characterization of gems. He referred 
to efforts to enhance the commercially 
valuable characteristics of gems by 
various treatments, to inadequacy of 
understanding the enhancement and to 
the problem of the so-called new gems, 
which are a mixture of sillimanite with 
feldspar. Advanced techniques like 
XRD, STM and atomic force rnicros- 
copy have been used by the Jaipur 
group for analysing the quality of gems. 
He stated that there is a need for 
planned characterization activities to be 
able to distinguish fake (synthetic) from 
true (natural) gems and also to decipher 
whether the enhancements were ever¬ 
lasting or transient. 

Properties like specificity, drug 
binding, etc., of proteins are related to 
the three-dimensional structure of pro¬ 
teins. K. K. Kannan (BARC) in his talk 
‘Advances in crystallographic tech¬ 
niques’ dealt with various methods of 
protein crystallization, emphasizing the 
fact that protein crystals could be much 
more expensive than natural gems that 
Garg referred to earlier. He discussed 
the various aspects of cryoelectron dif¬ 
fraction, image intensifiers with charge- 
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coupled devices, reusable image plates, 
direct X-ray detection using CCD cam¬ 
eras, which are some of the innovative 
devices that have been introduced in 
macromolecular crystallography during 
the past 10 years. He dealt with some 
utilities like rotation and Weissenberg 
cameras which have made a comeback 
as computer technology and detection 
devices have made large-scale im¬ 
provements in collecting large amounts 
of data. Kannan’s talk was relevant in 
the context of utilization of INDUS-II 
synchrotron, which may come on stream 
at Indore in about five years time. He 
also referred to the National Facility for 
Macromolecular Crystallography, which 
has just been established at BARC in 
this context. This facility helps re¬ 
searchers from many institutions to 
come to BARC to synthesize macro¬ 
molecules, crystallize them and take 
diffraction patterns by using rotating- 
anode generator and image plates and 
also analyse the data using the computer 
software and graphic support available 
at BARC. 

There were a few talks concerning 
first-principle calculations of the prop¬ 
erties of materials. The calculations aim 
at obtaining the total energy of the 
electronic ground state for several ionic 
configurations and arrive at the struc¬ 
ture that corresponds to the minimum 
energy. With the availability of parallel 
processors in the country, based on 
density functional theory, several stud¬ 
ies have now been carried out in simple 
systems. 

R. S. Rao (BARC) discussed some of 
the details of this approach and illus¬ 
trated specific examples from their own 
study: (i) crystal approximant of a qua¬ 
sicrystal; (ii) Auln 2 alloy to explain 
thermoelectric power anomaly as a 
function of pressure; (iii) behaviour of 
high-Tc borocarbides at high pressures, 
and so on. 

The talk on scaling behaviour of non¬ 
linear conduction by Bardhan (IITK) 
dealt essentially with disordered amor¬ 
phous systems like binary mixtures of 
conductors, glasses, conducting poly¬ 
mers, etc. 

The talk by R. C. Desai (Toronto 
University, Canada) dealt with ‘Pattern 
formation in laser-induced melting’, in 
which he referred to the fact that nature 
is full of labyrinth of patterns, be they 
pertaining to a zebra or a binary liquid 


mixture; such patterns are ubiquitous. 
Some of these patterns are circular in 
topology and some cellular. These pat¬ 
terns span microscopic to macroscopic 
dimensions. By application of external 
fields, in certain systems one can go 
from one type of topology to another. 
So, one is interested in the kinetics of 
pattern formation. Desai and co-workers 
have carried out experiments in which 
I'pm thick silicon is deposited on a 
sapphire base of 500 )im and laser light 
from Nd-Yag is shone on this system. 
Depending upon the intensity of the 
laser beam, one can have coexisting 
solid-liquid semiconducting film cre¬ 
ated on the substrate. These patterns are 
occasionally ordered and occasionally 
disordered. In ordered patterns, perio¬ 
dicity is that of the 10.6 pm laser beam. 
When the laser intensity is small, the 
pattern breaks down. The ordered pat¬ 
tern is understood on the basis of elec¬ 
trodynamics. In order to explain these 
interesting phenomena, which are non¬ 
equilibrium in character, Desai dis¬ 
cussed the role of the energy of 
interfaces, which gives the interfacial 
contribution to the free energy, and of 
superheating of the solid phase and un¬ 
dercooling of the liquid region, which 
gives the bulk contribution. Similar 
patterns are seen in ferrofluids, co-block 
polymers, etc. One aim of the study is to 
understand the higher reflectivity of the 
melt, which is sufficient to explain the 
observed pattern. Model-building exer¬ 
cise to explain these is the most interest¬ 
ing aspect of the study. Desai talked 
about order parameters 0(r, t), which is 
related to the existence of the solid or 
liquid phase, and T(r, t) which is related 
to the temperature field. He discussed 
later the details of the thermal dynamics 
taking into account diffusion, heat pro¬ 
duction, energy input from lasers and 
energy output to heat sink. Stability 
analysis is carried out under certain 
approximations of large latent heat. He 
demonstrated that the mechanism of 
higher reflectivity of the molten regions 
can lead to the observed patterns. 

In the talk on amorphization, we 
learnt that high pressure is one of the 
means of amorphizing materials. How¬ 
ever, unlike melt-quenched systems, 
pressure-quenched systems are not un¬ 
derstood in terms of the underlying 
mechanisms. It is stated that amorphi¬ 
zation occurs because of .kinetic frustra¬ 


tion and this happens in a variety of 
materials. Molecular dynamic studies 
have been carried out using MOLDY 
program of Chaplot to delineate the 
various properties of alpha quartz, 
showing clearly how atoms change their 
coordination. Effects of nonhydrostatic- 
ity have been examined but in this 
write-up one cannot discuss all the data 
that were presented. 

The last day saw three invited talks, 
one by Apoorva G. Wagh (BARC): 
‘Why neutron acquires a pure geometric 
phase’, dealing with intricate theoretical 
aspects associated with neutron inter¬ 
ferometry - which I could not follow 
easily - and some of the recent experi¬ 
ments concerning the first demonstra¬ 
tion of anticommutativity of the Pauli 
spin operator. The speaker had proposed 
this experiment and had recently taken 
part in the same at Missouri Research 
Reactor. The second talk, ‘Phase jumps 
and discontinuities in the evolution of 
two-state systems’, by Rajendra Bhan- 
dari (RRl), also related to interferome¬ 
try. This talk covered a wide spectrum 
of topics like classical analogue of geo¬ 
metric phase, geometric phase lens and 
even cholestric liquid crystal. The last 
talk of the Symposium was on molecular 
electronics, by Ratna S. Phadke (TIFR). 
Molecular electronics has been of inter¬ 
est for more than two decades and the 
talk gave a state-of-the-art review of the 
subject, which shows a lot of promise 
for the future. 

One must compliment the young 
doctoral students who made presenta¬ 
tions of their important findings through 
their theses presentations. In several 
presentations, I found that they were of 
a high professional calibre, as reflected 
by the thoroughness with which detailed 
investigations had been carried out. 
Whether it was the magnetic properties 
of rare-earth compounds/alloys or the 
effect of nonstoichiometric oxygen dis¬ 
tribution in oxide superconductors or 
positron annihilation spectroscopy in 
relation to nucleation and growth 
mechanism of bubbles in various mate¬ 
rials or superconducting and magnetic 
properties of rare-earth borides, the 
works presented by these students en¬ 
compassed important problems, the 
solution to which can give birth to very 
rich new physics. So, it is not only the 
evolution of the students into mature 
researchers which was evident but also 
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their important contributions in this 
process to real problems. 

I must confess that I do not go 
through posters extensively - I have a 
phobia perhaps. However, during my 
rounds in the poster sessions, I found 
that a few studies lacked proper motiva¬ 
tion; in one or two cases the theoretical 
analysis of the experimental data was 
not very transparent. But this is in the 
nature of the wide spectrum of contri¬ 
butions that we do receive in symposia. 
Hopefully, the quality will improve and 
we shall see better work in the future 


symposia. Obviously, I cannot comment 
on the content of specific posters be¬ 
cause they are too many, and adequate 
time was not available to go through 
them in any depth. However, two post¬ 
ers which drew my attention were on (a) 
Nb/Al 203 /Nb Josephson-junction-based 
development of 1 V level voltage stan¬ 
dard, which is at par with international 
level having an uncertainty of 1 in 10^ 
at NPL and (b) quaternary critical-point 
studies carried out at IISc. 

The thesis ‘Magnetic and 4f elec¬ 
tronic quadruple anomalies in rare-earth 


compounds’, by Indranil Das (TIFR), 
was adjudged as the Best Presented 
Thesis by a panel of judges consisting 
of Drs P. S. Goyal (BARC), B. K. Sri- 
vastava (Jaipur), K. K. Bardhan (SINP) 
and V. P. S. Awana (TIFR). 

The invited talks will be published as 
a special issue of the Indian Journal of 
Pure and Applied Physics as was done 
last year. 


K. R. Rao, Bhabha Atomic Research 
Centre, Bombay. 


The 1994 Goldschmidt Conference, Edinburgh 


The fourth V. M. Goldschmidt Confer¬ 
ence, an international conference for the 
advancement of geochemistry, held at 
Edinburgh (Scotland, UK) from 28 
August to 2 September 1994 was a 
grand and mammoth event organized by 
the European Association of Geochem¬ 
istry (EAG) and the Department of Geo¬ 
logy and Geophysics, University of Ed¬ 
inburgh. The supporting institutions of 
the conference, among others, included 
the Geochemical Society, American 
Geophysical Union (AGU), Mineralogi- 
cal Society of Great Britain and Ireland, 
Geological Society of America (GSA) 
and the International Association of 
Geochemistry and Cosmochemistry 
(lAGC). The unusual richness and 
enormous diversity of the conference 
symposium themes, coupled with ex¬ 
ceptionally incisive and evocative ex¬ 
positions by researchers of repute, made 
the Goldschmidt Conference a stupen¬ 
dous scientific success. 

The 15 major symposium themes, the 
total number of oral and poster presen¬ 
tations for each symposium, and the 
names of the conveners are listed below 
to highlight the current trends in mod¬ 
ern geochemical research and the envi¬ 
able popularity that some selected 
themes continue to enjoy: 1. Theoretical 
Geochemistry - 12 (G. D. Price & A. C. 
Lasaga); 2. Experimental Geochemis¬ 
try ~ 60 (B. J. Wood & T. J. Falloon); 3. 
Geochemical Techniques and Applica¬ 
tions ~ 4 (posters only); 4. Weathering 
and Erosion, Deposition and Diagene¬ 
sis - 73 (M. Krom, R. Raiswell & J. I. 
Drever); 5. Groundwater Chemistry and 
Palaeohydrology - 26 (A. H. Bath & F. 
Philips); 6. Waste Containment and 


Pollutant Transport-26 (P. J. Hooker 
& A. C. M. Bourg); 7. Ocean Composi¬ 
tion and Fluxes during the Quaternary - 
19 (G. B. Shimmield 8c T. Pedersen); 8. 
Ocean Palaeochemistry and the Evolu¬ 
tion of Ocean Basins -20 (H. Elderfield, 
J. Veizer & M. Kastner); 9. Modern 
Submarine Hydrothermal Processes - 17 
(H. Elderfield & S. Humphris); 10. 
Mechanisms of Isotopic and Chemical 
Communication in Crust and Mantle 
Rocks - 22 (C. M. Graham & D. R. 
Cole); 11. Partitioning of Elements - 26 
(P. Beattie & J. Brenan); 12. Dehydra¬ 
tion, Partial Melting and Fluid Distri¬ 
bution in the Crust-44 (S. L. Harley, 
B. J. Hensen & M. J. Bickle); 13. 
Magma Generation Processes - 84 (R. 
Ellam, E. M. Stolper & D. H. Green); 
14. Mantle Development in Space and 
Time - 68 (A. Halliday 8c A. W. Hof¬ 
mann); 15. Geochronometry and Ther¬ 
mal History-21 (R. A. Cliff, S. Inger 
& J. R. Wijbrans). 

The scope of some of these sympo¬ 
sium themes was so vast that each one 
of them was further divided into more 
than 4 subheadings. For example, theme 
14 (68 presentations) was treated under 
8 subheadings: (a) experimental con¬ 
straints on melting in the mantle; (b) 
source regions, extraction and evolution 
of basaltic melts; (c) mantle mineralogy 
and the transition zone: (d) large-scale 
mantle to terrestrial geochemistry; (e) 
rare gases; (f) mantle fluids and mantle 
metasomatism; (g) small-scale evidence 
of geochemical processes in mantle 
rocks and ultrabasic complexes; and (h) 
mafic-ultramafic rocks and complexes. 
Some of these subheadings overlap with 
those of theme 13 (84 presentations). 


The established conveners of all the 
themes quite expectedly brought in an 
air of academic authority and touch of 
class, and it was no surprise that their 
presence imparted scientific dignity to 
the scholarly proceedings. 

One of the major attractions of the 
Conference was the four UK Mineral- 
ogical Society plenary lectures and one 
lAGC Ingerson lecture delivered by 
internationally renowned luminaries on 
wide-ranging topics. These few lectures 
took place at convenient times, when 
there were no other lectures in any ses¬ 
sions, so as to facilitate all the delegates 
to hear the distinguished masters. They 
are listed below: 

Applying MeV ion beam techniques to 
geochemical issues: cross-fertilizing 
nuclear physics and geosciences (J.-C. 
Petit, Commissariat a TEnergie At- 
omique, France) 

The composition of the continental crust 
(K. H. Wedepohl, Gottingen University 
and Ingerson Distinguished Lecturer of 
lAGC) 

Mantle plumes and other mail from the 
mantle (S. R. Hart, Woods Hole 
Oceanographic Institution) 

Isotopic and elemental tracers in cal¬ 
cium carbonate fossils (E. A. Boyle, 
Massachusetts Institute of Technology) 
Degassing history of the Earth 
(R. K. O’Nions, University of Cam¬ 
bridge and EAG President). 

These lectures were not merely superb 
state-of-the-art reports by outstanding 
experts; they clearly provide insight into 
the future directions of research and give a 
glimpse of the emerging challenges in 
frontier areas. These brilliant expositions, 
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blended with subtle and subdued humour, 
have created an indelible impression on 
the minds of the audience. 

The depth and breadth of the present- 
day geochemical research problems, 
together with the intricacies involved 
therein, were elegantly brought out with 
telling effect by an impressive array of 
keynote lectures. Without being invidi¬ 
ous to the learned speakers, w^ho are 
acknowledged authorities in their fields 
of specialization, all the keynote lec¬ 
tures are listed below to show the entire 
spectrum of topics: Evolution of the 
Earth’s mantle: perspective from the 
Re-Os isotopic system (S. B. Shirey); 
Mantle stratification: constraints from 
mineral physics, seismological and 
phase equilibrium data (B. J. Wood & 
G. Helffrich); Rare gases systematics 
and mantle structure (C. J. Allegre & T. 
Staudacher); Experimental definition of 
mantle melting and implications for 
mantle dynamics (D. H. Green); Melting 
behaviour of mantle peridotites and 
compositional variations of partial melts 
at high pressures (1. Kushiro); Melting 
of mantle peridotite at pressures ap¬ 
proaching the spinel-to-garnet transi¬ 
tions (R. J, Kinzler); The composition 
of high-pressure mantle melts: results 
from diamond aggregate experiments 
(M. B. .Baker & E. M. Stolper); Con¬ 
nectivity of volatile-rich melts in mantle 
source regions: constraints from Fe- 
transport experiments (W. G. Minarik Sl 
J. M. Brenan); Basic magmas vary by 
eight orders of magnitude in oxygen 
fugacity: is this range required for their 
mantle source region? (1. Carmichael); 
Melt movement in the mantle (D. 
McKenzie); Causes of melt generation 
in the subcontinental mantle (C. J. 
Hawkesworth & others); Melt genera¬ 
tion in the continental crust: answered 
and unanswered questions (A. E. Patino 
Douce); Perspectives on shallow mantle 
melting from thermodynamic calcula¬ 
tions (M. Hirschmann & others); The 
origin of typical NMORB: the evidence 
from a melt inclusions study (A. 
Sobolev 8l N. Shimizu); Focused flow 
of melt in the upper mantle: extraction 
of MORB beneath oceanic spreading 
ridges (P. B. Kelemen 8l others); Con¬ 
straints on the MORB melting regime 
based on the Lu-Hf and Sm-Nd sys¬ 
tematics (V. J. M. Salters & others); 
Batholithic, K-rich silicic magmatism in 
east-central Asia: evidence for a mantle 
source for progressive regional crustal 
potassium enrichment (S. M. Wickham 
& others); Partitioning and solubility of 


PGEs in oxides and silicates (C. J. Ca- 
pobianco & M. J. Drake); Experimental 
cpx/ and garnet/melt partitioning of 
REE and other trace elements at high 
pressures: petrogenetic implications 
(K. T. M. Johnson); The compositional 
dependence of HFSE partitioning: a 
comparison between pyroxene- and 
magnetite-melt systematics (R. L. Niel¬ 
sen & others); What determines the 
values of mineral/melt partition coeffi¬ 
cients? (P. Beattie); Geochronology and 
metamorphism (K. Mezger); Anoma¬ 
lously old Ar-Ar ages in high-pressure 
metamorphic terrains (S. P. Kelley & 
others); Stable isotope evidence for 
Earth’s raw materials (R. N. Clayton & 
M. Humayun); Contrasting styles of 
oxygen isotope exchange (J. W. Valley 
& others); Global change of carbon 
isotopic composition of the biosphere 
during the Cenozoic (E. M. Galimov); 
Isotopic and geochemical evidence for 
old groundwaters in a granite on the 
Canadian shield (M. Gascoyne); A 
chromatographic model for water qual¬ 
ity variations in the Aquia aquifer 
(Maryland, USA) (C. A. G. Appelo); 
Role of strong ligands for the infiltra¬ 
tion of trace metals into groundwater (L. 
Sigg & others); Vegetative enhancement of 
chemical weathering (M. F. Cochran & R. 
A. Berner); An integrated model for feld¬ 
spar dissolution under acid conditions (S. 
L. Brantley & L. Stillings); A new sedi¬ 
mentary pyrite formation model (D. 
Rickard); Mathematical models of diage- 
netic processes in marine sediments: iron 
and manganese redox cycling and non¬ 
steady-state diagenesis (D. J. Burdige & S. 
P. Dhakar); Geochemistry and radioactive 
waste management: issues and conflicts 
(D. Read). 

The immense impact these lectures 
have created is also due to the effective 
and efficient way in which the eminent 
speakers have demonstrated their mas¬ 
tery over the chosen topics with remark¬ 
able felicity and finesse. The elegance 
and splendour of the projections in 
these keynote lectures, and also in most 
of the other presentations, superbly 
matched (or even excelled in some 
cases) the acme of academic import, 
apart from heightening the visual treat. 

The following (provocative) titles, 
picked up with certain amount of te¬ 
merity from a large number of presenta¬ 
tions, exhibit the extreme novelty in 
approach breaking the barriers between 
different disciplines, and/or the ultra 
sophistication in instrumentation and 
methodology: ratios in Qua¬ 


ternary planktonic foraminifera (G. M. 
Henderson & R. K. O’Nions); Isotopic 
composition and diagenetic alteration of 
Lower Carboniferous brachiopod shells: 
constraints from proton microprobe 
(PIXE) trace element analysis (F. Bruhn 
& others); Palaeocirculation recon¬ 
struction by neodymium isotopic ratios 
of marine baryte (A. Paytan & M. Kast- 
ner); Inorganic geochemistry of organic- 
rich sediments: palaeoceanographic 
evidence from the Eastern Mediterra¬ 
nean and Sea of Japan (G. O’Sullivan & 
others); Sulphur transport and sulphur 
isotopic fractionations in ocean floor 
hydrothermal systems (M. J. Bickle & 
others); A study of precious-metal con¬ 
centrations in oceanic sediments (D. 
Green & others); Dating of granulite 
facies metamorphism and depletion: 
SIMS chronometry of microscale 
monazite inclusion in garnet (X. K. Zhu 
& others); The thermal history of the 
lower crust recorded by zircon growth 
and recrystallization: an ion microprobe 
(SHRIMP) study from the Ivrea zone 
(Southern Alps) (G. Vavra & others); 
Micron-scale isotopic zoning in miner¬ 
als: a record of large-scale geologic 
processes (M. A. McKibben & C. S. 
Eldridge); Platinum group mineraliza¬ 
tion in the Bushveld Complex: a com¬ 
bined QEM-SEM and LA-ICPMS study 
(T. E. McCandless & others); LC.P. 
magnetic sector multicollector mass 
spectrometry and its applications to 
geochemistry (A. N. Halliday & others); 
The application of nuclear microprobe 
analysis and secondary ion mass spec¬ 
trometry to radioactive waste disposal 
studies (J. A. Berry & others); Lower 
mantle mineral associations preserved in 
diamonds (B. Harte & J. W. Harris); 
Applications of ab initio quantum- 
mechanical potential surfaces to mineral 
physics calculations (Y. Xiao & A. C. 
Lasaga); Superimposing magma cham¬ 
ber and melting regime processes: how 
easy is it to (mis)interpret the liquid 
products? (M. J. O’Hara); Cosmic dust: 
terrestrial accretion rate and solubility 
in seawater (B. Peucker-Ehrenbrink & 
others); Fluid flow in Vermont and New 
Hampshire, USA: a 3-D perspective 
(A. D. L. Skelton); 3-D ''®Ar-"’Ar geo- 
chronology in the Parana flood basalt 
province (K. Stewart & others). 

The following titles with a regional 
flavour, particularly with reference to 
India and the adjoining countries, are 
bound to excite interest among Indian 
scientists: Fluids in Yakutian and Indian 
diamonds (M. Schrauder & others); 
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Tectonic and thermal evolution of south 
India during the Pan-African orogeny 
(J. M. Bartlett & others); The leptynitic 
gneisses of the Kerala Khondalite Belt, 
southern India: phenomena and mecha¬ 
nism of dehydration/melting at granulite 
facies conditions (L Braun & M. Raith); 
The Kondapalli layered complex, 
Andhra Pradesh, India: geology, miner¬ 
alogy and chemistry (C. Leelanandam); 
Ar-Ar constraints on erosional versus 
extensional unroofing in orogenic belts: 
the Zanskar Himalaya, NW India (D. 
Vance & S. Kelley); Constraints on the 
thermal evolution of the Indian Hima¬ 
laya from manganese and erbium distri¬ 
butions in metapelitic garnets (M. Ayres 
& D. Vance); Partial melting features of 
metamorphosed ores from Rangpo poly¬ 
metallic deposit (Sikkim, India) (N. N. 
Mozgova & others); Contrasting fluid- 
deformation-melt histories within the 
High Himalayan crystallines, Langtang 
Valley, Nepal (J, A. Massey); Meta¬ 
morphism and melting within the Nanga 
Parbat syntaxis, Pakistan Himalaya 
(P. J. Treloar & others). 

The following presentations, picked 
up at random, may have some relevance 
to the research projects now in vogue in 
India: Gold behaviour in the process of 
acid magma crystallization (R. N. 
Sobolev); Mercury as pathfinder in geo¬ 
chemical exploration of hydrothermal 
gold-silver deposits in Kamchatka 
(V. M. Okrugin & others); The influ¬ 
ence of open-cast lignite mining on 
adjacent ground water systems (U. 
Maiwald & A. Pekdeger); Carbonatites 
and mantle evolution: a review (K. 
Bell); Evolution of the lower continen¬ 
tal crust during post-thickening collapse 
(S. Costa & others); O 2 and CO 2 in the 
Late Archean and Early Proterozoic 
atmosphere (H. D. Holland & others); 
Chemical disequilibrium during crustal 
anatexis (N. Harris & others); Mantle- 
derived CO 2 and granulite genesis: evi¬ 
dence from noble gases (T. J. Dunai); 
Two cycles of granulite facies metamor¬ 
phism detected by Sm-Nd dating of gar¬ 
net: implications for the Sm-Nd closure 
temperature (B. J. Hensen & B. Zhou); 
Contrasting geochemistry of granulite- 
facies leucosomes and S-type granites: K- 
feldspar as culprit (D. P. Carrington 8c G. 
R. Watt). 

The 37 oral and 7 poster presentations 
under theme 12 are particularly relevant 
to all the metamorphic petrologists 
working on the Pre-Cambrian rocks 
from Peninsular India, and this delegate 
has attended almost all of them. This 


symposium section forms part of the 
activities of the prestigious project 
IGCP 304 on Lower Crustal Processes 
and includes the following 4 sessions: 
Melting, melt segregation and related 
processes; Melting and high-grade case 
studies; Fluids in high- and medium- 
temperature cases; Collision, subduction 
and fluids. The reputed speakers in¬ 
clude, among others, M. Brown, D. J. 
Waters, D. Vielzeuf, B. J. Hensen, S. L. 
Harley, I. C. W. Fitzsimmons, F. Spear, 
D. R. M. Pattison, T. Chacko, P. I. Na- 
belek, K. Mezger, J. L. R. Touret, T. J. 
Dunai, I. S. Buick, 1. Cartwright, M. .1. 
Bickle, C. Cole, M. R. Wilson, B. W. D. 
Yardley and A. C. Barnicoat, whose 
valuable contributions, including their 
latest ones, are so familiar to all the 
active petrologists. Due to constraints 
on space, and for no other reason, titles 
of the excellent papers under this and 
other symposium themes (especially 
nos. 4-9) are not given here. 

Coming to some statistics of the con¬ 
ference, a total of 374 oral presentations 
(including 34 keynote lectures), 132 
poster presentations and 5 plenary lec¬ 
tures (each of 60-75 min duration) were 
delivered under 15 symposium themes 
conducted in 5 or 6 parallel sessions 
(with a total of 46 sessions) for 4/2 
days. A few sessions were unusually 
decorated with 3 keynote lectures, in¬ 
stead of the customary 1 keynote lecture 
per session; strangely, a few sessions 
and also themes were devoid of keynote 
lectures. For example, the three sympo¬ 
sium theme nos. 1, 7 and 9 do not have 
any keynote lectures, while the three 
themes nos. 2, 13 and 14 put together 
(with 18 sessions and 212 presentations) 
have nearly half the number (16) of the 
total number of keynote lectures (34) 
for the entire conference. The six sym¬ 
posium themes nos. 4-9 (with 15 ses¬ 
sions and 181 presentations), which 
constitute altogether a radically differ¬ 
ent group, surprisingly, have only 9 
keynote lectures. Two highly contrast¬ 
ing symposium themes nos. 13 and 4 
have amazingly attracted the largest and 
next largest number of presentations (84 
and 73, respectively). This foretells the 
vigour of research themes to be pursued 
in this country as well in the years to 
come. A maximum of 11- presentations 
(each of 20 min duration) were made, in 
general, at each of the sessions, which 
lasted from 9 a.m. to 12.40 p.m., and 
further from 2 p.m. to 5 p.m. without 
coffee/tea breaks (though these bever¬ 
ages are available free of charge in the 


general concourse!). A major disadvan¬ 
tage inherent in the parallel sessions is 
that the delegates can attend only the 
most lucrative lectures, at the expense 
of other equally attractive lectures, due 
to scientific compulsions, and often it 
was not that easy for some delegates to 
take ‘decisions’ as they are personally 
pledged to the speakers or academically 
wedded to the topics. More than 570 
scientific registrants (of whom graduate 
students constitute nearly 20%) and 32 
accompanying persons, from 34 coun¬ 
tries, have participated in the confer¬ 
ence. Eleven countries (including India) 
were each represented by one delegate 
only, while the representation was con¬ 
siderably high from the UK (154), USA 
(104), Germany (69), France (39), Can¬ 
ada (29), Switzerland (23), Russia (19) 
arid Australia (18). 

From a non-geochemical (?) angle, 
the exciting events of the conference 
were the three receptions (welcoming, 
poster and farewell), each supposedly 
meant for a specific purpose, but all 
arranged to cater to the desires of the 
(academically) thirsty participants. The 
most enjoyable event and certainly the 
high point was the Civic Reception, 
given by the Lord Provost of the City of 
Edinburgh, on 1 September, in the ma¬ 
jestic concourse of the Royal Museum 
of Scotland, followed by the banquet - a 
gourmet’s delight - served in a stately 
Scottish style. It was during this ban¬ 
quet that A. C. Lasaga (President of the 
Geochemical Society) announced the 
award of the Goldschmidt Medal 
for 1994 to H. D. Holland, and C. J. 
Allegre expressed sincere thanks, on 
behalf of all the delegates, to Ben Harte 
(Edinburgh University), who had done a 
commendable job as the Chairman of 
the 15-member Organizing Committee 
and also as the Principal Editor of the 
40-member Editorial and Programme 
Committee, for the overwhelming suc¬ 
cess of the Conference. Immediately 
after the banquet, the joyous delegates 
had the great good luck of witnessing, 
as if it was pre-arranged, the awe¬ 
inspiring and dazzling display of 
fireworks from the nearby imposing 
Edinburgh Castle which marked the 
conclusion of the Edinburgh Interna¬ 
tional Festival (14 Aug.-3 Sept. 1994). 

In the afternoon of 31 August, the 
delegates had a most enlightening ex¬ 
perience of visiting the Geology and 
Geophysics Department (which houses 
the irresistible ion microprobe), the 
British Geological Survey and the leg- 
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endary Holyrood Park (including the 
famous Hutton’s locality on spectacular 
Salisbury Crags). Much to the chagrin 
of certain connoisseurs, the official pro¬ 
gramme for an exciting visit to the 
Scotch Whisky Heritage Centre for dis¬ 
covering the history and mystery of the 
Spirit of Scotland was scheduled for 
accompanying persons (only). 

A number of invigorating field ex¬ 
cursions were arranged (3-11 Septem¬ 
ber) for the participants to view the 
renowned geology and scenery of the 
Scottish . Highlands and Islands 
(Ballachulish, Great Glen; Kinlochber- 
vie, Northwest Highlands; Sligachan, 
Isle of Skye) with Keith O’Nions, Mike 
O’Hara, Ben Harte, David Pattison and 
others as leaders. This is indeed an 


added academic attraction of the Con¬ 
ference. and an unforgettable geological 
feast, in the true sense, to the partici¬ 
pants. 

The two-page extended abstracts of 
all the papers (oral and poster presenta¬ 
tions) were printed and brought out as a 
voluminous special number (vol. 58A) 
of the magnificent Mineral ogical 
Magazine (published by the Mineralogi- 
cal Society, London) in two parts: the 
first part containing Abstracts A-K (pp. 
1-504) and the second part containing 
Abstracts L-Z (pp. 505-1009). The first 
part also contains a useful Author Index 
(pp. ii-viii) and an informative Subject 
Index (pp. ix-xxxii). Seven erudite par¬ 
ticipants (S. L. Goldstein, B. Harte, C. 
J. Hawkesworth, A. W. Hofmann, R. K. 


O’Nions, N. Shimizu & B. J. Wood) 
authored or co-authored 6 or more than 
6 abstracts; they consumed, along with 
their co-authors, a total of 92 out of 
1009 pages! This vol. 58A of the Min¬ 
eral ogical Magazine is destined to be¬ 
come an inexhaustible storehouse of 
geochemical information in the widest 
sense and also an exceedingly valuable 
reference work of long-lasting value. 

The scientific excellence and organ¬ 
izational grandeur of the 1994 VM 
Goldschmidt Conference made it a truly 
memorable one. 


C. Leelanandam, Department of Geol¬ 
ogy, Osmania University, Hyderabad. 
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Geochemical basis of tropical endomyocardial fibrosis 


We have the following comments on the 
letter from P. V. Sukumaran^: 

1. Our studies show an overlap in the 
incidence of endomyocardial fibrosis 
with the areas where deposits of 
monazite occur in Kerala. Cerium tops 
the list by percentage weight among 
rare-earth elements (REE) in monazite. 
Since the cardiac tissues of patients 
contain more cerium and, to a lesser 
extent, thorium than the control sam¬ 
ples, it is logical to pursue the possible 
pathogenetic role of cerium in the dis¬ 
ease. Cerium is the most soluble among 
REE and is concentrated by planktonic 
algae and probably tubers. How it gets 
into the cardiac tissues remains to be 
worked out. It is, however, likely that 
the deficiency of magnesium may en¬ 
hance the absorption of cerium through 
the gut as it does for certain other toxic 
elements like Pb and Al. 

2. The impression that REE are stable 
and the chances of their, uptake by 
plants are remote is not necessarily cor¬ 
rect. While the major portion of the 
monazite may be insoluble and hence 
not bioavailable, the work on coconut 
palms shows that they can accumulate 
cerium from the environment^. Simi¬ 
larly, a laboratory experiment using 
Coleus parviflorus has shown that 
plants can accumulate cerium from the 
experimental culture medium^ In fact, a 


geochemical hypothesis has been sug¬ 
gested for the causation of root (wilt) 
disease in coconut palms. The possible 
factors that may govern the uptake of 
REE from the environment are dis¬ 
cussed elsewhere"'. 

3. The map of Kerala was given 
merely to indicate the preferential 
deposition of monazite along the coastal 
strip, where most of the patients also 
come from. The deposits did not claim 
to indicate their minability or mechan¬ 
ism of deposition. 

4. Elevated levels of REE and Th in 
faeces denote the consumption of these 
elements and their probable route of 
entry into body tissues. 

5. Mere presence of certain elements 
in the soil does not suggest a causal role 
for them in disease. The claim that other 
elements such as Al present in Kerala 
soil should lead to increased incidence 
of Alzheimer’s disease is, therefore, 
naive. In studying pathogenesis, the 
reason to look at certain elements is 
their high or low level in human tissues 
and not their concentration in the soil. 
Geochemical aspects are important to 
the extent they are necessary for inves¬ 
tigating the pathogenetic mechanisms of 
RE and other elements. 


1. Sukumaran, P. V., Curr. Sci., 1994, 67, 
976. 


2. Valiathan, M. S., Eapen, J. T. and 
Mathews, C. K., Curr. Sci., 1992, 63, 
565. 

3. Nair, R. R., Gupta, P. N., Valiathan, M. 
S., Kartha, C. C., Eapen, .1. T. and Nair, 
N. G., CwA-r. ^c/., 1989, 58, 696. 

4. Eapen, J. T., Indian Coco. J., 1993, 
24, 3. 


J. T. Eapen 
K. Shivakumar 
R. R. Nair 
C. C. Kartha 
M. S. Valiathan* 


Sree Chitra Tirimal Institute for 
Medical Sciences dc Technology 
Trivandrum 695 011, India 
*Manipal Academy of Higher Education 
Manipal 576 119, India 


P. V. Sukumaran's reply: 

Though I have clearly mentioned the 
shortcomings of the paper by Valiathan 
et al. ' from a geologist’s point of view', 
I am elaborating below some of the 
points which may not occur to a medical 
scientist: 
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1. I do not contest the findings of the 
authors on the correlation of Ce with 
endomyocardial fibrosis (EMF). What I 
fail to understand is how the element Ce 
is presumably mobilized from a chemi¬ 
cally inert and stable mineral like 
monazite. In fact, what promotes the 
selective concentration of monazite as 
beach deposits is its physical and 
chemical stability during rock decay. 

2. There can be two pathways by 
which Ce reaches the human body. The 
mineral monazite goes into the biologi¬ 
cal system inadvertantly as a result of 
constant contact of the local population 
with the mineral sand of the area; the 
digestive and gastric fluids might then 
corrode the mineral releasing Ce for 
concentration in the cardiac tissues. An 
alternative possibility is that Ce reaches 
the system through the food chain 
wherein the element derived from nu¬ 
merous sources, including perhaps 
monazite, is bioamplified by plants, 
particularly the tubers. Analysis of Ce in 
tubers grown in monazite areas of the 
State can pinpoint the source. Study of 
faeces from the monazite belt of Kerala 
and Tamil Nadu for detrital monazite 
content, particularly for evidences of 
corrosion, can also give a clue to the 
source of Ce. The latter, however, needs 
extremely careful sampling. 

3. I did not mention that REE are 
stable. In fact, they are highly mobile 
under the low-pH tropical weathering en¬ 
vironments, 1 only mentioned that mona¬ 
zite (the REE-bearing mineral) is much 
stable under weathering conditions, 

4. The literature lists more than 200 
minerals in which the REE content ex¬ 
ceeds^ 0.01% and about 70 other min¬ 
erals are known wherein REE are major 
constituents, as in monazite. In addition, 
REE occur in the crystal structure of 
many major minerals like pyroxenes, 
amphiboles and feldspars. Alderton et 
al.^ have shown that about 50% of REE 
in granitic rocks occur in major miner¬ 
als and the remaining 50% in minor 
minerals. These minor minerals are by 
and large stable and do not undergo 
chemical weathering for the REE to be 
released. The major minerals mentioned 
above are abundant as constituents of 
rocks of Kerala and the whole of penin¬ 
sular India. They are very susceptible to 
chemical attack in the low-pH weather¬ 
ing environments of the warm, humid 


tropics. The REE so mobilized into the 
ambient aqueous medium are available 
for biological uptake either through 
water or through the food chain. Accu¬ 
mulation of Ce in coconut plants must 
be through this pathway. 

5. The monazite belt of Kerala is 
well-defined and not dispersed as one 
could make out from the map. The 
Neendakara-Kayamkulum belt is 22 km 
long and about 3 km wide from the sea¬ 
shore. The monazite content in this belt 
is 0.5-1.0% by weight. Another mona¬ 
zite belt is located in the Mana- 
valakurichi region of Kanyakumari 
district in Tamil Nadu and is 6 km long 
from the Valliyar river mouth to 
Colachal. This belt has a higher concen¬ 
tration of monazite (3-4%). A third 
monazite area in the country is the 
18 km long Chattarpur coast in Orissa, 
though the monazite concentration here 
is much lower (0.29%). 

6. The application of chemical fertil¬ 
izers is indiscriminate among the inno¬ 
vative farming population of Kerala. 
The phosphatic fertilizers, chief among 
the chemical fertilizers, are manufac¬ 
tured from phosphorite rocks, which 
contain an average of 104 ppm of Ce 
(ref 5). They also contain Cd (18 ppm) 
and many other toxic elements in 
bioavailable form. Study of the release 
of Cd into the groundwaters in the Eu- 
ropian agricultural lands has shown that 
continuous application of phosphatic 
fertilizers over a period of 30-40 years 
can elevate the groundwater Cd levels 
up to the permissible limit of 5 ppb. 
Cadmium is suspected to have an aeti- 
ological relation with Osteomalacia. A 
similar enrichment of Ce in groundwater 
derived from phosphatic fertilizers can¬ 
not be ruled out. 

7. Obviously, there is need for inter¬ 
action between the medical researchers 
and earth scientists. The following 
studies by appropriate agencies like the 
Centre for Earth Science Studies, 
Trivandrum, in collaboration with Sree 
Chitra Tirunal Institute of Medical Sci¬ 
ences, Trivandrum, would be fruitful: 

(a) Measurement of Ce abundances in 
the groundwater of the monazite belt of 
Kerala and other regions mentioned 
above and adjoining low-monazite areas 
to ascertain whether excessive Ce is 
getting leached into the groundwater. 


(b) Comparative field studies in the 
three areas mentioned above to confirrn 
whether the incidence of EMF is higher 
in Manavalakurichi area compared to 
Neendakara-Kayamkulum area and 
whether similar incidence of EMF also 
occurs in the Chattarpur coast of Orissa. 
This needs field studies exclusively on 
the endemic population of the monazite 
belt. 

(c) Field studies to confirm whether 
the Ce content in groundwater and in 
locally grown staple food is also higher 
in low-monazite areas, from where some 
of the EMF patients are sampled. If yes, 
this will confirm a different pathway for 
Ce to human beings. 

(d) Analysis of causative Ce in the lo¬ 
cally grown staple food of the inhabi¬ 
tants of the monazite belt vis^a-vis in 
the non-monazite-bearing adjoining 
areas. 

8. Finally, the presence of an element 
in soil, no doubt, does not suggest the 
incidence of a disease. But if its pres¬ 
ence is in a bioavailable form, there is 
reason to look for a relationship. In its 
concentration as monazite, Ce appears 
to be non-bioavailable as is A1 in baux¬ 
ite. This is not to commit that Ce is not 
at all available. It may be available 
through numerous other sources, some 
of which may be anthropogenic and can 
accumulate in human beings through the 
food chain. Certainly, it is a subject 
of much interest not only for the medi¬ 
cal researchers but for geologists as 
well. 


1. Valiathan, M. S., et aL, Curr. Sci., 
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3. Hermann, A. G., in Handbook of 
Geochemistry (ed. Wedepohl, K. H.), 
Springer, Berlin, 1970, pp. 39, 57- 
71-D-l. 

4. Alderton, D. H. M., et aL, Earth Planet. 
Sci. Lett., 1980, 49, 149-165. 

5. Altschuler, Z. S., in SEPM Spcl. Publ. 
(ed. Bentor, Y. K.), 1980, vol. 29, pp. 
19-30. 


P. V. Sukumaran 


Marine Wing 

Geological Survey of India 
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Oil-degrading marine bacteria - Two isolates from Bay Island, 
Andamans 


Oil-degrading marine bacteria are of 
great significance in marine environ¬ 
ments as pollution due to oil spills is on 
the increase at an alarming rate. It was 
recognized as early as in 1925 that bac¬ 
teria play an important role in removing 
oil from the sea. It is well evidenced 
that a number of bacteria utilize a vari¬ 
ety of hydrocarbons in nature and that 
bacterial oxidation rate may be as much 
as ten times the autoxidation rate. More 
than 100 species representing 30 micro¬ 
bial genera have been shown to be 
capable of utilizing hydrocarbons (hydro- 
carbonoclastics). Pseudomonas is an 
outstanding bacterial candidate for 
crude oil degradation and is represented 
by several marine species^’In general, 
the population levels of hydrocarbon 
utilizers and their proportions within the 
microbial community appear to be a 
sensitive index of environmental expo¬ 
sure to hydrocarbons. In unpolluted 
ecosystems, the hydrocarbon utilizers 
generally constitute 0.1% of the micro¬ 
bial population; in oil-polluted systems, 
they can rise to much higher levels. 

We have screened in our laboratory 
over 72 marine bacteria isolated from 
water and sediment samples having 
varying degrees of oil spillage from 


Table 1. Biochemical characters of the 
two hydrocarbonoclastic isolates 


Biochemical test 

12 /I-OW 17/l-OS 

Methyl red reduction 

_ 

_ 

Gelatin liquefaction 

+ 

+ 

Starch hydrolysis 

NO 3 reduction 

- 

- 

NO 2 production 

- 

- 

NH 3 production 

- 

- 

HtS production 

No growth 

- 

Vogues proskaeur test 

No growth 

_ 

Citrate utilization 

- 

+ 

Indole production 

No growth 

- 

DNase test 

+ (weak) 

- 


around the ports of Port Blair. Ulti¬ 
mately, five promising isolates were 
selected for comparative efficiency 
evaluation under laboratory conditions. 
The composition of the medium was 
(cone, per litre) 750 ml aged natural 
seawater, 250 ml distilled water, 0.5 g 
NH4CI, 0.5 g K2HPO4, 0.5 g NaHoPOs 
and the pH was 6.8-7.0. Sterile oil sub¬ 
strates were added at the rate of 1% to 
the medium. Isolates numbered 12/1- 
OW and 17/1-OS (Table 1) were found 
to be most efficient in utilizing four and 
one of the five hydrocarbon sources 
tested (recently spilled crude oil from 
Port Blair jetty, fuel oil like engine and 
gear oil, burnt engine oil and xylene). In 
these cases more than 90% of oil sub¬ 
strates were degraded within 4 weeks 
time. 

The degradation of oil in marine envi¬ 
ronments by natural hydrocarbon¬ 
degrading bacteria is dependent on the 
capacity of these bacteria to solubilize 
and emulsify the oil. Emulsification of 
the insoluble substrate (oil) is an impor¬ 
tant event before its degradation by 
microorganisms. Polymeric emulsifying 
agents produced by microorganisms 
growing at the expense of hydrocarbons 
have already been reported^”^ These 
compounds, produced by microorgan¬ 
isms in response to insoluble substrates, 
emulsify or disperse oil phase into water 
and make it available to the organism^. 
The factor has been described as whitish 
gummy in texture, insoluble in water at 
ambient temperature but soluble at 
60°C, at pH around 7.5-8.0. In the pre¬ 
sent study both the isolates were 
screened for the production of poly¬ 
meric emulsifiers^. Both produced 
emulsifiers which were functional only 
at alkaline pH (7.6), whereas at acidic 
pH both form insoluble precipitates. 


The emulsifying activity of the emulsifi¬ 
ers varied with different oil sources as 
measured^ at 610 nm, and was at least 
25 times greater than control values. 

Chemically synthesized emulsifying 
substances cause ecological problems 
owing to their resistance to biodegrada¬ 
tion, toxicity and subsequent accumula¬ 
tion in the natural ecosystem. On the 
other hand, natural emulsifying bio¬ 
polymers are biodegradable, more effi¬ 
cient and selective^. Efforts to improve 
the oil-degrading efficiency of both the 
organisms by ecofriendly in vitro ma¬ 
nipulation is in progress. 
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B. R. ShOME 
Rajeswari Shome 
A. K. Bandyopadhyay 

Biotechnology Section 
Central Agricultural Research Institute 
P. B. No. 181, Port Blair 744 101 
India 


Possible ultrasonic receptor on the bat fly Mystacinobia 
zealandica 


Mystacinobia zealandica is the sole 
member of the genus Mystacinobia, 
included in the family Mystacinobidae, 
which is different from all other families 


of the superfamily Drosophiloidea’. The 
fly lives in large communities in roosts 
of the New Zealand short-tailed bat 
Mystacina tuberculata. However, it is 


not a parasitoid but a bat guano-feeder 
that uses the bat as a means of transport 
between the roosts. The colonies of the 
bat are usually found inside the cavities 
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Figure 1. a. Scanning electron micrograph of long sensilla trichodea of Mystacinobia zea- 
landica. b, Enlarged view of the same showing the double-chambered socket and tricho- 
bothria arising from it. 


of the trunks and branches of the huge 
trees in the forest. The association of 
the fly with its mammalian host in this 
special habitat suggests the importance 
of sensory system to recognize its host 
and sexual partner and to locate its 
food. Since the habitat is constantly 
dark and the space is confined and since 
the eye of the insect is greatly reduced 
it appears that some specialized sensilla 
for the purpose of communication and 
for locating food is a necessity for the 
fly. Here 1 report with the help of scan¬ 
ning electron microscope the occurrence 
of a sensilla whose structural features 
and physical arrangements are sugges¬ 
tive of its involvement in reception and 
transmission of high-frequency sound 
waves. 

In this context, it is worth mentioning 
that early as well as very recent litera¬ 
ture on insect structure reveals the im¬ 
portance of scanning electron micro¬ 
scopy in increasing our knowledge on 
sensory physiology of insects""^. 

The specimens were fixed in 2.5% 
glutaraldehyde in 0.1 M sodium cacody- 
late buffer, pH 7.2-7.4, for 4 h at 4°C, 
washed in the same buffer overnight and 
post-fixed in 1% osmium tetraoxide for 
1 h. The fixed samples were dehydrated 
through increasing concentrations of 
acetone and were dried in a critical- 
point dryer (Samdri Pvt, Tousimis) us¬ 
ing acetone as the intermediate fluid and 
COo as the transitional fluid. The dry 
samples were secured horizontally to 
brass stub (10 mm dia; 10 mm height) 
and were coated with gold in a JFC 
1100 (Jeol) ion sputter coater. Observa¬ 
tions were made with a JEOL JSM 35 
CF scanning electron microscope oper¬ 
ated at 15 kV. 

The bat fly Mystacinobia zealandica 
contains, regardless of sex, several long 
sensilla trichodea on dorsal as well as 
ventral surface of thoracic and abdomi¬ 
nal cuticle (Figure 1 a). They are also 
present on the pro-, meso- and meta- 
thoracic legs. The total length of the 
sensilla ranges from 120 to 180 pm. 
However, the longer sensilla (180 pm) 
are found mostly on the ventral abdomi¬ 
nal cuticle and are interspersed by a 
large number of bristles or sensilla 
chaetica. The characteristic feature of 
the sensilla trichodea is the presence of 
a complex double-chambered socket at 
its base (Figure 1 b) and long sensory 
hair (trichobothria) arising from the 
socket (Figure 1 b). The greatest linear 


dimension of both the chambers is 
18 pm. The trichobothria length was 
found to be 50-90 times its diameter 
(2-2.4 pm). This physical arrangement 
and the relative sizes of the double- 
chambered socket and the trichobothria 
suggest that the latter may be analogous 
to the cylindrical bar of the sound- 
producing (or receiving) devices which 
are set into vibration at very high fre¬ 
quencies. The upper and lower cham¬ 
bers are analogous to the resonant 
chamber and acoustic filter, respectively, 
that can amplify the vibrations of the 
trichobothria. For effective functioning 
of the chamber and the trichobothria as 
transducer of sound energy, the natural 
frequency of air in the chamber and that 
of vibration of the rod must overlap. 


The trichobothrium can be considered 
as a long, thin, elastic rod, round in 
cross-section. The modes of vibration 
exhibited by this type of rod can be of 
two types - longitudinal (parallel to the 
axis of the rod) and transverse (per¬ 
pendicular to the axis of the rod). The 
information required for calculation of 
the resonant frequencies of vibration 
includes the length of the rod, the elas¬ 
tic properties of the rod material, the 
mass density of the rod material, the 
radius of the rod cross-section and the 
boundary conditions at the ends of the 
rod. The length of the rod and the radius 
of the rod cross-section are known from 
the electron micrograph (Figure 1 a, b). 
The other necessary information, viz. 
the elastic properties and the mass 
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100 km) to the left of this position, and (iii) landfall 
to the right of it. 

(d) These fields may be displayed in any order or 
combination. Also, the user may zoom into any part of 
the coastal region to examine magnified picture, if 
needed. 

(e) The whole process of running the model for a 
48 h forecast takes 15-16 min. 

A significant feature of this storm surge forecast system 
is its ability to investigate multiple forecast scenarios in 
real time. For example, three 48 h forecasts can be carried 
out on a 20 MHz PC-AT 386 in about 15 min. 

Validation experiments 

A number of simulation experiments have been performed 
to validate the model, by using the data in respect of 
severe cyclonic storms that have hit the Indian coastal 
region in the past. An attempt has then been made to 
compare the simulated sea surface elevations with obser¬ 
vations from local tide gauges wherever possible or 
with post-storm survey estimates of IMD. 

November 1977 Andhra cyclone 

A severe cyclonic storm with a core of hurricane winds 
hit the Andhra coast on 19 November 1977. The cyclone 
originated around Malaysia and moved westward as a 
low-pressure area gradually concentrating into a deep 
depression with its centre near b^N, 92‘*E on the morning 
of 14 November. Continuing to move generally westward. 



Figure 5. Model-computed peak surge envelope (m) along the Andhra 
coast associated with the 1977 Andhra cyclone. The inset shows the 
eeist coast of India. 


the system rapidly intensified and on the morning of 
16th lay near 7‘'N, 85.5‘’E with a well-developed core 
of winds exceeding 30 ms"^ On the evening of 16 
November, the storm changed course towards more 
northerly track, which it continued to follow until landfall 
on the Andhra coast. The history of the storm just 
before the landfall is shown in Figure 5. Satellite reports 
indicated that the storm attained its peak intensity on 
the 18th and maintained it until the 19th. The maximum 
wind speed associated with the storm during this period 
was estimated to be about 70 m s"^ at a distance of 
40 km from the centre and the pressure drop to be 
80 hpa at the centre. 

The cyclone was most devastating along the main 
coast south of Masulipatnam, caused mainly by the 
surge-induced sea surface rise, which flooded the low- 
lying region, taking a heavy toll of life and property. 
The attendant sea surface rise, estimated from the position 
of debris entangled in the trees, was 5 m. A two-day 
simulation of the surge generated by the cyclone was 
initiated at 1200 UTC on 17 November. The model- 
computed peak surge values associated with the storm 
are shown in Figure 5. The maximum predicted surge 
was also 5 m and was located at a grid point close to 
Divi Island, indicating a good agreement with the es¬ 
timates made from the post-storm survey. 

June 1982 Orissa cyclone 

A cyclonic storm which formed over the east-central 
Bay of Bengal on 1 June 1982 and was expected to 
cause a gale wind speed of 75-85 km h~^ suddenly 
intensified into a hurricane with wind speeds of 150-200 
km h"^ in the afternoon of 3 June. The storm crossed 
the North Orissa coast between Paradeep and Chandbali 
on the same day with a wind speed of 200 km h"^ 
(Figure 6). From the analysis of radar, satellite and 
surface observations, IMD estimated a pressure drop of 
50 hpa and the radius of maximum winds to be 40 km 
at landfall. Observations of peak sea surface elevations 
were estimated to be more than 3 m at port Dharma 
about 55 km to the right of the landfall point. This is 
in close agreement with the peak surge predicted by 
the model (Figure 6). 

May 1990 Andhra cyclone 

A severe cyclonic storm with a core of hurricane winds 
crossed the Andhra coast at the mouth of river Krishna 
on the evening of 9 May 1990 at about 1330 UTC 
(Figure 7). The cyclone started as a well-marked low- 
pressure area over the southeast Bay of Bengal and 
rapidly concentrated into a deep depression centred near 
lO.O'^N and 85.5°E, at 0300 UTC on 5 May 1990. By 
the evening it had intensified into a severe cyclonic 
storm and attained a hurricane intensity at around 0600 
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sure gradient and the centrifugal, coriolis and surface 
frictional forces for a stationary storm. 

Storm surge model 

This is a vertically integrated numerical storm surge 
prediction model^' which may be used as a menu-driven 
stand-alone system. The model is fully nonlinear, forced 
by the wind stress and by quadratic bottom friction, 
and includes the nonlinear advection terms, which are 
found to have a significant effect on the final results, 
especially in the shallow coastal waters of the head 
Bay of Bengal. The model also incorporates a procedure 
to simulate realistic curvilinear representation of 
shorelines, as well as finer resolution of the shallow 
coastal ocean through a variable grid size. A knowledge 
of the detailed bathymetry, wherever available, can thus 
be profitably used to refine the predictions. The first 
offshore grid point along the shore at which the elevation 
is computed is, on an average, about 5 km from the 
shoreline. 

A conditionally stable semi-explicit finite difference 
scheme with staggered grid is used to obtain the numeri¬ 
cal solution of the model equations. The staggered grid 
consists of three distinct types of computational points 
at which the sea surface elevations and the zonal and 
meridional components of depth-averaged currents are 
computed. The computational stability is achieved by 
satisfying the CFL (Courant-Friedrich-Lewy) criterion. 
In the present model this condition is satisfied by 
limiting the step of integration to 3 min. 

The model is capable of simulating the actual onshore 
topography, but such data are not yet available on the 
desired scale; coastal boundaries in the model are, 
therefore, represented as vertical walls across which the 
normal component of transport vanishes. Model forecasts 
of both storm surge heights as well as of the attendant 
landward incursion of the sea would greatly improve 
when this additional information becomes available. 

Surface and bottom stress 

The atmosphere transfers energy to the ocean through 
normal and tangential stresses on the sea surface, which 
are generated by pressure gradients and vertical wind 
profile. The input of energy is partly lost by the tangential 
stress at the sea bottom. It is exerted on the sea bed 
by the current immediately above it. The formulation 
of surface stress is usually in the form of a quadratic 
law. Very little information is currently available on 
the numerical values of the drag coefficients for strong 
winds. In the case of strong winds (exceeding 10 ms"^) 
and strong currents (exceeding 1 m s~^) the surface and 
bottom stress may be comparable (~ 10"^ m^ s"^). 

Sea bed friction is also formulated in terms of a 


quadratic law, but here too very little data are available 
on the appropriate drag coefficients. It is not very clear 
whether the same value should be used both for the 
tidal cycle and the surge. 

Some earlier models^ have used sea bed friction in 
terms of an Ekman spiral. The spin-up time for a steady 
Ekman layer is around 3-4 days. It is probably unrealistic 
to use a steady Ekman layer from the very early stages 
of surge development. 

In the present model the bottom stress is computed 
from the depth-integrated current using the quadratic 
law (see Appendix), with a constant coefficient of friction 
of 0.0028. This value was selected on the basis of a 
number of numerical experiments^"^. 

Normal currents across boundaries in the open ocean 
are prescribed by a radiation type of conditionAs 
usual, it is assumed that motion in the sea is generated 
from an initial state of rest. 

Bathymetry 

Coastal bathymetry data fed in the model are derived 
from the Naval Hydrographic Charts, and interpolated 
at the model grid points by using a cubic spline inter¬ 
polation scheme. With this procedure sufficiently accurate 
and realistic, bathymetry can be generated over the 
continental shelf. 

Operating procedure 

The storm surge prediction model is run from a terminal 
menu. The steps are as follows: 

(a) First, the user sets up the forecast domain by 
executing an appropriate window. The user also specifies 
an arbitrary number of stations located about the 
forecasted positions of the cyclone landfall at which 
peak surges are to be displayed. The duration of the 
forecast and the number of iterations are also specified. 

(b) The user next inputs the epochal characteristics 
of the cyclone determined from INSAT imageries and 
coastal radars for computing the wind stress. These 
include six-hourly or more frequent values of (i) the 
cyclone position (lat.-long.), (ii) pressure drop (hpa), 
and (iii) the radius of maximum winds (m). As the 
storm approaches the coast and IMD forecasts of these 
parameters become more accurate, the track of the 
cyclone is periodically updated. 

(c) The final step is to run the storm model sequen¬ 
tially. The former produces the surface wind stress 
associated with the cyclone at various time steps, while 
the output of the surge model yields sea surface elevation, 
current fields and the peak surge envelope for three 
scenarios of the cyclone landfall: (i) at landfall as 
forecast, (ii) landfall at some distance (preferably 50 or 
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Figure 6. Model-computed peak surge envelope (m) along the Andhra 
coast associated with the 1982 Orissa cyclone. The inset shows the 
east coast of India. 

UTC of 6 May. It moved in the west-northwesterly 
direction until the morning of 7 May, but thereafter 
changed course to a north-northwesterly direction until 
landfall on 9 May. Based on satellite data beamed by 
INS AT-IB, IMD estimated the lowest pressure at the 
cyclone centre to be 920 hpa and the maximum sustained 
winds, at about 25 km from the centre, to be 127 knots 
(about 65 m s"^). 

The cyclone caused heavy damage to life and property 
in the coastal region, A surge of 4-5 m was reported 
from the region. The level of river Krishna rose by 
about 4 m long stretch from Edirumondi to Nagayalanka 
about 25 km to the north. However, advance warning 
systems enabled the authorities to evacuate about 600,000 
persons to safe* shelters. The number of causalties was 
thus much smaller, about 1000 compared to the 20,000 
killed by the 1977 Andhra cyclone. Figure 7 a shows 
the envelope of the peak surge along the east coast of 
India, as predicted by the model. The maximum surge 
height compares well with the observed rise. Figures 
7 b and 7 c provide two other forecast scenarios for 
landfall positions 100 km to the south and north of the 
actual one. 

November 1992 Tuticorin cyclone 

A deep depression formed on the morning of 11 Novem¬ 
ber 1992 near 7.5“N, 86.5“E and about 800 km east- 
south-east of Nagapattinam. It followed a steady westerly 
course and by the evening had intensified into a cyclonic 
storm about 500 km south-south-east of Nagapattinam. 
After crossing Sri Lanka, it emerged into the Gulf of 


Mannar and while still about 180 km south-south-east 
of Tuticorin on the 13th morning, it suddenly changed 
course and moved north-westwards, intensified into a 
severe cyclonic storm by the 13th afternoon and hit 
Tuticorin on the south Tamil Nadu coast in the evening 
(Figure 8). 

Based on the observations of INSAT-2A, IMD es¬ 
timated the lowest central pressure of the cyclone to 
be 988 hpa and a maximum sustained wind of 55 knots. 

The cyclone caused considerable damage in the coastal 
districts of Tamil Nadu and Kerala after it crossed the 
coast near Tuticorin. Storm surges about 1-1.5 m high 
flooded a 70 km stretch of the coast up to 200-300 m 
inland. Figure 8 shows the predicted peak surge envelope 
along the Tamil Nadu coast with the maximum surge 
height of more than 1 m, which compares well with 
observations. 

Karaikal cyclone of December 1993 

A depression formed over the southeast Bay of Bengal 
on 2 December 1993 near 8“N, 87'*E and about 900 km 
east-south-east of Nagapattinam. Moving in a west- 
north-westerly direction, it concentrated into a cyclonic 
storm by mid-day, centred near 8.5“N, 86.0“E, and turned 
quite severe on 3rd morning when it was located about 
400 km east-south-east of Nagapattinam. The system 
began to intensify further into a severe cyclonic storm 
with a core of hurricane winds in the early hours of 
4th December. It finally crossed the north Tamil Nadu 
coast near Karaikal just before noon (Figure 9). IMD 
estimated a pressure drop of 50 hpa and a maximum 
sustained wind speed of 167 km h"^ at about 30 km 
from the centre. A storm surge of about 1 m was 
estimated to occur close to the landfall point, in good 
agreement with that predicted by the model (Figure 9). 

Tasks for further refinement 

The foregoing tests of the PC-based storm surge predic¬ 
tion system, against qualitative observations of the surge 
height produced by severe cyclonic storms that have 
hit the Indian coast over the past three decades, appeared 
satisfactory enough to warrant its further test for opera¬ 
tional feasibility. This is currently in progress at the 
Centre for Coastal Ocean Design and Prediction Systems 
(CODAPS) at IITM. However, it must be appreciated 
that these forecasts have the possibility of being greatly 
refined if the actual onshore and offshore topography 
is simulated using detailed topographic and bathymetric 
data instead of the much coarser boundary conditions 
that have been used in the absence of such data. 

Recognizing the importance of generating such data, 
a programme for detailed onshore and offshore mapping 
of the most vulnerable parts of the coast was initiated 
by the Department of Ocean Development (DOD), 
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Government of India, a few years ago. The Survey of 
India is accordingly generating these data for the coastal 
stretch between Nagapattinam and Paradeep. These new 
data sets when available can be easily incorporated into 
the model to obtain not only more refined forecasts of 
storm surge heights but also advance warnings of the 
extent of inland incursion of sea water. 

Installation of new-generation tide gauges along the 
coast currently under way as a part of the Sea Level 
Monitoring and Modelling (SELMAM) programme of 
DOD would similarly provide more accurate data on 
the actual sea surge heights for model validation and 
its progressive refinement as a predictive tool. 


Figure 7. a. Model-computed peak surge envelope (m) along the 
Andhra coast associated with the 1990 Andhra cyclone. The inset 
shows the east coast of India, b, Model-computed peak surge envelope 
(m) along the Andhra coast associated with the 1990 Andhra cyclone. 
The landfall of the cyclone is 100 km to the south. The inset shows 
the east coast of India, c. Model-computed peak surge envelope (m) 
along the Andhra coast associated with the 1977 Andhra cyclone. The 
landfall of the cyclone is 100 km to the north. The inset shows the 
east coast of India. 

Availability of this operational prediction system 
would, it is hoped, spur more advanced research and 
analytical activity to refine the model further, as well 
as urge its gradual integration in the mainstream of 
community activities for advance planning, rescue, relief 
and rehabilitation. 

For example, this prediction system can now be used 
to design extensive numerical experiments aimed at 
producing probabilistic hazard intensity maps in coastal 
areas. This would, in turn, provide the basic database 
for advance land use planning and hazard-resistant 
designs of structures in these regions. 

Appendix. Summary of formulation of 
numerical storm surge model 

Given below is a brief description of the formulation 
of the storm surge model along with some details about 
boundary and initial conditions. Additional details about 
the model formulation integration procedure, etc., can 
be found elsewhere^’ 

Governing equations 

A system of rectangular Cartesian coordinates is used 
in which the origin O lies in the equilibrium level of 
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Figure 8. Model-computed peak surge envelope (tn) along the Andhra 
coast associated with the 1992 Tuticorin cyclone The nisei shows the 
easi coast of India. 



Figure 9. Model-computed peak surge einelopr imi along the Andhra 
coast associated with the 1993 Karaikal e\clone. The inset .shows the 
east coast of India. 


^ [(C + A)m]+ [(C + M 

( 1 ) 

I [(C + / 2 )v]+ ^ [a + h)uv] 

+ ^ [(^+/zy]+/(C+/i)« 
ac 1 ap 



(2) 

p ■ 

~^[{t; + h)u]+^ [(C + /!)v] = 0, 

(3) 


where 

M, V = depth-averaged components of velocity in the 
direction of x,y, respectively, 
p = pressure, 

p = density of the sea water, supposed to be homo¬ 
geneous and incompressible, 

= density of air, 

/ = Coriolis parameter, 
g = acceleration due to gravity, 

= the atmospheric pressure at z = ^, 

(t^, = the applied surface wind stress, 

(x"^, x"^) = the bottom stress. 

The bottom stress components are parameterized by 
the conventional quadratic law: 

= pCj. (w^ +v), (4) 

where Q = 2.6 x 10"^ is an empirical bottom friction 
coefficient. 

Boundary and initial conditions 

In a vertically integrated model, the normal transport 
must vanish at coasts, i.e., 


the sea surface. Ox points towards the east, Oy points 
towards the north and Oz is directed vertically upwards. 
The displaced position of the sea surface is given by 
z = position of the sea floor by 

z = -h{x,y). The equations governing the motion in 
the sea are then given by^^ 


u cos a + V sin a = 0 for all / > 0, (5) 

where a denotes the inclination of the outward drawn 
normal to the x-axis. Further, the normal currents across 
the open sea boundaries may be prescribed by a radiation 
type of condition given by^ 
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u cosa + v sin a +^ = 0. 


(6) l/= VJ2Rr/R^ + r^), 


(ref. 12) (11) 


As usual, It IS assumed that the motion m the sea is V = V exp[(r-/?)/a], 0 < r < R, . r io\ /ion 

generated from an initial state of rest, so that ^ „ 

^ = V^exp[(/?>-r)/p], r>R, 


^ M = V = 0 everywhere for t < 0. (7) 


Forcing functions 


In the above predictive equations (l)-(3) the observed 
wind stress components and the surface pressure are 
used as forcing functions. The surge is generated by 
an idealized cyclone of constant strength, tracking across 
the analysis area with a constant speed. In view of the 
strong associated winds and consequently high values 
of wind stresses, the forcing due to barometric changes 
(i.e. dp^/dx and dp.^/dy) may be neglected in the surge 
prediction models. The problem thus remains to compute 
the surface winds and the wind stresses. 

So far, no satisfactory theory exists on which a 
computation of the surface winds can be based. A 
number of numerical models specify the pressure and 
wind fields by one of the following expressions: 


p(r) = 1010- 


Ap 


1 + (r/Ry 


(ref, 4) 


= 4Vj[(r/R)V(l+(r/Rm 


( 8 ) 


p{r) = p(oo) - Ap exp(- r/R) 


2 


4 Pa j 


Vi 


(ref. 5) 


(9) 


where r is the radial distance from the storm centre, R 
is the radius of the maximum wind, p{r) and p{oo) 
represent sea level pressure at r and the cyclone 
periphery, respectively, is the density of air and 
is the maximum wind at R. By equation (8) the maximum 
wind and the pressure drop may be related by 
= c(Apy^^, where c is a numerical constant. In some 
other cyclone models the wind profile is specified by 


V = VJr/Ry^\ 0 < r < R, 

V = VJR/ry''\ r>R, 


-(ref. 17) (10) 


where a and p are numerical constants having the 
dimensions of length. 

The surface wind stress components (t^, tJ) due to 
the action of the wind are calculated by a conventional 
quadratic law with a uniform friction coefficient of 
2.8 X l 0 -\ 
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Differential rates of seed abortion among 
trees of Dalbergia sissoo : Role of post-dispersal 
sibling competition 

4* 

B. Mohan Raju, R. Uma Shaanker and K. N. Ganeshaiah*’ 

Department of Crop Physiology, ^Department of Plant Genetics and Breeding, University of Agricultural Sciences, GKVK, Bangalore 560 065, India. 


It has been suggested that production of a high 
frequency of few-seeded pods in most trees of Dalbergia 
sissoo is due to the enhanced dispersal efficiency and 
reduced sibling competition among the seeds of such 
pods. However, a few trees exhibit a relatively low seed 
abortion and hence, a relatively lower frequency of 
one- and two-seeded pods. Such reduced seed abortion 
in one such tree (T-9) is shown to be due the lack of 
establishment of a strong dominance by the early 
fertilized over the late fertilized ovules. Unlike in the 
pods of the normal trees, the early fertilized ovules in 
this tree do not inhibit the metabolic activity of the 
late fertilized ovules. We show that such reduced 
abortion in such trees is favoured due to reduced gains 
to the survivor in the few-seeded pods. While the 
dispersal advantage of the single-seeded over many- 
seeded pods in this tree remains the same as in others, 
the post-dispersal negative interactions among the 
seeds of a pod are significantly lesser in it than that 
in the pods of normal trees. We discuss these results 
in the context of sibling rivalry among, and inclusive 
fitness of, the seeds developing within the pods of 
D. sissoo. 


In certain multiovulated species where whole fruit or a 
part thereof is dispersed through wind or water, seed 
abortion occurs despite pollen and resource availability^"^. 
Consequently, these species frequently exhibit a highly 
positively skewed distribution of seeds per fruit where 
the frequency of few-seeded fruits is more than that of 
the many-seeded fruitsReduced seed number in fruits 
consequent to such intra-fruit abortion enhances the 
dispersal efficiency of the survivor owing to decreased 
wing loading of the pods"^^ and reduces post-dispersal 
competition among the sibs of a fruit for resources^’ 
Ganeshaiah and Uma Shaanker^ and Uma Shaanker 
et al? have hence argued that such seed abortion has 
been selected in these species because it increases the 
dispersal advantage and reduces the post-dispersal sibling 
competition for the seeds that eventually survive in the 
fruits. They have also suggested that such intra-fruit 
seed abortion could hence be a manifestation of the 
fratricidal strategy of the developing seeds to eventually 
gain these advantages. 

^For correspondence. 


This argument predicts that the extent of intra-fruit 
seed abortion would be in proportion to the gain the 
eventual survivor in the pod accrues either through the 
increased dispersal advantage and/or through reduced 
post-dispersal sibling competition for resources. In other 
words, in situations where the dispersal advantage gained 
due to the reduced seediness of fruits is high, and/or 
when post-dispersal competition among the seeds of a 
fruit is intense, the extent of intra-fruit seed abortion 
and hence the extent of bias towards few-seeded pods 
is expected to be high. In this paper we offer evidence 
of this prediction. 

System 

Trees of Dalbergia sissoo bear indehiscent, flat pods 
that are dispersed through wind. Ganeshaiah and Uma 
Shaanker^ have shown that these pods exhibit a highly 
positively skewed frequency distribution of seed numbers 
in them with about 70-80% having one seed, 10-15% 
two and the rest with three or four seeds (Figure 1). 
Among these, the few-seeded (especially one-seeded) 
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Figure 1. Frequency distribution of .seeds per pod; data pooled from 
10 trees (solid line; n = 1465 pods) are compared with the data on 
T-9 (dotted line; n = 224 pods). T-9 differed significantly (at 5%) 
from all other trees in frequency distribution (KS test). 
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pods have an increased dispersal advantage owing to 
their reduced wing loading compared to many-seeded 
(two, three and four) pods. Ganeshaiah and Uma 
Shaanker^ have also shown that the formation of few- 
seeded pods is not due to pollen and resource limitation. 
Rather, such a high frequency of few-seeded pods is 
attributed to an intense intra-fruit abortion of ovules 
following their fertilization. 

During these studies we observed that about 5% of 
the trees (7 out of the 150 trees examined) differ from 
the normal trees in that they bear less than the normal 
frequency (~ 70%) of single-seeded fruits. The present 
study compares the normal trees of D. sissoo with one 
of such trees (T-9) that exhibited unexpectedly low seed 
abortion and hence a relatively low frequency (50%) 
of single-seeded pods. We argue that the advantages to 
the survivor of the intra-fruit seed abortion in such trees 
should be less than those in other normal trees and that 
such relatively reduced gains to the survivor favour 
reduced intra-fruit abortion, resulting in an increased 
seed number per pod in these trees. 

Mostly, two trees, viz. T-1 (representing the ‘normal’ 
trees) and T-9 (representing the ‘deviant’ trees), were 
sampled for studying different parameters. These two 
trees are located at Hebbal (old campus). University of 
Agricultural Sciences, Bangalore, and are separated by 
a distance of nearly 1 km; there were no noticeable 
differences in their growth environment nor in their 
gross morphological features. Whenever necessary data 
on other trees were also gathered. 

Methods 

Frequency distribution of seeds per pod 

Mature pods from trees T-1 and T-9 were collected in 
two seasons and the seed numbers in them counted. 
The frequency distributions of the two trees were com¬ 
pared using the Kolmogorov-Smirnov (KS) test and 
their mean seeds per pod using the r-test. 

Wing loading 

Dry pods of T-1 and T-9 (Table 2 for sample size) 
were collected and dried further at 50°C for 3 days. 
Each pod was weighed and the pod surface area recorded 
using a Licor leaf area meter. The wing loading was 
computed as the ratio of weight to surface area of the 
pod. 

Pattern of seed abortion 

Our studies have shown that the subordinate ovules at 
the base of the pod are aborted because their metabolic 


activity is highly suppressed by the dominant ovules at 
the stigmatic end. To examine this process, young pods 
aged 3 days after fertilization, in which abortion had 
not yet. set in, were sampled for trees T-1 and T-9. 
From these pods the dominant (first two ovules from 
the stigmatic end) and subordinate ovules (the rest from 
the peduncular end) were excised and implanted in 
cavity slides containing 10 |-il of 25 |iCi sucrose and 
incubated for 12 h at 75% RH and 30°C. The ovules 
were then washed thoroughly in distilled water for 3 h, 
weighed and ground in Bray’s solution and their radioac¬ 
tivity estimated by scintillation counter^ 

Post-dispersal sibling competition 

A set of two- and three-seeded dry pods of trees T-1 
and T-9 were cut (see Table 4 for sample size) at the 
septa region and these segments (hereafter called 
‘separate’) containing one seed each was sown at a 
density of 150 seeds/m^ in sand beds. Another set of 
two- and three-seeded ‘intact’ pods were also sown at 
the same density. The emergence percentage of seeds 
after two weeks and seedling height and weight after 
a month were recorded for each seed. 

Results 

Differential seed set among trees 

Most of the D. sissoo trees exhibit a highly positively 
skewed distribution of seeds per pod (Figure 1; pooled 
over 10 randomly selected trees). For clarity we have 
compared the data on a set of five trees with that of 
the unusual tree T-9 in Table 1 (see also Figure 1). 
Clearly, all the ‘normal’ trees bear 70-80% single-seeded 
pods while T-9 bears only 48% single-seeded pods. The 
average number of seeds per pod of the ‘normal’ trees 
is 1.23 ± 0.012 {N = 10 trees) with a skewness coefficient 
of 2.24; the mean number of seeds per pod in T-9 is 


Table 1. Mean seed number, percentage pods with single seed 
and skewness coefficient of six trees of D. sissoo 






Trees 





T-1 

T-2 

T-3 

T-4 

T-5 

Pooled 

T-9 

Seeds/pod 

1.18 

1.18 

1.16 

1.35 

1.21 

1.23 

1.69 

SE (±) 

Sample size 

0.025 

0.038 

0.025 

0.044 

0.036 

0.012 

0.051 

(pods) 
Percentage 
pods with 

328 

115 

306 

210 

167 

1465 

224 

single seeds 
Skewness 

84.45 

82.60 

87.25 

71.42 

81.43 

86.55 

48.2 

coefficient 

2.66 

2.05 

2.84 

1.91 

2.09 

2.24 

0.77 


T-9 differed significantly (at 5%) from all other trees for the frequency 
distribution (KS test). 
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significantly higher (x = 1.69±0.051; P < 0.01) with 
a skewness coefficient of 0.77. 

Proximate causes of differential seed set 

The increased seed set of T-9 cannot be attributed to 
the differences in the ovule numbers per ovary of the 
trees. The mean numbers^of ovules per ovary for the 
two trees were similar (x = 4.57 ±0.104 for T-1 and 
4.59 ±0.091 for T'-9) and the frequency of ovules per 
ovary showed normal distribution for both trees (skew¬ 
ness coefficient of 0.326 for T-1 and 0.225 for T-9). 

The extent of positive skewness for the frequency 
distribution of seed numbers per pod within each tree 
is consistent over seasons (Table 2), suggesting that 
these patterns may not be environmentally influenced 
and may rather be a consequence of certain internal 
regulation over seed set. Earlier studies^’^ have shown 
that poor seed set in D. sissoo is not due to pollen or 
resource limitation nor due to lack of fertilization of 
ovules. Thus, the increased seed set in T-9 cannot be 
attributed to elevated or enhanced pollen and/or resource 
status of the plant. The tree occurred within a few 
meters of T-1 and other trees that exhibited highly 
positive skew of seeds per pod and hence habitat dif¬ 
ferences could not be contributing to the enhanced seed 
set in its pods. 

Reduced seed set in Dalbergia is shown to be a result 
of the establishment of dominance of the stigmatic 
ovules over those at the base owing to their head-start 
in fertilization*’^. These dominant ovules apparently 
produce certain chemical(s) that inhibit the metabolic 
activity of the subordinate ovules at the base, hindering 
their development*’^. Consequently, the ovules at the 
base are starved and are eventually aborted. In this 
context, the relatively reduced seed abortion in T-9 
could be due to reduced dominance established by the 
stigmatic over peduncular ovules. The *"*0 sucrose uptake 
activity of the stigmatic ovules is almost equal to that 
of peduncular ovules in T-9 (ratio = 0.98; Table 3) 


while it was always more than unity in T-1. In other 
words, in T-9 the basal and stigmatic ovules are equally 
metabolically active; the stigmatic ovules do not establish 
dominance in this tree as they do in T-1. Such a lack 
of dominance allows the developing ovules (embryos) 
at the base to be metabolically active over a long period 
during the initial stages of development, resulting in 
their better survival, establishment and maturation to 
seed. It is, however, not clear if such a lack of dominance 
is due to enhanced synchrony in the sequence of fer¬ 
tilization of ovules in T-9 compared to other trees. 

Adaptive basis of differential seed abortion 

Trees did not differ in wing loading of the pods (Table 
2); wing loading of the single-seeded pods of both the 
trees are equal and less compared to their respective 
two- and three-seeded pods. Thus, the dispersal advantage 
of single-seeded pods over many-seeded pods is expected 
to favour abortion in T-9 also to the same extent as it 
would in T-1 and other normal trees. 

The seedlings emerging from ‘separated’ seeds of 
two- and three-seeded pods of T-1 weighed significantly 
more and grew taller compared to those of the ‘intact’ 
pods (Table 4), suggesting that there is an intense 
post-dispersal interaction among the seeds of a pod of 
this tree. However, in T-9 the ‘separated’ and ‘intact’ 
seeds of both two- and three-seeded pods did not differ 
in their seedling height and weight, suggesting a lack 
of negative interactions among the seeds of the pod in 
T-9. Thus, the extent of post-dispersal sibling competition 
is very less among the seeds of a pod in T-9 compared 
to those of T-1. In other words, the gains to the surviving 
offspring by aborting the sibs in the pods are less in 
T-9 compared to those in T-1 and this might select for 
reduced abortion in the former tree. These differences 
between the trees in the post-dispersal interactions among 
the seeds of their pods could not be attributed to the 
differences in the weights of seeds; the two trees showed 
similar seed weights (Table 5). 


Table 2. Frequency distribution of seeds per pod and wing loading in T-1 and T-9 


Seeds per 
pod 


T-1 



T-9 


Percentage pods 

Wing loading* (gcm"^) 

Percentage pods 

Wing loading* (g cm ^) 

Season 1 

Season 2 

n 

x±SE 

Season 1 

Season 2 

n 

x±SE 

1 

84.45 

83.67 

20 

16.33 + 0.32^ 

48.21 

49.20 

30 

16.43 ±0.27^ 

2 

13.41 

12.92 

20 

18.52 + 0.36'’ 

35.71 

33.58 

40 

18.09 ±0.17’’ 

3 

1,82 

2.72 

6 

20.25 + 1.05" 

14.73 

14.62 

24 

18.86 ±0.25‘ 

4 

0.30 

0.68 

— 

— 

1.33 

2.56 

— 

— 

Sample size 

328 

147 



224 

390 




T-1 Season 1: 3 March 1990; Season 2: 12 March 1992 (KS test between seasons for T-1: = 1.28; NS). 

T-9 Season 1: 21 March 1992; Season 2: 27 October 1992 (KS test between seasons for T-9: = 1.23; NS). 

KS test between the T-1 and T-9 for data pooled over seasons within each tree: - 0.35; P = 0.(X)01. 

*The wing loading values were compared within each tree; mean values with different superscripts differ significantly at 5%. 
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Table 3. '"‘C sucrose uptake by stigmatic (stig) and peduncular (ped) ovules in two trees 
of Dalbergia three days after fertilization 




Experiment 1 


Experiment 2 





Ratio 



Ratio 

Mean 

Tree 

n 

cpm/ovule 

(stig/ped) 

n 

cpm/ovule 

(stig/ped) 

ratio 

T-1 








Stigma 

3 

287.50 

1.75 

3 

255.80 

2.07 

1.91 

Peduncle 

T-9 

3 

164.40 

3 

123.40 




Stigma 

Peduncle 

3 

3 

198.80 

200.90 

0.98 

3 

3 

133.80 

136.00 

0.98 

0.98 


n = no. of replications; Sach replication had 20 ovules. 

Experiments 1 and 2 refer to two sets of experiments conducted on two different days. 


Table 4. Effect of seed number per pod on post-dispersal seedling competition in two trees 


Mean germination (% ± SE)* Mean seedling height (cm ± SE)^ Mean seedling dry wt (g ± SE)^ 


n Intact n Separate n Intact n Separate Intact Separate 


T-1 

2-seeded 


pods 

3-seeded 

80 

52.50 ±5.62=‘ 

80 

52.50 + 5.62" 

42 

43.45 + 3.30" 

42 

57.45 ±4.07” 

3.2810.46" 

6.08 ± 1.80'’ 

pods 

T-9 

2-seeded 

60 

43.33 ±6.45" 

60 

43.33 ±6.45” 

26 

43.8114.11" 

26 

79.60 ±7.48^' 

2.93 + 0.51" 

14.33 10.5T 

pods 

3-seeded 

40 

92.50 + 4.22" 

40 

67.50 ±7.50'’ 

37 

44.1612.33" 

27 

46.0412.58" 

2.1810.23" 

2.5310.27" 

pods 

30 

63.3318.96" 

30 

60.00 ±9.11" 

18 

42.7212.88" 

19 

39.0512.62" 

1.8110.30" 

1.4510.22" 


n = number of seeds. 

*Mean values with similar superscripts within each row are not significantly different for mean seed germination. 

^Mean values with similar superscripts within each row are not significantly different for mean seedling height. 

"'Mean values with similar superscripts within each row are not significantly different for mean seedling dry weight. 


Table 5. Seed weights in mg (±SE) of two- and three-seeded 
pods of the two trees 


Trees 

n 

Position of the seed in the pod from the stigma 

1 

2 

3 

Two-seeded pods 




T-1 

50 

22.1410.17 

20.7810.17 


T-9 

40 

21.8010.33 

21.5310.44 


Three-seeded pods 




T-1 

11 

21.0910.42 

18.1810.42 

18.0910.61 

T-9 

20 

19.8010.54 

20.9510.59 

19.3510.37 


n ~ number of pods. 


Discussion 

The results support the prediction that the abortion of 
the seeds in the pods of D. sissoo is in proportion to 
the gain the survivor accrues. In T-1 the seeds surviving 
following intra-fruit seed abortion derive increased dis¬ 
persal advantage and also avoid the post-dispersal com¬ 
petition or negative interactions in their growth by other 
sibs of the pod. Selection thus favours the offspring to 


be the lone survivors and hence it is argued that they 
resort to abort the other offspring of the pod (interpreted 
as ‘fratricide’ by Uma Shaanker et al}). But in T-9, 
though the surviving offspring of the few-seeded pods 
gain dispersal advantage, they do not seem to suffer 
from the post-dispersal negative interactions from the 
sibs of the pod, at least during the early stages of the 
growth and establishment of the seedlings. Thus, the 
effective (cumulative) sibling competition among the 
members of the same fruit is much less in this tree 
than in others. Consequently, offspring in T-9 are selected 
to abort their sibs to a lesser degree than those in T-1. 
Such reduced fratricide among developing seeds results 
in a lower frequency of single-seeded pods. It would 
be worthwhile, however, to examine the heritability of 
this trait in tree T-9 as a test of the above argument. 
We have embarked on a long-term monitoring of the 
seed number per pod of progenies of tree T-9. 

The process underlying the existence (in T-1), or lack 
(in T-9), of such post-dispersal negative interactions 
among the growing seeds of a pod is not clear. It 
certainly is not due to any differences in the seed 
weights and is probably due to genotypic differences 
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in their pattern of post-dispersal interactions. It is likely 
that in ‘intact’ pods of T-1 the germinating seeds diffuse 
out growth-retardant(s) to other seeds through the xylem 
vessels connecting them in the dry pod so as to reduce 
the competition for resources and space at later stages. 
The diffusion of such chemicals might be hindered or 
blocked in the vessels in T-9, probably by the physical 
barriers developed during the late stages of pod matura¬ 
tion. Such a phenomenon could have been selected as 
a maternal counterstrategy so as to avoid competition 
or any negative interactions among her offspring and 
thus to increase her own inclusive fitness. 

At the same time, the possibility that the extent of 
intra-fruit seed abortion and post-dispersal negative inter¬ 
actions is linked to the genetic relatedness among the 
offspring cannot be ruled out. Uma Shaanker et al? 
have argued that offspring-driven seed abortion could 
be reduced when the sibs in a pod are highly genetically 
related. Though this leads to increased number of seeds 
per pod, and hence the survivors suffering a loss in 
dispersal advantage, their inclusive fitness could still be 
enhanced through the genetically related sibs that survive 
with them in the pod. That there is a reduced dominance 
hierarchy among the developing seeds in T-9 (indicating 
reduced ‘fratricide’) is suggestive of increased genetic 
relatedness among them. How such differences in the 
genetic related ness arise among trees is not immediately 
clear but could be a consequence of the differences in 
their levels of outbreeding. 

Finally, the differences in the extent of seed abortion 
between the trees T-1 and T-9 could merely emerge 
from the underlying differences in the sink-drawing 
ability (SDA) of their ovules as predicted by Ganeshaiah 
and Uma Shaanker^’They have shown that starting 


with identical ovules, differential development (asym¬ 
metry), and in extreme cases abortion, of ovules could 
arise through a process of ‘self-organized’ flow of 
resources wherein, purely due to a random drift (flow) 
of resources to one of the ovules and their subsequent 
autocatalytic positive feedback, a dominance hierarchy 
sets in; the extent of asymmetry was shown to be 
nonlinearly related to the SDA of the ovules^’ Accor¬ 
dingly, they^’^° predicted that species/individuals with 
higher SDA would exhibit a higher extent of asymmetry 
or seed abortion. In this context, it is likely that the 
observed differences in seed abortion between trees T-1 
and T-9 is due to their differences in SDA per se. 
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A new class of nonlinear optical 
materials based on push-pull 
quinonoid molecules 

M. Ravi, D. Narayana Rao’, Shmuel Cohen^, Israel 
Agranat^ and T. P. Radhakrishnan* 

School of Chemistry and ’School of Physics, University of Hyderabad, 

Hyderabad 500 046, India 

"Department of Inorganic Chemistry and 

^Department of Organic Chemistry, The Hebrew University of Jerusalem, 
Jerusalem 91904, Israel 

Diamino-substituted dicyanoquinodimethane molecules 
are shown to be promising new candidates for non¬ 
linear optical materials. The molecular hyper¬ 
polarizabilities are large and the materials are nearly 
transparent in the visible region; they are also chemi¬ 
cally and thermally stable. Suitable strategies can be 
used to induce noncentrosymmetry and, consequently, 
capability for second-harmonic generation. 

Organic molecules with large first-order hyper¬ 
polarizability, p, and polymers with large second-order 
hyperpolarizability, y are of great interest in the fabrica¬ 
tion of nonlinear optical (NLO) materials^ The former, 
when assembled into a noncentrosymmetric crystal lattice 
are useful for applications like second-harmonic genera¬ 
tion (SHG), electrooptic modulation, frequency mixing 
and optical parametric oscillation". Design of molecules 
with large (3 and transparency in the visible range along 
with acceptable thermal and chemical stability is an 
interesting and challenging problem. Obtaining bulk non¬ 
linear optical effects from these molecules continues to 
be an even more difficult proposition. 

We have examined a class of push-pull quinonoid 
compounds which appear to be promising candidates to 
develop second-order NLO materials. The prototypical 
systems 1, 2 and 3 (Figure 1) and some derivatives 
were prepared by a Du Pont groups and electric-field- 
induced second-harmonic generation studies (EFISHG) 
in solution indicated unexpectedly large |3 in one of 
these compounds'^, namely, 1. We have computed the 
(3 values of several of such molecules and found them 
to be quite large, considering the short extent of con¬ 
jugation present in them. We have also synthesized 
several new members in this class of molecules and 
present in this paper three typical cases (4, 5, 6). 
Molecule 4 and 5 did not show any SHG in the solid 
state, since they formed centrosymmetric crystal lattices. 
Since a centre of symmetry (S 2 operation) would neces¬ 
sarily be absent in the crystal lattice of a pure enantiomer, 
we prepared 6 to provide a noncentric crystal. This 
strategy^ led to a material with moderate SHG. These 
studies are expected to initiate investigations of push-pull 


*For correspondence. 
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quinonoid molecules for the fabrication of novel non¬ 
linear optical organic materials. 

The molecular structure of all the compounds were 
optimized using the AMI semiempirical method. The 
dipole moments of ground and excited states and hyper¬ 
polarizabilities were computed using the SCAMP 
routined This program provides theoretical estimates of 
|3 in good agreement with experiments; in the case of 
1 the reported experimental value'^ of p(/fco = 1.17 eV) 
is -(245±60)x lO'^^^esu and the value calculated (as 
discussed below) using SCAMP is - 243 x esu. 
Typically, all single and pair excitations within the 
manifold of 12 molecular orbitals bracketing the HOMO- 
LUMO were included in the Cl scheme. Hyper¬ 
polarizabilities presented in this paper are at zero 
excitation energies, calculated as the projection of 
the |3 tensor on the strongest dipole axis. The 
(3(/fco = 0eV) is particularly relevant since it avoids 
any resonance enhancement from absorption. 

The computational results for six typical molecules 
from our studies are provided in Table 1. The ground 
state dipole moments are quite large. These arise from 
the zwitterionic character due to the intramolecular charge 
transfer from the diaminomethylene end to the dicyano- 
methylene end. On excitation the back charge transfer leads 
to decreased dipole moments. The negative Aji is supported 
by the negative solvatochromism observed in these molecules 
using a procedure we have proposed recently^ 

The calculations indicated notable oscillator strengths 
only for two excited states in all the molecules, one in 
the visible range with low oscillator strength (~ 0.2) 
and the other in the UV with high oscillator strength 
(~ 0.6). The [3(/rco = OeV) are quite appreciable in 
these systems in view of the fact that these do not 
have very extended k electron conjugation paths 
(/7-nitroaniline, for example^ has a (3(0) value of 



Rj = —NH — CH— 0 6 

CH 3 

Figure 1. Molecules considered in the study. 
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Table 1. The calculated ground state dipole moment dipole 
moment change on excitation (A|x) and the static hyperpolariza¬ 
bility (p(0)) as well as the experimental absorption maxima and 
melting points of compounds 1-6 


Molecule 


A^i(D) 

p (0)’ 

^max 

m.p. ("O 

1 

14.8 

-9.2 

-57.2 

405 

>350 

2 

12.5 

-4.5 

-29.0 

370 

>350 

3 

14.5 

-10.2 

-58.6 

403 

>350 

4 

15.0 

-8.0 

-73.3 

410 

302 

5 

12.5 

-9.3 

-67.7 

420 

>350 

6 

12.5 

-3.0 

-31.5 

368 

245 


"^In units of 10"^esu. 

*In acetonitrile solution (in nm). 


— 9.1 X esu). This seems to arise from the large 
A|i associated with the electronic excitations. A detailed 
theoretical analysis we have recently carried out^ on 7,7'- 
diamino-8,8'-dicyanoquinodimethane (3) indicates that 
the usual two-level approximation^ to [3 reproduces only 
50% of the full p and that appreciable contributions 
from several excited states lead to large values of p in 
these systems. The negative effects of the rather large 
excitation energies with strong oscillator strengths in 
these molecules are offset by these large A[i contributions. 

Encouraged by the theoretical results, we have syn¬ 
thesized several compounds in this class with a view 
to investigating, in particular, the NLO properties of 
the bulk materials, which are practically more relevant 
than the molecular properties like p. The synthesis is 
quite simple and follows the general procedure outlined 
in ref. 3. In the case of molecule with two different 
donor amines, the monopyrrolidine- substituted 7,7',8,8'- 
tetracyanoquinodimethane was prepared initially, fol¬ 
lowed by the replacement of the second cyano group 
by the appropriate second amine. Table 1 provides the 
experimental absorption wavelengths of the six molecules 
recorded in acetonitrile solution. In every molecule only 
a single absorption is seen, which appears close to the 
UV-visible interface or outside the visible window. The 
solid materials are all either colourless or pale yellow. 
The melting points provided in Table 1 point to the 
general thermal stability of these compounds, showing 
that poling techniques can be applied on them and that 
laser irradiation damage will be minimal. We present 
below the preliminary studies on 4, 5 and 6. 

. The Z?zi'-piperidine and 6f5-morpholine derivatives (4, 5) 
gave crystals suitable for X-ray analysis from acetonitrile; 
the crystal structure analysis^ of these two compounds 
indicated centric space groups PI and P2j/n, respectively. 
This was not unexpected as the dipole moment of these 
compounds is very large. As indicated by the space group 
symmetry, no SHG was detected in these compounds. 

Since chirality in the molecule forces the crystal 
packing to be noncentric, we have prepared the S(--)-a- 
methylbenzylamine derivative (6). Crystals grown from 
acetonitrile were protected from solvent loss and structure 
analysis was carried out^. The noncentric space group 



Figure 2. Variation of the powder SHG intensity with particle si/e 
of 6. 

P2j was observed. SHG studies were carried out using 
a Nd: YAG laser with 1064 nm radiation. The samples 
were loaded between glass plates with uniform teflon 
sheets to control the sample thickness. Powder material 
of different particle sizes were selected by grading with 
standard sieves. Particle size dependence of the SHG 
(Figure 2) was analysed following the Kurtz and Perry 
method^^\ and 6 showed a phase-matchable SHG three 
times stronger than urea at particle sizes above 150 |am. 
Crystals also produced the same moderate SHG. It is 
noteworthy that this compound shows an absorption at 
about 368 nm in acetonitrile solution and is light yellow 
in colour in the solid state. The material is stable to 
extended laser irradiation (6 ns and 10 Hz) at 1 GW/cm^ 
and has a melting point (m.p.) of 245°C. It holds 
promise for applications involving visible light, espe¬ 
cially in view of the phase-matchability of the SHG 
observed. 

We have presented theoretical results on hyper- 
polarizabilities of a new class of push-pull quinonoid 
systems. The (3 values are very promising for these 
molecules, which also show only weak absorption in 
the visible region. Experimental studies indicate that 
compounds of this group are easily synthesized and are 
chemically and thermally very stable. They are also 
amenable to a variety of chemical modifications. For 
example, introduction of chirality is shown to produce 
noncentric crystal structures and, consequently SHG 
activity. Crystal structures and NLO studies on these 
and other systems will be published later. Experimental 
determination of molecular hyperpolarizabilities are also 
being planned. 
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Testosterone metabolism by rhesus 
monkey spermatozoa: Effects of 
antifertility agents 
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Androstenedione was the major metabolite when 
ejaculated rhesus monkey spermatozoa were in¬ 
cubated with '"^C-testosterone. Ejaculated human sper¬ 
matozoa also showed a similar pattern of conversion 
of testosterone to mainly androstenedione. The per¬ 
centage of androstenedione formed by rhesus monkey 
spermatozoa did not show any statistical difference 
during different months of the year, indicating that 
this parameter may be useful in evaluating the effect 
of contraceptive agents in rhesus monkeys. This was 
tested in in vitro studies using a-chlorohydrin or 
cyproterone acetate. The results of these experiments 
did not show any direct effect of the antifertility 
agents on testosterone-metabolizing capacity of rhesus 
monkey spermatozoa, indicating the possibility that 
these antifertility agents exert their effects on sper¬ 
matozoa by alteration of epididymal function. 

A SUBHUMAN primate model to test the action of an¬ 
tifertility agents, specifically on epididymal spermatozoa, 
is of urgent need. The rhesus monkey has been exten¬ 
sively used in biomedical research, particularly in testing 
the mode of action of new fertility-regulating agents. 


The parameters available today for assessing the action 
of such drugs are mainly subjective^ or time-consuming 
and require sophisticated laboratory equipment^. We have 
been involved in developing alternative biochemical 
parameters to assess sperm function. Our studies have 
shown that caudal or ejaculated spermatozoa of a number 
of species, including primates, metabolize steroids^*It 
was therefore, of interest to determine if testosterone- 
metabolizing capacity of rhesus monkey spermatozoa 
could be used as a useful biochemical index to assess 
sperm function. But, since rhesus monkey is a seasonal 
animal, it was first necessary to assess the changes, if 
any, in the metabolism of testosterone during the different 
months of the year. This paper reports the changes in 
testosterone metabolism of rhesus monkey spermatozoa 
during different months of a two-year period and also the 
effects of known male antifertility agents on this parameter. 

Nonradioactive steroids of chromatographic grade from 
Sigma Chemical Co. (St. Louis, USA) were used. ‘"^C- 
testosterone (specific activity 58 mCi/mmol) was pur¬ 
chased from Amersham International pic (Buckinghamshire, 
UK); its purity was checked in methylene chloride : 
diethyl ether (4:1) on thin layer chromatograms. All 
solvents were distilled before use. RSa-chlorohydrin was 
generously supplied by Dr G. M. H. Waites, World 
Health Organization, Geneva. , 

To compare the ability of ejaculated human (n = 6 ) 
and rhesus monkey (n = 6 ) spermatozoa to metabolize 
^'‘C-testosterone, spermatozoa were collected from men 
of proven fertility by masturbation and from rhesus 
monkey by electro ejaculation^ and processed as described 
earlier"^. Semen analyses were done according to WHO 
manuaf. 

The experiments to assess seasonal effects, if any, on 
the capacity of rhesus monkey ejaculated spermatozoa 
to metabolize "^C-testosterone were done in 1984 and 
1985 using 3 animals per year in order to take into 
account any vagaries in weather during one single year. 
Spermatozoa were collected by electroejaculation^ during 
the first week of each month and processed as described 
earlier"^. Two concentrations of spermatozoa, 50 x lOVml 
and 5 x lOVml, were used per animal. 

Ejaculated monkey spermatozoa (50xl0Vml) were 
suspended in phosphate-buffered saline (PBS) containing 
lOOmM NaCl, 3 mM KCl, 6.5 mM Na^HPO^, 1.3 mM 
KH 2 PO 4 , 0.8 mM CaCl^ and 0.5 mM MgCl 2 and prein¬ 
cubated at 34‘'C for 30 min with 1, 5 or 10 mM RSa- 
chlorohydrin before addition of '"^C-testosterone. Control 
samples were run simultaneously without preincubation 
with a-chlorohydrin. Incubation medium contained either 
(i) no substrate, or (ii) 5 mM D-glucose, or (iii) 10 mM 
lactate + 1 mM pyruvate or (iv) 5 mM glucose +10 mM 
lactate +1 mM pyruvate. The concentrations of these 
substrates were based on earlier studies using ram sper¬ 
matozoa^. 
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Ejaculated monkey spermatozoa (50 x lOVml) were 
preincubated with lOOng/ml cyproterone acetate (CPA) 
in vitro in Eagle’s medium supplemented with 0.1% 
bovine serum albumin, 20 mM D-glucose, 15 mg strep¬ 
tomycin sulphate and 15 mg penicillin per 100 ml for 
60 min prior to addition of ^"^C-testosterone. 

Incubations were performed in airtight vials that were 
silanized using 2% dichloromethylsilane. The mass of 
^"^C-testosterone added to vials was 1.25 ng. ^"^C-testo- 
sterone in benzene was added to vials and benzene 
evaporated under nitrogen prior to the addition of 1 ml 
of sperm suspension in enriched Eagle’s medium"^. All 
incubations were done in a metabolic shaker at 34“C 
for 18 h in an atmosphere of 95 : 5 CO 2 . Control 

vials without spermatozoa and containing 1 ml Eagle’s 
medium were run simultaneously in all experiments and 
the background values obtained were deducted from 
experimental samples. On termination of incubation, the 
vials were rapidly frozen after adding 0.1 ml ethyl acetate 
containing a mixture of the following 7 nonradioactive 
androgens at 20 mg each: androstenedione (5a-andro- 
stane-3,17-dione), androstanedione (4-androstene-3,17- 
dione), dihydrotestosterone (17p-hydroxy, 5a-androstane- 
3-one), testosterone (17p-hydroxy-4-androsten-3-one), 
androsterone (3-a-hydroxy-5a-androstan-17-one), 5a- 
androstane-3a-17p-diol and 5a-androstane-3p-17p-diol. 

The samples were thawed and radioactive metabolites 
were extracted thrice with five volumes of diethyl ether. 
The aqueous phase was frozen and the ether phase decanted 
and evaporated under nitrogen. The radioactive metabolites 
were resuspended in vials in minimal volumes of ethyl 
acetate before application to thin-layer chromatograms. 

Thin-layer chromatography separation of metabolites 
and recrystallization of major metabolites to constant 
specific activity were done as described earlier"^. 

One-way analysis of variance was used and the 
presence of any significant differences was checked by 
Neuman Keul’s multiple range test. 

Ejaculated human spermatozoa (50 x lOVvial) con¬ 
verted testosterone mainly to androstenedione (37.9 ± 
5.2%) and to a lesser extent (6.8 ±1.8%) to dihydro¬ 
testosterone (DHT). The other metabolites formed were 
androstanediols (0.8 ±0.2%) and androstanedione 
(0.3 ±0.2%). The percentage of unutilized testosterone 
was 48.4 ±3.8%. Rhesus monkey spermatozoa 
(SOxlOVvial) incubated with ^"^C-testosterone gave a 
similar pattern of conversion and the percentages of 
metabolites formed were as follows: androstenedione 
32.3 ±6.5, DHT 1.3 ±0.9, androstanedione 1.5 ±0.9 and 
androstanediols 1.3 ±0.5. The percentage of unmetabol¬ 
ized testosterone was 58.2 ±5.6%. 

The data obtained for the two consecutive years were 
pooled and statistically evaluated. The percentage of 
androstenedione formed was higher with 50 x 10^ sperms 
per incubation vial than with sperm counts of 5 x lOVvial. 


The percentages of androstenedione formed during the 
different months with 50 x 10^ sperms/vial (January 
26.4±6.3, February 41.7 ±8.0, March 24.3 ±4.1, April 
36.0 ±8.0, May 36.5 ±4.7, June 48.4 ±9.7, July 51.6 ± 
11.3, August 46.9 ±7.0, September 41.7 ± 12.2, October 

47.9 ± 10.4, November 44.9 ± 9.5 and December 34.7 ± 
6.3) were not significantly different. The percentages of 
DHT (range 1.2 ± 0.4-3.8 ± 1.4), androstanedione (range 
1.0±0.1-3.0 ±0.9) and androstanediols (range 0.7 ±0.1- 
2.7 ±1.2) were very low. With 5 x 10^ sperms/vial, a 
decrease in the percentage of androstenedione formed 
during different months was seen (Table 1). The decreases 
seen in January, March and December were statistically 
insignificant. The percentage of live spermatozoa did 
not show any seasonal change (92-96%). These results 
indicate the absence of seasonality in the conversion of 
testosterone to androstenedione at both concentrations 
of spermatozoa used in the study. 

The percentage of androstenedione formed by the 
spermatozoa preincubated with a-chlorohydrin was not 
significantly different (Table 2) from control samples 
incubated in the presence of 5 mM D-glucose (26.8 ± 
4.5%), lOmM lactate + 1 mM pyruvate (18.6 ±6.8%) or 
10 mM lactate 4-lmM pyruvate 4-5 mM glucose (20.4 ± 
3.1%). The percentage of other metabolites was very 
low (<2%). 

Preincubation of monkey spermatozoa with the potent 
antiandrogen CPA did not alter significantly their 
testosterone-metabolizing capacity. The percentages of 
androstenedione (14.1 ±4.9) and minor metabolites (DHT 

2.9 ±1.3, androstanediols 1.7 ± 0.3, androstanedione 
0.3 ±0.1) formed were similar to those seen in incuba¬ 
tions without CPA (androstenedione 17.9 ±5.5, DHT 
1.4 ± 0.1, androstanediols 2.3 ± 1.3, androstanedione 
0.4 ± 0.2). 

Earlier observations showed the presence of 17(3- 
hydroxysteroid dehydrogenase activity catalysing the con¬ 
version of testosterone to androstenedione by 
spermatozoa of different mammalian species^’The 
present study established that (a) the patterns of con¬ 
version of testosterone by rhesus and human spermatozoa 
are similar and (b) seasonal changes did not alter 
significantly the testosterone-metabolizing capacity of 
rhesus monkey sperm. The well-known male antifertility 
agent CPA did not show inhibition of conversion of 
testosterone to DHT by epididymis when given simul¬ 
taneously with ^H-testosterone or a little earlier’‘\ but 
when animals were exposed to chronic release of CPA 
from silastic capsule, testosterone-metabolizing (to DHT) 
capacity was inhibited^^ It is likely that spermatozoa 
also may exhibit similar inhibition of testosterone- 
metabolizing capacity after chronic exposure to the 
antifertility agent and the alteration in the results obtained 
would indicate fertility mediated through epididymis. 

a-Chlorohydrin, eyen at low doses, induces reversible 


1122 


CURRENT SCIENCE, VOL. 68, NO. 11, 10 JUNE 1995 



RESEARCH COMMUNICATIONS 


Table 1. Percentages of metabolites of ^‘‘C-testosterone by rhesus monkey spermatozoa (X±SE) 


Month 

Androstanediols 

Testosterone 

DHT 

Androstenedione 

Androstanedione 

Jan. 

1.96 ±2.4 

70.22 ±7.55 

2.11+0.70 

9.32 ±2.4 

1.28 ±0.30 

Feb. 

1.59 ±0.43 

62.26 ±5.62 

1.46 + 0.53 

22.24 ±4.37 

1.41 ±0.35 

March 

5.38 ±2.21 

59.11+10.15 

1.36 + 0.29 

9.73 ±3.25 

1.54 ±0.40 

April 

1.31 ±0.42 

71.29±5.31 

1.49 ±0.32 

17.05 ±4.12 

1.43 ±0.45 

May 

2.0 ± 0.72 

65.21 ±4.93 

1.38 ±0.36 

21.56±5.2 

1.29 ±0.37 

June 

0.62 ± 0.07 

66.34 ±7.5 

1.14 + 0.50 

22.73 ±7.37 

0.87 ±0.16 

July 

0.69 ±0.14 

62.09 ±6.54 

0.80 ±0.13 

27.29 ±6.03 

0.69 ±0.1 

Aug. 

1.40 ±0.83 

68.79 ±6.36 

1.5 ±0.39 

17.18±4.95 

1.01 ±0.23 

Sept. 

1.27 ±0.50 

66.98 ±9.83 

1.08 ±0.50 

16.68 ±5.64 

0.68 ±0.31 

Oct. 

0.56 ±0.16 

65.34 ±7.89 

2.86 ±1.92 

15.75 ±4.68 

0.71 ±0.25 

Nov. 

0.69 ±0.13 

68.63 ±5.88 

0.9 ±0.21 

21.86 ±5.44 

0.74 + 0.31 

Dec. 

1.20 ±0.29 

75.45 ±3.03 

0.76 + 0.10 

9.58 ±1.05 

0.87 ±0.23 


Note. 5 X 10^ sperms/vial were used for incubation. 


Table 2. Effect of a-chlorohydrin on androstenedione formation 
by monkey spermatozoa 



Concentration of a-chlorohydrin 

Substrate 

1 mM 

5 mM 

10 mM 

None 

22.5 ±3.6 

23.3 ± 2.4 

24.5 ±4.3 

5 mM glucose 

12.2 ±2.5 

15.9 ± 1.9 

12.9 ±3.9 

lOmM lactate + 

1 mM pyruvate 

16.6 ±3.0 

14.8 ±3.2 

18.6 ±3.3 

10 mM lactate + 

1 mM pyruvate + 

5 mM glucose 

15.3 ±3.8 

19.5±2.1 

14.1 ±4.8 


infertility in many species, including rhesus monkey*^"^"^. 
It also inhibits glycolysis of spermatozoa in treated 
animals by inhibiting glyceraldehyde a-3-phosphate 
dehydrogenase^^’ Spermatozoa exposed to a- 
chlorohydrin are motile for one hour in the absence of 
a substrate or in the presence of lactate/pyruvate but become 
rapidly immotile in the presence of glucose either alone or 
in combination with pymvate and lactate^. The antiglycolytic 
action of a-chlorohydrin is due to the action of 
(s)-3-chlorolactaldehyde^^. The present data using concentra¬ 
tions of substrates, as used in studies related to assessing 
the mode of action of a-chlorohydrin, did not show any 
direct effect of the drug on testosterone- metabolizing capacity 
of spermatozoa. CPA, which is progestational as well as 
an antiandrogen, inhibits various androgen-dependent or 
androgen-induced biological actions*^’Antiandrogenic 
action of CPA is due to competitive antagonism or its effect 
on testosterone biosynthesis in the testes^^. It also has an 
inhibitory effect on the gonadotrophin release by the 
pituitaiy^^ In the present investigation, preincubation of 
sperm in vitro with CPA did not alter the pattern of 
testosterone metabolism, indicating the possibility that these 
antifertility agents exert their effect on spermatozoa by 
altering epididymal function. Further studies are ongoing to 
study the pattern of testosterone metabolism in monkeys 
exposed in vivo to these antifertility agents. 
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Transcriptional expression of LDL 
receptor gene in aortic 
atherosclerotic lesions induced by 
cholesterol-rich diet 

Anu Gupta, Uma Mehta, R. S. Kukreja and D. KauF 

Department of Experimental Medicine and Biotechnology, Postgraduate 
Institute of Medical Education and Research, Chandigarh 160 012, India 

The present study, aimed at understanding the 
transcriptional regulation of the LDL receptor (LDL-R) 
gene in rabbits fed with high-cholesterol diet 
(atherogenic diet) for different time intervals, revealed 
that time-dependent increase in serum lipid profile 
was paralleled by decrease in the transcriptional 
expression of apoprotein-‘B’-specific LDL receptor 
(receptor ‘B’) gene at the atherosclerotic lesion sites 
as compared to normal sites. Based on these and 
other earlier observations, we propose that 
cholesterol-dependent transmembrane signalling path¬ 
way may be responsible for the initiation of 
atherogenesis at the cellular level. 

There exists a general recognition of the fact that the 
major cell involved in atherogenesis is the arterial smooth 
muscle cell^ because of its inherent ability to store 
lipids, proliferate and synthesize connective tissue ele¬ 
ments and undergo necrosis. These cells cultured from 
atherosclerotic lesions were characterized by high lipid 
levels and enhanced proliferative activity, and retain the 
major manifestation of atherosclerosis at the cellular 
level^. Further, it is well known that under hyperlipidemic 
conditions, uptake of cholesterol by these cells through 
apoprotein-B-specific LDL receptor (receptor ‘B’) path¬ 
way comprises about 20% of the total cholesterol and 
the rest is taken up through the LDL-R-independent 
pathway. A recent study^ aimed at understanding the 
interaction of cholesterol with arterial smooth muscle 
cells in vitro revealed that cholesterol uptake through 
LDL-R-independent pathway had the ability to stimulate 
all the features of atherogenesis at the cellular level. 
Consequently, the present study is aimed at understanding 
the in vivo conditions, whether or not transcriptional 
expression of the LDL-R gene is affected in the 
atherosclerotic lesions induced by cholesterol. 

A group of 18 male rabbits (close-bred New Zealand 
strain) were acclimatized to the laboratory conditions 
for a period of one month on stock diet (Hindustan 
Lever Limited) consisting of 20% crude protein, 3.5% 
ether extract, 12% crude fibre, 8% ash, 1.2% calcium, 
0.6% phosphorus, 47% nitrogen-free extract, stabilized 
vitamins, all minerals and trace elements. After one 
month, these animals were divided into three different 


*For correspondence. 


groups on the basis of basal serum lipid profile and 
body weight (3-4 kg). Group I (n = 6) was fed stock 
pellet diet. Group II (n = 6) was fed atherogenic diet 
for a period of 2.5 months and group III (n = 6) was 
fed the same diet for a period of 5 months. The 
atherogenic diet consisted of 70 gm stock pellet 
diet + 5 gm butter +100 mg cholesterol^. Serum lipid 
(cholesterol and triglycerides) profile of animals belong¬ 
ing to each group was recorded at day zero as well as 
before they were sacrificed using standard procedures'^. 
The thoracic-abdominal cavity was opened and the aorta 
of each animal was removed, split open longitudinally 
and stained for Sudan IV to know the sites of 
Sudanophilic atherosclerotic lesions. The tissues from 
the atherosclerotic sites as well as adjacent normal sites 
were taken for cryostatic sectioning. Transcriptional ex¬ 
pression of the LDL-R gene was studied in normal 
aortic intima/media, atherosclerotic lesions as well as 
in normal intima/media adjacent to these lesions by 
employing in situ hybridization technology^. Cryostatic 
sections (iO |im) were cut and mounted on gelatin-coated 
slides and fixed for 1 h in 4% p-formaldehyde-buffered 
saline, washed twice with PBS and incubated with 
proteinase K for 15 min. Sections were delipidated by 
passing through graded series of ethanol. Hybridization 
was carried out at_ 37'’C overnight in a humidified 
chamber in hybridization buffer (2 x SSC, 10 x 
Denhardfs solution, 0.1% SDS, 30% formamide and 
0.1% Salmon sperm DNA) containing digoxigenin- 
labelled DNA probe specific for receptor B. After 
hybridization, the slides were washed with 2 x SSC 
buffer at room temperature. Digoxigenin-specific anti¬ 
body conjugated to alkaline phosphatase (Bohringer 
Mannheim, Germany) was used for the detection of 
hybridized probe, with NBT and BCIP as substrate and 
2 mM levamisol as inhibitor of intrinsic alkaline phos¬ 
phatase activity. To check for the non-specific hybridiza¬ 
tion, the sections were hybridized with multiple probes 
(c-fos and c-myc). Since that data has been communicated 
somewhere else we are unable to include the data in 
this paper. 

Feeding of cholesterol-rich atherogenic diet to animals 
(groups II and III) resulted in significant elevation of 
serum lipid (cholesterol as well as triglycerides) profile 
as compared to control group I (Table 1). The aortic 
atherosclerotic lesions were of either fatty streak or 
fibro-fatty type. The decrease in receptor ‘B’ transcrip¬ 
tional expression at the lesion sites was accompanied 
by increase in the levels of serum lipid profile (Figure 
1). These results are in conformity with our earlier 
results obtained from arterial smooth muscle cells in 
vitro exposed to cholesterol^ as well as with those 
reported by other investigators^’^. Further, we have 
recently shown that cholesterol molecule has an inherent 
capacity to initiate a novel transmembrane signalling 
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Figure 1. Transcriptional expression of LDL-R gene in normal atherosclerotic aortic sections a, representative pictures from group I animals 
or normal aortic portions adjacent to lesion site; b, c, representative picture showing LDL-R expression at lesion sites of group II animals; d, 
e, depicting LDL-R expression at lesion sites in group III animals. a,b,d, x550; c,e, x 1375. Positive staining is shown by arrows. 


Table 1. Serum lipid profile of animals belonging to groups 
I, II and III 


Group type 

Cholesterol 

Triglyceride 


(mg/100 ml) 

(mg/100 ml) 

Group I (control) 

49.60 ±6.24 

8.20 ±4.32 

Group II 

590.70 ±14.60* 

293.22 +12.56* 

Group III 

1209.80 ±25.40* 

696.16 ± 26.86* 


Values represent mean±SEM. 

^Denotes p < 0.001 as compared to control group (basal values). 


pathway through its specific receptor and also the 
cholesterol-dependent transmembrane signalling pathway 
is responsible for the regulation of LDL-R gene transcrip¬ 
tion^ ^ Further, we have shown earlier that cholesterol- 
dependent down-regulation of LDL-R expression in 
arterial smooth muscle cells was reversed in the presence 
of calcium antagonist trifluoperazine^. The recent finding 
that second messengers, especially cAMP and calcium. 


play an important role in the transcriptional regulation 
of the LDL-R gene in various cell lines is in conformity 
with this proposition. Based on these studies, we propose 
that cholesterol-dependent transmembrane signalling 
pathway may play a crucial role not only in the LDL 
gene transcription but also in the initiation of 
atherosclerotic process. 
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A polyurethane-polyvinylpyrrolidone 
interpenetrating polymer network for 
mammalian cell encapsulation 

Prabha D. Nair 

Biomedical Technology Wing, Sree Chitra Tirunal Institute for Medical 
Science and Technology, Thiruvananthapuram 695 012, India 

A biocompatible and noncytotoxic interpenetrating 
polymer network (IPN) membrane was developed for 
medical applications. The biostable membranes deve¬ 
loped could also support the growth and adhesion 
of mice L929 tibroblast cells. This membrane could, 
therefore, serve as a candidate material for mam¬ 
malian cell encapsulation. 

The presently available therapy of type 1 diabetes mellitus 
mainly involves therapy with insulin injections. However, 
this form of therapy cannot prevent the nonphysiological 
fluctuations in blood glucose levels and secondary com¬ 
plications may develop over the years leading to blind¬ 
ness, kidney disease, etc. Success of an alternate therapy 
such as transplantation of normal insulin-producing cells 
or islets of Langerhans is limited by immunorejection^ 
Immunorejection may be overcome either by transplant¬ 
ing the islets under heavy doses of toxic immunosup¬ 
pressive drugs or by immunoisolation^. The success of 
the more desirable immunoisolation therapy would 
depend on the availability of extremely biocompatible, 
semipermeable membranes which would prevent the cells 
of the immunological system from migrating to the 
encapsulated islet cells and at the same time allow the 
diffusion of glucose and insulin through the membranes. 

Microcapsules of alginate and polylysine have been 
utilized for encapsulating islets^. Limited stability, 
biocompatibility and permselectivity"^ have prevented 
their extensive use in humans. Hollow fibres of acrylates, 
cellulose acetate, etc., have been used with limited 
success^ to encapsulate the islets. The main drawbacks 
limiting their use appear to be fragility and biocompati¬ 
bility. The most significant development in this area 
was made by Calafiore et who encapsulated islet 
cells in alginate-polylysine membranes and further 
entrapped the encapsulated cells within the walls of a 
PTFE vascular prosthesis. Permeability control, biocom¬ 
patibility and optimum mechanical properties can be 
better achieved by implanting the cells in polyurethane 
membranes. 
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Polyurethanes are extensively used in biomedical 
applications but suffer from degradative processes in 
long-term applications. Techniques of interpenetrating 
polymer network synthesis have been utilized to achieve 
better resistant polyurethanes in long-term applications. 
We have carried out the interpenetration of polyurethane 
networks with both hydrophilic networks such as 
polyacrylamide^, polyvinylpyrrolidone^ polyhydroxy- 
ethylmethacrylate^ and hydrophobic network such as 
polymethylmethacrylate^^ to obtain better resistant poly¬ 
urethanes. Extensive in vitro^^ and in vivo^^ studies 
carried out for these IPNs demonstrated the biocompatible 
and biostable nature for many of the compositions. This 
study highlights the application of a polyurethane- 
polyvinylpyrrolidone membrane for cell encapsulation. 

Synthesis and characterization of the polyurethane 
(PU) and the polyurethane-polyvinylpyrrolidone inter¬ 
penetrating polymer network (PU-PVP IPN) have been 
reported elsewhere’* ^ Characterization studies of the 
IPNs involving studies on chemical resistance, mecha¬ 
nical behaviour, spectroscopy, dynamic mechanical 
behaviour, surface hydrophilicity and morphology char¬ 
acteristics by scanning electron microscopy were all 
carried out using standard procedures. Biostability of 
the PU and IPN membranes was assessed by monitoring 
the changes in the mechanical properties of the 
membranes subsequent to implantation in rats. 
Cytotoxicity of the synthesized membranes was evaluated 
using an indirect contact test based on a tetrazolium 
dye (MTT) assay 

The membranes were assessed for their cell growth 
support characteristics by fixing them on tissue culture 
Petri dishes using a medical-grade silastic adhesive (Dow 
corning). The growth of L929 fibroblast cells in contact 
with the membranes was assessed by comparing the 
cell shape, appearance and spread relative to that of 
control grown in similar Petri dishes, by visual obser¬ 
vance through a microscope. 

The biocompatibility aspects of the membranes were 
also assessed by implanting them intramuscularly in 
black-hooded Liverpool strain Lister rats for periods of 
one month and three months. After explanation, the 
tissues around the implants were stained by an 
immunostaining method that used monoclonal anti¬ 
bodies for specifically staining the ED2 macrophages. 
Specific stains were also employed to stain B cells, 
T cells and neutrophils. The cell number and distribution 
were quantified using a computer-aided image analysis 
system. 

Characterization results are summarized in (Table 1). 
Mechanical properties of the IPN are consistent with 
the behaviour of a typical viscoelastic material. Shift 
of the loss (tan 5) peak or glass transition temperature 
of the IPN to a higher temperature than that obtained 
for the homopolymer polyurethane is indicativq^ of 
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Table 1. Physicochemical characterization 




Mechanical properties 


DMA studies 

Contact angle 

Sample 

Tensile strength Elongation (%) 

(MPa) at break 

Modulus at 
100% elongation 

tan 

0 

air 

0 

octane 

PU 

14.12 

746 

5.69 

-22 

53.6 

115.0 

PU-PVP IPN 

6.51 

448 

3.92 

10 

40.0 

135.0 


Table 2. 

Changes in mechanical properties on 
implantation 


Decrease in tensile 

Increase of 


strength (%) 

elongation (%) 

PU 

20 

0 

PU-PVP IPN 

1 

. 22 

enhanced mixing 

or compatibility 

of the IPN. 


decrease of air-water contact angle for the PU-PVP 
IPN over that of the polyurethane is an index of the 
higher surface hydrophilicity obtained on IPN formation. 
In general, a hydrophilic surface promotes better com¬ 
patibility to the vascular tissues 

The chemical resistance studies have shown that the 
PU-PVP IPN with even 90 parts polyurethane and 10 
parts polyvinylpyrrolidone could withstand degradation 
in a solvent such as dioxan, which is a very good 
solvent for the polyurethane network, emphasizing the 
enhanced chemical resistance obtained on IPN formation. 

The decrease in tensile stress with practically no 
change in elongation for the polyurethane homopolymer 
upon implantation in rats (Table 2) is suggestive of a 
degradative mechanism in which the polyurethane under¬ 
goes chain scissions in a hostile physiological environ¬ 
ment. However, on IPN formation, the decrease in tensile 
stress is considerably reduced, indicating the better bio¬ 
stability achieved on IPN formation.. The accompanying 
increased elongation has been attributed to a plasticizing 
action of water and biological molecules in the physio¬ 
logical environment. 

An important aspect of prescreening new polymers 
of biomedical potential is to establish their general 
cytotoxicity to cell culture in vitro. In the indirect 
contact test^^, tetrazolium salts (MTT) are reduced to 
equivalent foimazan precipitates by live and meta- 
bolically active cells. 

The activity of the L929 fibroblast cells when incubated 
with the extracts of the polyurethane and IPN for a 
period of 24 h was compared with the activity of a 
homogeneous L929 control ccfl population. The percen¬ 
tage activity obtained for cells incubated with IPN 
extracts was 74%, which is suggestive of a noncytotoxic 
behaviour*^. The percentage activity of the cells incubated 
with the polyurethane extract was only 17%, indicating 
cytotoxicity and confirming the biodegradative nature 
of this material. 
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Figure 1. L929 fibroblast cells in culture: a, control cells; b, cells 
in contact with the PU membrane; c, cells in contact with the PU-PVP 
IPN membrane (x40). 
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Microphotographs of the L929 fibroblast cells grown 
in contact with the polyurethane (PU) and the PU-PVP 
IPN as well as control cells are depicted in Figure 1 
a-c. The control cells (Figure 1 a) are spindle-shaped, 
uniformly and thickly spread out, and have a glistening 
appearance characteristic of a normal and healthy con¬ 
dition. The cells in contact with the degrading PU 
membrane (Figure 1 b) have lost their spindle shape 
and become round, indicating cell lysis. Some of the 
cells were observed floating in the medium. The PU 
membrane used in this case is definitely not supportive 
of cell growth or adhesion. Figure 1 c depicts the L929 
cells in contact with the IPN membranes. The profuse 
cell growth that is uniformly spread as in the control 
cell population is clearly seen. The spindle shape and 
the glistening appearance of the cells are also evident. 
These studies therefore indicate that by IPN formation, 
the degrading PU membranes could be made more 
bioresistant and highly supportive of cell growth and 
adhesion. This IPN membrane may, therefore, be 
eminently suitable for encapsulation of living cells in 
the fabrication of artificial internal hybrid organs such 
as artificial pancreas and liver. 

Clinical indication of any deficiency in biocompati¬ 
bility as far as the performance of a material is concerned 
is best brought out by studies of local tissue response. 
Histological studies^^ of the local tissue response on 
implanting the PU and PU-PVP IPN membranes had 
indicated better compatibility for the IPN. This response 
was further confirmed by quantifying the response using 
specific immunostaining techniques and computer-aided 
image analysis^"^. 

The image analysis studies, utilizing monoclonal anti¬ 
bodies for specific staining, could recognize the absence 
of T cells, B cells and neutrophils and the predominance 
of ED2 macrophages. Macrophages are known to play 
several roles in the inflammatory response. One of the 
roles of the macrophage is to phagocytose cellular and 
molecular debris and also to detoxify and/or sequester 
toxic materials. 

The polyurethane membrane induced an initial inflam¬ 
matory response evidenced by a maximum number of 
ED2 macrophages, i.e. 366, in one month. With the 
stabilization of the response at three months, the macro¬ 
phage number dropped down to 161. The distribution 
of these macrophages even at the end of 3 months was 
uniformly spread out and higher at the implant interface 
(Figure Id). 

In contrast, the ED2 macrophages were 210 in number 
at one month at the IPN interface and this had dropped 
to a mere 21 isolated cells in the vicinity of the implant 
(Figure 2 b), at the end of 3 months. The IPN membrane 
can, therefore, be considered as a very biocompatible 
material. 

In conclusion, interpenetrating polymer networks of 


polyurethane have been synthesized with desired physico¬ 
chemical properties. The materials are, therefore, ideal 
candidate materials for encapsulating pancreatic cells or 
hepatocytes for the fabrication of artificial internal hybrid 
organs. Ongoing work in progress is concerned with 
establishing the permeability characteristics of these 
membranes to metabolites and other components of extra 
cellular matrix for effective functioning of the hybrid 
organ. 
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Fractal relation of perimeter to the 
water body area 

B. S. Daya Sagar and B. S. Prakasa Rao 

Centre for Remote Sensing, Department of Geo-Engineering, Andhra 
University, Visakhapatnam 530 003, India 

The relation between the fractal dimension of the 
perimeter and the area of a water body is given. 
The fractal dimension of the water bodies arrived 
through perimeter-area relationship is tallied with 
their actual fractal dimensions. The fractal dimension 
of the water bodies under study is very close to that 
of the Brownian mountain lakes. 

The relation of water body area A to the perimeter P 
of the water body is one of the important hydrologic 
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Figure 1. Logarithm of water body area vs logarithm of perimeter. 


Table 1. Fractal dimensions of four surface 
water bodies 


Fractal 
dimension D 

a = 2/D 

Error* 

1.51 

1.32 

0.03 

1.49 

1.34 

0.05 

1.49 

1.34 

0.05 

1.46 

1.37 

0.08 


*The fractal dimension of the perimeters of water 
bodies as predicted through perimeter-area 
relationship is 1.538 (D = 2/1.3). 


characteristics. According to Euclidean law, the area- 
perimeter relation should be 

A-P\ ( 1 ) 

If the water body having the fractal dimension of 
exactly 1, which indicates that the water body has a 
smooth outline circular in shape, then the relationship 
shown in equation (1) is satisfied. But in nature, no 
water body has a smooth outline. Hence, they are also 
self-similar fractals. 

Mandelbrot^ demonstrated the applicability of the 
power function relating perimeter to area of nondifferen- 
tiable functions or bounded curves of infinite length. 
In another study^ he proposed the concept of statistical 
self-similarity for the boundary between the sea and the 
land. The water body outline too is, in a sense, a 


boundary between land and water body. Hence, this study. 

As demonstrated by Mandelbrot\ the power value is 
not 2 for nonstandard shapes (fractal shapes), so the 
relation between P and A is taken in the form 

A-P^ ( 2 ) 

where a = HD is an exponent that fits to the data. 
Empirical studies^’predict a value to be less than 2. 

To show the fractal relation of perimeter to area of 
a water body, a large number of water bodies situated 
between the geographical coordinates of 18*’00-18°30'N 
latitudes and 83‘’15-83“45'E longitudes were traced 
from Landsat (TM) data (30 mts resolution) acquired in 
November 1986, post-monsoon, when the water bodies 
generally attain equilibrium stage (areal extent may be 
the highest compared to the other periods). The traced 
water bodies were digitized through a digital Pulnix 
camera. This was done to keep the data noise-free. The 
digital data were binarized by giving specific grey value 
as threshold to separate water bodies from no-water 
body regions. Then the area A was determined simply 
by counting the number of pixels and the perimeter P 
by measuring the length of the water body boundary. 
The sizes of water bodies range from 0.05 km^ to 0.8 
km^. Figure 1 shows a double logarithmic plot of area 
versus perimeter for 200 water bodies. The data are 
well fitted by the power law A ~ P implying that the 
perimeter of water bodies are self-similar. The fractal 
dimension D of the perimeters of the water bodies 
equals 2/1.3 = 1.53, which is close to that of the fractal 
dimensions computed for four selected water bodies 
(Table 1) from 200 water bodies. This value is .also 
close to that of the Brownian mountain lakes, D*- 1.5 
(ref 1,5). 

It is concluded that for the water bodies under study, 

during post-monsoon season the perimeter has to be 

raised to the power 2/D = 1.3 to predict the water 

body’s area from its perimeter. The fractal dimension 

of water bodies under study is very close to that of 
the fractal dimension of the Brownian mountain lakes. 
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Effect of glutaraldehyde on sulphide 
production and sulphate reduction 
by sulphate-reducing bacteria 

T. M. Vatsala* and R. A. Mah 

Department of Environmental Health Sciences, School of Public Health, 
UCLA, California 90024, USA 

^Present address: Shri AMM Murugappa Chettiar Research Centre, 
Taramani, Madras 600 113, India 

Glutaraldehyde at low concentrations (0.5-1.0 mM) 
inhibited the production of sulphide from sulphate 
without affecting the growth of sulphate-reducing 
bacteria. With higher concentrations (25-50 mM), 
growth was also inhibited. 

Sulphate-reducing bacteria have been implicated in 
numerous instances of damaged One of the most 
important of these situations is the corrosion of buried 
pipelines. Sulphate is a common component in industrial 
and municipal waste waters. Under anaerobic conditions, 
sulphate is reduced to sulphide by sulphate-reducing 
bacteria (SRB). Several approaches for alleviating the 
problems associated with sulphate reduction have been 
proposed. The known compounds which interfere with 
sulphate reduction to H^S are all analogues of SO^, including 
monofluorophosphate and group VI oxyanions^’^’"^. Other 
than SO 4 analogues, transition metals^ antibiotics^, bac- 
teriocides^’^ etc., have been shown to inhibit selectively 
SO 4 reduction. Our preliminary studies indicated that 
formaldehyde and glutaraldehyde affected sulphide 
production'^ In this study we report the inhibitory effect 


of glutaraldehyde on growth and production of sulphide 
by SRB. 

Sewage and biofilm samples from two corroded sites 
upstream and downstream were collected in bottles out- 
gassed with N^. For enumeration isolation and inhibition 
studies of SRB, the medium described by Sleat et al. 
was used^‘\ with Na lactate as the carbon source. All 
medium preparations were done under strict anaerobic 
conditions using the method of Hungate^^ as modified 
by Bryant^^. Axenic cultures were isolated by agar shake 
method^^ 

Inhibitors studies were carried out in 20 ml culture 
tubes under anaerobic conditions, with head space flushed 
with : CO 2 (70:30). Tubes were sealed with butyl 
rubber stoppers and crimped in place with aluminium 
rings. Sulphate was determined by turbidimetric method 
after precipitation with BaC^, measuring at 420 nm*"^. 
Sulphide was measured by the methylene blue method‘s 
Glutaraldehyde at concentrations of 0.25, 0.50, 0.75 and 
1.0 mM was used for fresh samples and axenic cultures. 
For enrichment cultures (isolated by picking up a black 
colony from agar roll tubes and transferring it to a 
similar medium), glutaraldehyde at concentrations of 
12.5, 25.0, 37.5 and 50 mM was added. Growth was 
determined using biomass developed by the method 
described by Koch^^ using which a correlation was 
established between a particular value of biomass (mg 
dry/l) and the corresponding absorbance value. All absor¬ 
bance studies were made using a Perkin-Elmer spectro¬ 
photometer junior model 35. 

When fresh samples were used, there was no 



TIME (h) 


Figure 1. Reduction in sulphide levels by glutaraldehyde added to fresh downstream sewage samples with the substrate. Sulphide levels with 
(■) 0 : (+) 0.5 (0) 0.75 ; (A) 1.0 mM of glutaraldehyde added. Sulphate at 0 time (x) and 6h (V) after the addition of 1 mM glutaraldehyde. 
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Figure 2. Reduction in sulphide levels by glutaraldehyde added to fresh upstream sewage sample with the substrate. Sulphide levels with 
(■) 0: (+) 0.5 (0) 0.75 : (A) 1.0 mM of glutaraldehyde added. Sulphate at 0 time (x) and 6h (V) after the addition of 1 mM glutaraldehyde. 


measurable amount of sulphide produced in 6 h even 
in controls, and hence further studies were carried out 
with a concentrated medium which did not alter the 
composition and proportion of the organisms present. 

The results are given in Figures 1 and 2. Concentrations 
of 0.5-1.0mM of glutaraldehyde reduced sulphide 
production by 70% compared to controls in 4h. Inhibitor 
studies with enrichment and axenic cultures were carried 
out 24 h after the cultures were inoculated and incubated. 
Glutaraldehyde inhibited sulphide production after 3 h 
by 66% at ail concentrations tested (12.5-50 mM). 
Table 1 gives the effect of glutaraldehyde on enrichment 
culture from downstream sewage. At the end of 24 h, 
the quantity of detectable sulphide was reduced by 90% 
compared to control and after 48 h none was detected. 
At the same time, growth was inhibited by about 70% 
while only 14% of the sulphate was reduced. Similar 
results were obtained with enrichment studies with the 
other samples. 

Axenic cultures isolated from the sewage and biofilm 
samples were inoculated into the medium containing 
lactate as the carbon and energy source and incubated 
for 24 h prior to the addition of glutaraldehyde. Measure¬ 
ments were made for growth, sulphide and sulphate just 
after the addition of aldehyde and after 3 and 6 h of 
incubation following the introduction of aldehyde. After 
the addition of aldehyde, growth continued as sulphide 
decreased, while there was no change in sulphate levels. 
The results shown in (Table 2) on axenic cultures 
isolated from upstream sewage and biofilm samples 


indicate that any sulphide already present in the system 
was bound to glutaraldehyde added. No significant quan¬ 
tity of sulphide appeared to be formed at the expense 
of sulphate reduction since essentially no sulphate dis¬ 
appeared from the medium. At the same time, the growth 
continued. The growth was higher than or similar to 
that of the controls. Similar results were obtained for 
axenic cultures obtained from downstream samples. 

To examine the effect of a strictly chemical non- 
biological reaction of aldehyde on binding sulphide in 
our experiments, we tested the removal of sulphide from 
sterilized, pregrown culture fluid. The axenic cultures 
grown on medium were sterilized by autoclaving and 
used as a basal medium for addition of glutaraldehyde 
at the same concentrations as those used for inhibitor 
studies. The samples were incubated for 6 h at 37°C 
and sulphide was estimated at 6 h. The results (not 
shown) support the conclusion that glutaraldehyde does 
indeed bind sulphides. 

The mechanism of the binding between glutaraldehyde 
and sulphide is not known. Aldehydes are known to 
bind to sulphides stoichiometrically'^"^^ and to sulphites^^\ 
Our results with axenic cultures show that there is a 
binding between the two, and two moles of sulphide 
combine with one mole of glutaraldehyde stoichiometri- 
cally. Growth was not affected and when incubation 
was prolonged for 24 h with glutaraldehyde (0.25— 
1.0 mM), sulphate reduction was resumed, indicating 
that probably enzyme activity was not affected by 
glutaraldehyde. Thus, our report indicates that glutaral- 
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Table 1. Biomass, sulphate and sulphide levels in enrichment cul¬ 
ture from downstream sewage sample. Glutaraldehyde was added 
after 24 h of growth in regular medium 



Oh 



3h 



24 h 



CM* 

SO, 

(mM) 

S= 

(mM) 

CM 

SO, 

S= 

CM 

SO, 

S= 

Control 35 

8.5 

2.5 

45 

7.0 

3.0 

144 

1.5 

7.5 

Glutaraldehyde (mM) 








12.5 35 

8.5 

2.5 

49 

8.5 

1.6 

56 

8.5 

0.4 

25.0 35 

8.5 

2.5 

49 

8.5 

1.5 

56 

8.5 

0.2 

37.5 35 

8.5 

2.5 

49 

8.5 

1.4 

49 

8.5 

0.16 

50.0 35 

8.5 

2.5 

49 

8.5 

1.16 

49 

8.5 

0.03 


*Cell mass mg dry/l. 


Table 2. Biomas, sulphate and sulphide levels in axenic cultures 
isolated from upstream sewage and biofilm samples. Glutaraldehyde 
was added after 24 h of growth in medium 


Time -► Oh 3h 6 h 


SO, S= 



CM* 

' (mM) (mM) 

CM 

SO 4 

S= 

CM 

SO, 

S= 

Sewage 

Control 

70 

5.8 

4.2 

77 

4.4 

5.6 

98 

4.2 

5.8 

Glutaraldehyde 
0.25 70 

(mM) 

5.8 

4.2 

87 

5.8 

3.4 

120 

5.8 

2.9 

0.50 

70 

5.8 

4.2 

87 

5.8 

3.7 

120 

5.8 

2.6 

0.75 

70 

5.8 

4.2 

87 

5.8 

3.7 

132 

5.8 

2.6 

1.00 

70 

5.8 

4.2 

87 

5.8 

3.7 

132 

5.8 

2.6 

Biofilm 

Control 

70 

5.8 

4.2 

80 

4.8 

5.2 

100 

3.2 

6.8 

Glutaraldehyde 
0.25 70 

(mM) 

5.8 

4.2 

90 

5.8 

3.6 

123 

5.8 

2.6 

0.50 

70 

5.8 

4.2 

90 

5.8 

3.6 

123 

5.8 

2.6 

0.75 

70 

5.8 

4.2 

90 

5.8 

3.6 

130 

5.8 

2.6 

1.00 

70 

5.8 

4.2 

90 

5.8 

3.6 

130 

5.8 

2.2 


*Cell mass mg dry/I. 


dehyde may be used as an effective inhibitor of sulphide 
production without affecting the growth, Glutaraldehyde 
at 2% concentration (0.2 M) is used as a bacteriocide; 
however, at lower concentrations it does not affect the 
growth of SRB. 
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Radiocarbon dates of sediment cores 
from inner continental shelf off Tainga- 
patnam, southwest coast of India 

A. R. Nambiar and G. Rajagopalan* 

Geological Survey of India, Marine Wing, Mangalore 575 003, India 
*Birbal Sahni Institute of Palaeobotany, 33, University Road, Lucknow 
226 007, India 

Radiocarbon dating of carbonized wood samples from 
three sediment cores from the inner continental shelf 
off Taingapatnam, in the southwestern coast of India, 
indicates ages in the bracket 8400-9400 YBP. These 
radiometric ages correlate well with the ages of 
carbonized wood from inner continental shelf off 
Ponnani (Kerala) and Karwar (Karnataka). The 
occurrence of carbonized wood in widely spread 
offshore areas probably represents a regional trans¬ 
gressive event in the west coast which resulted in 
submergence and destruction of coastal mangroves. 

The rate of sedimentation in the study area varies 
between 0.12 and 0.37 mm/yr, much lower than those 
reported from shelf areas north of Mangalore. The 
slow accumulation of sediments in the southern parts 
of the western continental shelf of India, as exemplified 
from the present study, may be due to very poor 
discharge and low bed load sediments of the west-flowing 
small rivers of this part of the peninsula and low 
concentration of suspended particulate matter in them. 

Though a large number of radiocarbon dates are available 
for the outer continental shelf sediments, particularly 
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north of Bombay and for the algal ridges', information 
on radiocarbon dates of modern sediments of the inner 
shelf of the west coast of India is limited. The only 
published data on dating of inner continental shelf 
sediments of the west coast are those on Karwar^ and 
Vengurla^. Based on these dates, the average sedimen¬ 
tation rates in these areas have also been estimated. 
Sediment accumulation rates based on "'”Pb activity are 
available for the Gulf of Cambay"'’^, the Bombay High 
Region^, Kalinadi river mouth^ near Karwar and inner 
shelf areas of Mulki* and Mangalore^. Sedimentation 
rates in shelf areas off the Malabar coast south of 
Mangalore, based either on ^"'Pb activity or on are 
in need. 

In the western continental shelf of India, the bottom 
topography and sedimentation pattern differ from north 
to south. The shelf in the northern part is one of the 
broadest in the world, with a width of 350 km off the 
Gulf of Cambay, which progressively narrows down 
towards south to a minimum of 60 km off Cochin. The 
rock types in the hinterland areas are different and the 
climatic conditions also vary, which result in differences 
in mode and susceptibility of the rocks to weathering. 


This, together with differences in catchment areas, gives 
rise to variations in river discharge and amounts of bed 
load sediments and suspended particulate matter (SPM) 
brought by the rivers to different parts of the shelf. 
Further, waves, tides and currents, which influence the 
along-shore and across-shore sediment transport, also 
differ from place to place and show seasonal variations. 
All these factors combined together may result in variable 
rates of sediment accumulation in different shelf regions 
of the west coast of India. In the present communication, 
new radiocarbon dates of three sediment cores from the 
inner shelf off Taingapatnam, north of Cape Comorin, 
are reported. The average sedimentation rates based on 
these dates are compared with the published data from 
the other shelf areas of the west coast. 

Though the surficial sediments of the inner shelf off 
Taingapatnam are fine to medium sands, vibrocores from 
the area have revealed subsurface occurrence of silty 
clay, clay and/or carbonaceous clay, occassionally with 
carbonized wood at places. The lithology of the three 
sediment cores along with the location of the carbonized 
wood samples dated is shown in Figure 1. Four samples 
were dated from three cores (Table 1) at the Radiocarbon 
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Table 1. Radicvcarbon dates of carbonized wood samples from Taingapatnam offshore area 


Core/sub¬ 
sample no. 

Location 

Water depth 
(m) 

Depth of 
dated material 
(cm) 

Age* 

(YBP) 

Latitude 

Longitude 

VC-3066/5 

8M248.405" 

77^58,697'^ 

21 

224-240 

9390 ±150 

VC-3125/4 

8T4'34.784'^ 

1T9'03.32^" 

21 

107-117 

88501140 

VC-3126/8 

8T4'25.2ir' 

77“9'21.128" 

22 

312-320 

84201 160 

VC-3126/11 

8T4'25.211'^ 

77‘’9'21.128" 

22 

340-350 

87501 130 


*Age based on a half-life value of 5730±30yr. 


Dating Laboratory of the Birbal Sahni Institute of 
Palaeobotany, Lucknow, using the pretreatment, chemi¬ 
stry and radioactive counting techniques as described 
elsewhere’”. Sample no. VC-3126/8 was mixed with 
3.2% dead CO^ to have enough methane for counting. 

The radiocarbon dates of the carbonized wood samples 
lie between 8400 and 9400 YBP (Table 1). Though 
these dates are insufficient to make a computation of 
accurate sedimentation rates, as a first approximation 
the average rates have been computed assuming a uniform 
rate of accumulation at the sites subsequent to the 
deposition of dated material. The sedimentation rate 
estimated is 0.24 mm/yr at VC-3066 and 0.37 mm/yr at 
VC-3126, Two dates are available for VC-3126 which 
indicate a higher rate of 1 mm/yr for peat admixed with 
carbonaceous clay occurring at depths of 3.2-3.4 m in 
between the dated samples. The lowest rate of sedimen¬ 
tation of 0.12 mm/yr occurs at site VC-3125. 

The marginally higher rate of sedimentation of 0.37 
mm/yr at VC-3126 compared to 0,24 mm/yr at VC-3066 
may be due to the dominance of sandy sediments at 
the former (Figure 1), which accumulate at a rate faster 
than that of clayey sediments. However, the low sedimen¬ 
tation rate at VC-3125 cannot be explained by the 
lithological differences in different cores. 

Occurrence of carbonized wood/peat beds generally 
associated with carbonaceous clay has been recorded in 
late Pleistocene-Holocene sediments from many offshore 
areas of the west coast. These beds occur at varying 
bathymetric levels and distances from the present 
shoreline. Peat beds are also known to occur in onshore 
areas close to the present coast from Goa to Cape 
Comorin”"’^ 

The onshore and offshore occurrences of peat/car¬ 
bonized wood show that peat formation was a regional 
phenomenon of the west coast of India during late 
Pleistocene-Holocene period. Enclosed basins, sheltered 
bays, lagoons and wet tropical plains are the favoured 
environments for peat formation and indicate the growth 
of luxurious vegetation in the area. Mangroves are the 
most remarkable vegetation that fringe tropical coasts 
and are known to be the most prolific producers of 
peat’"’ ’^. Pollen studies of core samples from Arabian 
Sea have indicated a humid climate with maximum 
mangrove vegetation in the west coast around 


11,000 YBP, which declined considerably by 6000 YBP 
(ref. 16). Relicts of mangrove vegetation occur even 
today, especially inside creeks and estuaries all along 
the west coast’’. 

The ages obtained for carbonized wood samples from 
Taingapatnam shelf area (8420-9390 YBP) correlate well 
with the ages of carbonized wood from inner continental 
shelf off Karwar^ (8620-9630 YBP) and of carbona¬ 
ceous clay with decayed wood from Ponnani’^ (8230- 
10,240 YBP). The sea level transgressed rapidly on the 
west coast during early Holocene, which resulted in 
destruction of coastal mangroves, giving rise to car¬ 
bonized wood/peat beds. The radiocarbon age data indi¬ 
cate that this transgression occurred within a time span 
of 8000-10,000 YBP in the west coast. An allochthonous 
origin by erosion and transportation of onshore peat 
beds and deposition in marine regime has also been 
attributed for the peat occurrences of Karwar-Kumta 
shelf’^. 

A perusal of the data on sedimentation rates of the 
western continental shelf of India (Figure 2, Table 2) 
reveals that a very high rate of sedimentation of 19 mm/yr 
has been recorded in the mouths of Narbada and Tapti 
rivers in the Gulf of Cambay, which decreases to 
1.8 mm/yr towards deeper waters of the shelf’' Further 
west in the upper continental slope at a water depth of 
343 m, clay accumulation rate of 3.8 mm/yr has been 
estimated^. 

A sedimentation rate of 2.5 mm/yr was recorded in 
the Bombay High Region^, and in the near-shore parts 
of Bombay offshore the rates vary between 5.5 and 
6.2 mm/yr (ref. 5). Further south in Vengurla inner 
shelf^ the sedimentation rate varies between 0.85 and 
1.00 mm/yr, and in Karwar^ between 0.44 and 
0.89 mm/yr. However, a higher rate of 2.6 mm/yr has 
been recorded at 20 m water depth, close to Kalinadi 
river mouth’ near Karwar. An accumulation rate of 
0.72 mm/yr has been reported for Mulki inner shelf^ 
and for Mangalore^ the estimated rate varies between 
0.56 and 0.72 mm/yr. The sedimentation rates calculated 
for Ponnani inner shelf’^ vary from 0.11 to 0.20 mm/yr, 
and for Taingapatnam from 0.12 to 0.37 mm/yr. 

The above review shows that sedimentation rates in 
the northern parts of the western continental shelf of 
India, particularly north of Karwar, are considerably 
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Figure 2. Rates of sedimentation (mm/yr) along the western coniincnia! 
shelf of India: x--estimations by '‘°Pb excess dating; •-estimations 
by dating. 

higher than those of the southern areas. The factors 
chiefly responsible for variation in sediment accumulation 
rates in coastal seas are the river discharge, sediment 
supply, SPM concentration of rivers and oceanographic 
conditions. In addition to Narbada and Tapti, which 
contribute together 0.6xl0^m.t. of sediments annually 
to the ocean‘s, the northwest continental shelf of India 
and adjoining slope may also receive sediments from 
the river Indus^^^ with an annual sediment supply of 
0.44 X But the tidal barrier at the mouth of the 

Gulf of Kutch restricts the transport of Indus sediments 
to near-shore shelf areas^^’^h The large and small rivers 
that flow into the Gulf of Cambay together account for 
about 45% of the total discharge of all the west-flowing 
rivers of India““. Further, Tapti and Narbada rivers have 
higher SPM concentrations*^ (4345 and 1154 mg/1, respec¬ 
tively). This explains the very high accumulation rates 


Table 2. Sedimentation rates in the inner shelf off Taingapatnam 
and other parts of the western continental shelf of India 


Location 

Sedimentation 

rate 

(mm/yr) 

Method 
of dating 

Reference 

Off Taingapatnam 

0.12 

14c 

This study 


0.24 

14c 



0.37 

14c 


Off Ponnani 

0.11 

14c 

18 


0.14 

14c 



0.17 

14c 



0.20 

14c 


Off Mangalore 

0.56 

210pb 

9 


0.72 

2IOp[, 


Off Mulki 

0.72 

210pj, 

8 

Off Karwar 

0.44 

14c 

2 


0.67 

14c 



0.89 

14c 


Off Kalinadi 




river mouth 

2.60 

2l0pb 

7 

Off Vengurla 

0.85 

14c 

3 


1.00 

14c 


Offshore 

5.5 

210pb 

5 

of Bombay 

6.2 

210pb 


Bombay High 

1.8 

210pb 

5 


2.5 

2l0pb 

6 


3.8 

14c 

5 

Gulf of Cambay 

7.2 

210pb 

5 


19.0 

210pb 

4 

of sediments in 

the Gulf of Cambay, 

particularly at 


Narbada and Tapti river mouths. The southwest monsoon 
drift appears to be largely responsible for sediment 
transport in the area, resulting in greater accumulation 
rates at down-current sample locations'^. The clay accu¬ 
mulation rates decrease from near-shore region to deeper 
water regions of the northwest continental shelf. Clay 
mineralogical studies have indicated that the cross-shelf 
transport of sediments in this area is very insignificant^^. 
If so, the higher clay accumulation rate of 3.8 mm/yr 
at a water depth of 343 m (Figure 2) cannot be attributed 
to terrigenous influx from Narbada and Tapti and the 
possible source could be the Indus river'^. 

The rivers debouching in the southern parts of the 
west coast are smaller and contribute only a small 
amount of sediments to the shelf. The SPM concentrations 
of these rivers are significantly lower, because they 
drain granitic gneisses and charnockites, which are less 
susceptible to mechanical weathering than the Deccan 
basalts that form the catchment of Tapti and Narbada 
rivers^. Hence, the very slow accumulation of sediments 
in the inner-shelf areas of southwest coast of India, as 
shown by the present study, may be due to very poor 
discharge, short supply of sediments and low concentra¬ 
tions of SPM in the small rivers that debauch into the 
sea. As a result, the Holocene sediments in the south¬ 
western continental shelf are thin, as indicated in 
numerous sediment cores, whereas in the northern parts, 
sedimentation of thick Holocene sequence has taken 
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place as recorded off Vengurla^ (12 m) and Bombay^"^ 
(30 m). 
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Effective utilization of geomorphology 
in uranium exploration: A success 
story from Meghalaya, northeast India 

R. Mamallan, A. B. Awati, S. N. Kak’ and 
K. R. Gupta 

Regional Centre for Exploration and Research, Atomic Minerals 
Division, Assam Rifles (P.O.), Shillong 793 011, India 
Atomic Minerals Division, AMD Complex, Begumpet, Hyderabad 
500 016, India 

The southern fringe of Meghalaya plateau displays 
a spectacular development of erosional landforms in 


the thick sedimentary cover of Cretaceous-Tertiary 
formations. Mahadek formation, the lower member 
of this sequence, comprises both continental and 
marginal marine sediments while all the overlying 
formations are mainly of marine origin. In the study 
area all the Tertiary formations are eroded away, 
leaving exposed the continental part of the Mahadek 
formation, which comprises channel-Hlled and 
floodplain sediments. Geomorphologically, both these 
units express themselves as cuestas but significant 
textural differences were observed, enabling us to 
discriminate them in aerial photographs. It is known 
that the channel-filled sedimentary unit incorporates 
many favourable geological and geochemical charac¬ 
ters to host uranium mineralization. The Domiasiat 
uranium deposit occurs in this unit only. By virtue 
of its distinct geomorphology, three domains of chan¬ 
nel-filled sediments were demarcated in aerial 
photographs. Follow-up radiometric field checks on 
one of these domains, near the confluence of Wah 
Blei and Kynshiang rivers, have led to the discovery 
of significant uranium occurrences, opening up 
promising new avenues for uranium exploration in 
Meghalaya. 

Meghalaya plateau is a horst-like feature bounded by 
Brahmaputra graben, Dawki fault, Yamuna fault and 
Naga thrust in the north, south, west and east, respectively 
(Figure 1). The plateau incorporates three major geologi¬ 
cal provinces^ viz. (i) the cratonic massif of Archean 
gneissic rocks, (ii) the Proterozoic Shillong group of 
metasediments with intrusive mafic rocks and granite 
batholiths, and (iii) the rift-related basalts and alkaline 
rocks of late Jurassic to early Cretaceous age and a 
late Mesozoic to Tertiary sedimentary cover occurring 
along the southern margin. 

The deposition of Cretaceous sediments along the 
southern fringe of the plateau began with the accumula¬ 
tion of alternate sandstone-conglomerate beds. Con- 



Figure 1. Locluioii Map. 1. Brahmaputra alluvium; 2. Yamuna fault; 
3. Dawki fault; 4. Raiba fault; 5. Na^a thrust; 6. study area. 
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formably overlying these beds in the south and uncon- 
formably resting over the Precambrian crystallines in 
the north is a thick sequence of Mahadek formation, 
which is characterized by the deposition of both con¬ 
tinental and marginal marine sediments. 

In the region of present study the vast continental 
arkosic sandstones are overlain by isolated exposures 
of marginal marine purple sandstones. Two distinct 
sedimentary facies, viz. channel-filled and floodplain 
sediments of the continental unit have been identified. 
Channel-filled sand stones are flanked on either side by 
floodplain sediments and both these units were deposited 
during the upper Cretaceous period along the braided 
river channels and the corresponding swampy floodplains, 
respectively. Aerial photographs were extremely useful 
in accurate delineation of these facies. 

Geomorphologically, the southern fringe of the plateau 
exhibits a spectacular development of fluvial erosional 
landforms as a result of elevated terrain, flat sediment 
cover and a huge amount of rainfall. Major landforms 
in this area include mesas, buttes, escarpments, glens 
and gorges. The following physiotectonic features have 
augmented such a marvellous carving of landforms: 

1. Cretaceous-Tertiary sediments were deposited over 
a gentle southerly sloping, roughly flat Precambrian 
basement. 

2. These sediments with the underlying basement were 
uplifted en masse as a horst to more than 1500m from 
the level of their original deposition. 

3. These sediments did not undergo any structural 
disturbance after their block upliftment. 

4. Due to its unique geographical location, this terrain 
experiences a humid climate and receives the highest 
rainfall in the country. The world’s wettest places like 
Mawsynram and Cherrapunji are situated over these 
sediments only. 

5. The resultant gradient due to the block upliftment 
has triggered intense peneplanation of this area. 

Prolonged erosion since Miocene period has resulted 
in the engraving of the present geomorphology in the 
southern parts of the plateau. 

In the terrain east of Kynshiang river, the region of 
the present study, most of the Tertiary cover has been 
removed as sheet wash, exposing the dip surface of the 
Mahadek sandstone. The remnant uneroded Tertiary sedi¬ 
ments stand out as buttes and mesas depending upon 
the level of erosion they have undergone. The buttes 
like Lum Kohkhlum, Lum Kuttraw, etc., in this airea 
confirm that the entire terrain was covered by the 
complete sequence of sediments and that except for 
Mahadeks almost all the overlying formations have been 
eroded away by fluvial processes. 

As the sediments were having a gentle southwesterly 
dip slope (5-10°), a characteristic dendritic drainage 
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developed on the sediment surface with a general south¬ 
westerly flow which was subsequently superimposed 
over the basement. Besides, reactivation of basement 
fractures during the upliftment of the plateau played a 
role in the southwesterly course of major rivers like 
Kynshiang, Wah Podhra, Urn Sophew, etc., in the area. 

South of Kynshiang river, the complete succession of 
Cretaceous-Tertiary sediments are preserved. Here the 
Mahadeks sandstones are exposed in the deeper portion 
of the Kynshiang river. For all practical purposes the 
sediments exposed south of Kynshiang river are in 
simple physical continuity with the sediments in the 
north, excepting that in the north all the sedimentary 
formations other than Mahadeks have been eroded away. 

The channel-filled sandstone facies is characterized 
by cross-bedding, medium to coarse grain size, frequent 
variation in grain size both vertically as well as laterally 
and poor sorting. It incorporates abundant coaly matter 
as disseminations and stringers along with pyrite. 
Geomorphologically, this facies expresses itself as cuesta 
with a gentle southwesterly slope. It occurs as linear 
patches of upto 10 km long flanked on either side by 
floodplain sediments and supports a dense vegetation, 
imparting a dark tone in aerial photographs. In valley 
sections it has a vertical scarp up to the contact with 
Precambrian basement rocks. The gentle cuesta slope 
of this unit is crowded with randomly distributed and 
smoothly rounded mounds of about 60 m diameter and 
10-15 m height, together imparting a custard-apple-skin- 
like appearance. This geomorphological expression, a 
characteristic feature of this unit, is the photointerpreta¬ 
tion key which has been used to discriminate channel- 
filled facies from other sedimentary units. 

The floodplain sandstone facies is massive in nature, 
characterized by fine to medium grain size, incorporation 
of up to 30% pyrite nodules, presence of coaly matter 
as chunks and well-developed joints. Geomorphologi¬ 
cally, this unit also expresses itself as cuesta but does 
not support good vegetation, with the result a light grey 
tone and mottled texture is observed in aerial 
photographs, besides flat, smooth and well-jointed sur¬ 
face. Because of the presence of well-developed joints, 
a subdendritic to subparallel drainage pattern has been 
developed on these sediments. The intimate relation of 
pyrite with this sandstone facies indicates that it was 
formed in a marshy environment. Such a marshy 
floodplain favours the thrival of sulphur-reducing bac¬ 
teria. 

The following three linear patches of channel-filled 
sediments were identified between Kynshiang river in 
the west and Um Rilang river in the east (Figure 2): 

1. A north-south patch of 1-1.5 km in width exposed 
on the eastern bank of Kynshiang river, north of its 
confluence with Wah Blei river: This unit continues 
further south of the confluence and except for a small 
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Figure 2. Photogeological map of Nongmaiong-Domiasiat-Phlangdiloin-Phlangmawphraw area, W. Khasi Hills, Distt., Meghalaya. 
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patch of 1.5 X 0.5 km, occurring as a river bench, it is 
covered by thick sequence of Cretaceous-Tertiary sedi¬ 
ments in the south. This channel-filled sandstone is 
flanked on the west and east by Lum Kuttraw and 
Nongmalong flood plain sediments, respectively. 

2. A north-south patch exposed between Wah Podhra 
and Um Sophew rivers and south of Phlangdiloin village: 
The width of this unit is nearly 1 km in the north, 
which broadens to about 4 km in the south. The Domiasiat 
uranium, deposit is situated on this patch only. This 
patch of channel-filled sandstone is flanked on the west 
and east by sediments of Nongmalong and Sindumdum 
floodplain, respectively. 

3. A small patch of lx 1.5 km exposed north of 
Phlangmawphraw and west of Um Rilang valley: Most 
part of this sedimentary unit appears to have been 
eroded away, giving way for the formation of Um 
Rilang valley. 

Sandstone-type uranium deposits are epigenetic con¬ 
centrations of uranium in unmetamorphosed sandstones 
of fluvial, lacustrine or marginal marine origin. The 
minimum requirements for the formation of this type 
uranium deposit are: (1) a provenance rock containing 
labile uranium, e.g. granite: (2) a transporting medium 
to carry the oxidized uranium, e.g. ground water; (3) 
a favourable host rock having the capacity to reduce 
and retain uranium^. 

By virtue of its higher porosity and permeability, 
incorporation of disseminated reductants like car¬ 
bonaceous matter and pyrite, presence of permeability 
barriers such as siltstones and a score of other factors, 
the channel-filled sandstone of Mahadek formation is 
considered to be a good host for uranium mineralization^ 
This is evidenced by a number of uranium occurrences 
like Domiasiat, Phlangdiloin, Tymai, etc. The aim of 
the present study was to reduce target areas for survey 
and exploration, which has been successfully achieved 
by utilizing effectively the geomorphological charac¬ 
teristics to discriminate the channel-filled facies from 
the others. By the study of aerial photographs and 
subsequent field checks, a photogeological map has been 
prepared delineating the three aforementioned channel- 
filled sedimentary units. Of these, Domiasiat has already 
been proved to be having a low-grade medium tonnage 
deposit. In the Phlangmawphraw domain only a small 
patch of channel-filled sediments are left uneroded after 
giving way for the Um Rilang valley. Radiometric 
surveys conducted by scientists of Atomic Minerals 
Division during the year 1992 have revealed interesting 
uranium occurrence in this area. 

The third patch exposed on the eastern bank of 
Kynshiang river, north of its confluence with Wah Blei 
river, which is continuing further south of the confluence 
had so far remained radiometrically unchecked. During 
the course of ground truth collection on this channel-filled 


sedimentary domain in the early months of 1992, the 
authors have located significant uranium occurrence south 
of the confluence of Wah Blei and Kynshiang rivers 
(9r06'34"E-25U8'38"N). These uranium anamolies 
range from 0.022% to 0.704% of uranium associated 
with carbonaceous shale, felspathic sandstone and coal 
band"^. This newly discovered uranium occurrence in the 
channel-filled sedimentary domain of Mahadek formation 
has geared up the uranium exploration activities in this 
part of the sedimentary basin. 
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Monitoring functional property of 
the transgene through rapid 
amplification of cDNA ends in indica 
rice transformants 

D. Basu, S. Das, P. Nayak and S. K. Sen 

Plant Molecular 8l Cellular Genetics and Centre for Plant 
Molecular Biology, Bose Institute, Pl/12, C.I.T. Scheme VII-M, 
Calcutta 700 054, India 

In plant transformation studies, it is realized that 
we do not have a handy method to test the functional 
property of a transgene. In that context, it was 
considered that utility of the RACE (rapid amplifica¬ 
tion of cDNA ends) technique is worth testing. The 
test was conducted through an experiment carried 
out in indica rice cell lines of stable transformants 
for monitoring the presence of the transcripts of the 
transferred target genes, viz. gusA and bar; Based 
on our success, it was realized that the RACE tech¬ 
nique may find its utility in many areas of plant 
molecular biology studies, besides the one tested. 

Gene transfer through transformation has become achiev¬ 
able in most of the plant systems. The methods that 
are adopted could either be Agrobacterium-m&d\3X.Qd 
transformation or any of the direct gene transfer tech- 
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niques. In all transformation studies, markers are used 
to ascertain the effectiveness of the introduction of the 
transforming DNA. In stable transformants, marker gene 
expression can be influenced by the site of insertion, 
template copy number, rearrangements and methylation. 
Thus, the pattern of integration of the transforming DNA 
in each transformant can influence the function of the 
transgene. In fact, we do not have a handy tool to 
follow directly the functional property of the transferred 
gene. In this context, it was considered that application 
of the principles of the RACE (rapid amplification of 
cDNA ends) technique' may find its utility. 

Two bacterial genes, viz. gusA^ and bar^ were cloned 
in plant expression vectors pBSS102 and pBSS202 
(Figure 1). The DNA to be transferred was delivered 
to the embryogenic calli of indica rice cv. Heera and 
IR64 through the direct gene transfer method. The 
embryogenic calli were initiated from the scutellum of 
matured seeds in MS medium"' supplemented with 2 mg/1 
2,4-D. After one month of initiation, the calli were 
bombarded with DNA-coated 1.0 |im gold particles using 
a BioRad PDS 1000/He particle gun. The bombarded 
calli were cultured in the selection medium containing 
3 mg/1 bialaphos (Meiji Seika Kaisa Ltd., Japan) in order 
to recover the bialaphos-resistant cell lines which were 
utilized for the experiment. The cell lines originating 
from the bialaphos-resistant cells were then individually 
tested for the presence of the transgenes following the 
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Figure 1. Structural details of the chimeric gene used in the plant 
expression vector, a, pBSSlOZ; b, pBSS202. 


RACE technique (Figure 2). This consisted of reverse 
transcription of the 3' end of the polyA mRNA using 
a hybrid primer consisting of oligo dT (17 residues) 
linked to a 18-base oligonucleotide primer, used as an 
adapter, containing the restriction sites (Table 1). 
Amplification was carried out through PCR using the 
adapter primer which binds to cDNA containing the 
hybrid primer at the 3' end and a primer specific towards 
5' end of each of the two genes, gusA and bar (Table 1). 
By following this course, it was expected that the 3' 
end of the mRNA (polyA) of only the target gene 
should be amplified. In cases where amplification could 
be achieved, they would provide proof for the presence 
as well as functioning of the transgenes at the level of 
transcription. Furthermore, since most eukaryotic mRNA 
have polyA tails and the target gene contained nos 
polyA termination signal sequences, the target transcripts 
were expected to contain the polyA tails. Any proof 
based on RACE technique is expected to distinguish 
the true transformants from those that are generated 
from endophytes or from any bacterial contamination. 
Total RNA of the bialaphos-resistant individual rice cell 
lines was extracted using the hot phenol method^. The 
polyA mRNA was then isolated by passing the total 
RNA twice through oligo dT cellulose column. The first 
cDNA strand (Figure 2) of every sample was synthesized 
by using 2 |ig of polyA mRNA with the hybrid primer 
(0.5 |ig) in the first-strand reaction mixture of the ‘you 
prime’ cDNA synthesis kit (Pharmacia). PCR reaction 
was then performed after purifying the first strand using 
phenol/chloroform extraction, followed by alcohol 
precipitation. The PCR mixture contained the following: 
synthesized first-strand cDNA in 10 |il of H 2 O, 5 |il of 
20 [iM of each primer, 10 Jil of 10 x PCR buffer (without 
MgCy, 10|il of 1 mM dNTPs mix, 10|il of 20 mM 
MgCl 2 , di H 2 O up to 99 |il. Denaturation was carried 
out at 95'’C for 5 min and 2.5 units of Taq polymerase 
(Promega) was added and overlaid with two drops of 
mineral oil. Temperature profiles of each cycle were 
95“C for 1 min, 50^ for 1 min, 72“C for 1 min for 40 


Table 1. Details of the primers used for RACE 


No and types 
of primer 

Nucleotide sequences of primer 

Position of 
the primers 

Expected size of 
the fragment to 
be amplified (bp) 

1. Hybrid 3' 




(containing Xhol, Sail and dial sites) 



2. Adapter 

5'GACTCGAGTCGACATCGA’' 



3. 3'amp gusA 

’'CTGGCCTGGCAGGAGAAACTGCATCAGCCG^ 

+1482 

-400 

4. 3' gusA 

’'TCATTGTTTGCCTCCCTGCTG^ 

end of the gene 


5. 3^ amp bar 

5'ATGAGCCCAGAACGACGCCCG’' 

+ 1 

-550 

6 . 3'bar 

’TCAGATCTCGGTGACGGGCAG^' 

end of the gene 
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Total RNA 

I PolyA mRNA purification by 
^ passing through oUgo dT cellulose 
f column 


mRNA--- AAAAAAAA 

T T T T - Adapter 

I First strand was synthesised using hybrid 
V primer((dT)17>Adapter} and reverse 
* transcriptase 


3* amp 


AAAA 

3 T T T T - Adapter 


(<) strand 


3‘ amp 


Denatured and annealed with 3'amp gene 
specific primer and the strands 
complementary to (-) strand were 
synthesised by Taq polymerase. 

( 4 ) strand 


3' amp 


(-) strand 

Denatured, annealed with adapter primer 
and extended by Taq polymerase. 


(•!•) strand 


Adapter 



(-) strand 


Adapter 


Denatured,' annealed with "3‘ amp" and 
adapter primers and amplified for 40 cycles. 

(•f) strand 


(-) strand 

Figure 2. Strategy for rapid amplification of cDNA ends. 



Figure 3. Agarose gel electrophoregram of DNA after using the RACE technique, a. Rapid amplification of cDNA ends of gusA gene from 
sample 1 (lane 2) and sample 2 (lane 3) using primers 2 and 3 (Table 1); lane 4 shows PCR amplification of pBSS202 DNA using primers 
3 and 4 (Table 1) of the gusA gene; lanes 5 and 6 show PCR amplification of total mRNA of samples 1 and 2, respectively; lane 7 shows 
PCR amplification of total DNA of sample 1 when the adapter primer 2 and gusA gene 5' primer 3 (Table 1) were used. Lane 1 shows (|) 
X174 DNA cleaved with Haelll endonuclease as molecular weight marker, b. Rapid amplification of the cDNA ends of the bar gene from 
sample 1 (lane 2) and sample 2 (lane 3) using primers 2 and 5 (Table 1); lanes 4 and 6 show PCR amplification of total mRNA of samples 
1 and 2, respectively; lane 5 represents PCR amplification of total DNA of sample 1. In case of total RNA and DNA, the adapter primer 2 
and bar gene 5' primer 5 were used. Lane 7 represents amplification of pBSS 102 DNA when 5' primer 5 and primer 6 of the 3' end of bar 
gene (Table 1) were used. Lane 1 shows XI74 DNA cleaved with Haelll endonuclease as molecular weight marker. 
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cycles. The last cycle was extended for 7 min 30 s at 

irc. 

Figure 3 a documents evidence for rapid amplification 
of cDNA ends of gusA gene. It was evident that 
amplification in lanes 2 and 3 of -- 400 bp took place 
through RACE. No amplification with total RNA and 
DNA (lanes 5-7) was possible. Similarly, Figure 3 b 
showed evidence for rapid amplification of cDNA ends 
of the bar gene. As in the case of gusA gene, amplifica- 



Figure 4. Detection of PAT activity in rice tissue extract. Lane 1: 
leaf tissue of untransformed rice plant; lane 2: untransformed indica 
rice callus; lane 3: bialaphos-resistant callus. Arrow indicates the 
presence of ^"^C-labelled acetylated phosphinothricine (PPT). In lanes 
1 and 2 tissue extracts spotted were ten times more concentrated than 
the extract used for lane 3. 


tion of ~ 550 bp of bar gene also materialized, as 
documented in lanes 2 and 3 in Figure 3 b. No amplifica¬ 
tion could be seen in lanes 4-6, indicating that non¬ 
specific amplification had indeed not taken place. 
Thus, it was realized that the method worked satis¬ 
factorily. 

To further confirm the presence of the translated gene 
product, a bialaphos-resistant cell line (sample 1 of 
Figure 3 b) which provided positive signal for the RACE 
technique was subjected to phosphinothricin acetyl- 
transferase (PAT) assay following the method of De 
Block et al.^. The results presented in Figure 4 show 
that the bialaphos-resistant cell line expressed the trans¬ 
ferred gene product during PAT assay. Additionally, the 
expression of gusA gene was histochemically tested (as 
evident in Figure 5) following the method of Jefferson*^ 
in sample 2 of Figure 3 a. The gusA gene is used 
extensively as a reporter gene in plant and agricultural 
molecular biology. The enzyme p-glucuronidase catalyses 
the hydrolysis of a wide variety of glucuronides. Ad¬ 
vantages of GUS over other systems are the robustness 
of the enzyme^ the simplicity of the assays and the 
varieties of the substrates available, including the sen¬ 
sitive histochemical substrate 5-bromo-4-chloro-3-indolyl 
(3-D-glucuronide (X-Gluc), as used in the present 
study. 

Methods for detection and analysis of RNA molecules 
are always an important aspect of biological studies. 
Based on the present finding, the application of the 
RACE technique may find its utility in many molecular/ 
cell biology studies. Although in situ hybridization 
method is considered to be the most sensitive one, its 
technical complexity, especially in processing a large 
number of samples, makes its application difficult. On 
the other hand, the RACE technique could additionally 
be useful in (i) monitoring the expression of a gene in 
various plant parts at differential stages of growth, (ii) 



Figure 5. Histochemically assayed transformed rice callus showing gusA gene expression. 
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sequence analysis of individual forms of genes belonging 
to a multigene family by designing alternative primers, 
and (iii) situations where the outcome of the genetic 
end product is dependent upon more than one gene and 
the expression of each gene involved needs to be 
monitored. However, the applicability of this technique 
is limited to only situations where the nucleotide sequence 
of the gene to be searched is known. 
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Changes in nitrate reductase and gluta¬ 
mine synthetase activities in Ziziphus 
mauritiana by different VAM fungi 

Nishi Mathur and Anil Vyas 

Department of Botany, J. N. V. University, Jodhpur 342 001, India 


Efficacy of different vesicular arbuscular mycorrhizae 
(VAM) species towards increasing nitrate reductase 
(NR) and glutamine synthetase (GS) activities in 
Ziziphus mauritiana was evaluated under glasshouse 
conditions. After 45 days of seedling growth, plant 
samples were analysed. In general GS activity was 
higher in all the treatments as compared to NR 
activity. Addition of VAM increased the activities of 
both these enzymes. However, different VAM species 
varied in their efficacy to increase these enzymatic 
activities. Among the five VAM species used during 
the present investigation. Glomus fasciculatum was 
found to be the most efficient VAM species for 
Z. mauritiana as it increased most effectively the 

1144 


activities of GS and NR in this multipurpose fruit 
tree of the Indian Thar desert. This VAM fungus 
also increased protein contents more than twofold in 
Z. mauritiana, which can be of great significance in 
producing highly proteinaceous leaf fodder of this 
desert plant. 

Nitrogen is the most important mineral nutrient for 
plant growth^ Indirect increased nitrogen uptake by 
vesicular arbuscular mycorrhizae (VAM) has been well 
recognized^’Due to its beneficial effects, VAM are 
receiving considerable attention in agriculture and 
forestry"^. Ziziphus mauritiana is an important multipur¬ 
pose fruit tree of arid and semiarid regions. It is a 
source of fuel, fodder and timber. Cultivation of the 
plant is done mostly in P-deficient sandy soils of drought- 
prone areas. The primary stresses imposed on vegetation 
by environment are lack of water and nutrients^. The 
VAM fungi may be of particular significance in coping 
with P-deficiency stress in natural ecosystems^ There 
has been less work on nitrogen metabolism in plants 
colonized by VAM^. Nitrate reductase (NR) and 
glutamine synthetase (GS) are two major enzymes of 
nitrogen metabolism. Increased NR and GS activities 
by VAM fungi have been reported by few workers^’ 
Efficiency of VAM symbiosis is affected by a variety 
of factors, including environmental conditions and the 
host plant; hence, response of different host-fungus 
combinations and effects of different environmental con¬ 
ditions must be analysed^. Keeping all these facts in 
mind, efficiency of different VAM species were studied 
towards increasing NR and GS activities in Z. mauritiana 
in order to select an efficient VAM strain for this 
neglected multipurpose fruit tree of the Indian Thar 
desert. 

Five VAM species, namely Glomus constrictum 
Trappe, G. fasciculatum (Thaxter sensu Gerd.) Gerd. 
and Trappe, G. mosseae (Nicol. and Gerd.) Gerd. and 
Trappe, Gigaspora margarita Becker and Hall and 
Scutellospora calospora (Nicol. and Gerd.) Walker and 
Sanders collected from rhizosphere soils of Z. mauritiana 
were maintained on Cenchrus ciliaris as pot cultures. 
The soil from these pot cultures along with the roots 
of C. ciliaris was used as source of inoculum. Ten g 
of inoculum was used in each pot of 18 cm diameter, 
containing sterilized soil, by the layering method^. The 
surface-sterilized seeds of Z. mauritiana were sown in 
these pots and the pots were kept in a glasshouse having 
60% humidity and 22-25°C temperature. After 15 days 
of germination, seedlings were thinned to one per pot. 
For all studies except that on nitrate reductase, 45-day-old 
plants were harvested, and the roots and shoots were 
separated, weighed, immersed in liquid nitrogen, stored 
at SOX, and analysed within 48 h. There were 20 
replications in each treatment. 

Plant tissue, 0.5 g fresh weight of each organ, was 
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ground in liquid N 2 and extracted in 5 ml of buffer. 
The GS extraction buffer (pH 8.0) contained 25 mm 
Tris, 1 mm EDTA, 1 mM DTT, 1 mM reduced GSH, 
10 mM MgSo^, 5 mM Glu, 1% PVP and 0.5% Nonidet 
P-40. After centrifugation, the supernatants were used 
for enzyme and soluble protein assays as follows. 

GS (ES 6.3.1:2) was determined by the transferase 
assay^. The reaction mixture contained 80 |imol of Mes, 
60 |i,mol of L-Gln, 25 jimol of Na 2 As 04 . 2.5 |Ltmol of 
hydroxylamine, 2 |imol of MnCl^ and 15 jimol of ADP 
(final pH 7.6). The reaction was initiated by addition 
of 0.10 ml of enzyme extract and terminated after 
10 min for shoots and 20 min for roots by addition of 
1 ml of ferric chloride reagent. After the mixture was 
centrifuged, A500 was determined. NR activity was 
measured by in vivo assay^ from small pieces of roots 
or leaf discs. 

All enzyme assays were carried out at 30°C and were 
linear with respect to the length of incubation time and 
the quantity of enzyme assayed. Soluble protein was 
determined by Bradford assay^. 

The buffer-soluble protein concentration was low in 
roots (between 0.51 and 1.76 mg g“^ fresh weight) and 
high in shoots (between 6.80 and 13.50) of Z. mauritiana 
in all the treatments. Addition of VAM increases the 
soluble protein concentration in both the organs. Different 
VAM species varied in their efficacy to increase soluble- 
protein concentration in both the organs (i.e. root and 
shoot). Among the five VAM species used in the present 
investigation, G. fasciculatum (Thaxt. Sensu Gerd.) Gerd. 
and Trappe increased soluble-protein concentration most 
efficiently in both the organs, while 5. calospora (Nicol. 
and Gerd.) Walker and Sanders responded least effec¬ 
tively (Table 1). This increase in soluble-protein con¬ 
centration was similar to the earlier findings^ of 
VAM-inoculated Zea mays L. 

NR activity was in the range of 0,07-0.18 [imol of 
nitrite produced h~^ g"^ fresh weight in roots and 0.18-0.9 
ILimol nitrite produced h“^ g~^ fresh weight in shoots. 
Activity of this enzyme was also found to be higher 
in both organs in all the VAM plants compared to 
control. However, here again G. fasciculatum coloniza¬ 


tion resulted in maximum increase in the enzyme activity. 
A similar enhancement of nitrate reductase activity was 
reported in roots and leaves of VAM-infected clover 
and was attributed to improved P-nutrition provided by 
VAM symbiosis^^. Me Arthur and Knowles^ observed 
20% increased NR activity in VAM potato plants. 
Endomycorrhizal fungal species like G. macrocarpum 
and G. mosseae have also been known to reduce nitrate 
ions*^ The results in the present investigation suggest 
that with a capacity for reducing nitrate it is likely that 
the symbiotic effectiveness of the VAM fungus G. fasci¬ 
culatum is enhanced in terms of nitrogen assimilation 
and translocation to the host plant. 

GS activity was higher in all the treatments in root 
and shoot as compared to NR activity. Similar trend 
was also noticed in behaviour of different VAM species 
towards increasing GS activity in roots and shoots of 
Z. mauritiana. Maximum GS activity in roots and shoots 
were observed in G. fasciculatum’Colonized plants, while 
least in S. calospora-irt 2 ittd plants. Smith et al.^^ showed 
by separating enzymatically fungal and plant tissue that 
G. mosseae contribute directly to GS activity in onion 
roots. In VAM roots higher GS activity may be accom¬ 
panied by increased amino acid synthesis and an increase 
in 15N-Gln translocation through the xylem. Cliquet 
and Stewart^ reported increased ammonium assimilation, 
Gin production and xylem nitrogen translocation in VAM 
maize plants. 

The present investigation reveals that different VAM 
fungi vary in their efficacy to increase GS and NR 
activities and also the soluble-protein concentration. 
However, GS and NR activities in Z. mauritiana roots 
and stem can be increased significantly by inoculating 
the plants with G. fasciculatum. Whatever the mechanism 
of increase, the two major enzymes of nitrogen meta¬ 
bolism were increased by VAM fungi in Z. mauritiana 
plants. The application of G. fasciculatum can be of 
great significance in producing highly proteinaceous leaf 
fodder of Z. mauritiana as this VAM fungi increased 
by more than twofold the protein contents in the leaves 
of this fruit plant. Further study on the symbiotic 
relationship of the VAM fungi and Z. mauritiana can 


Table 1. Changes in glutamine synthetase and nitrate reductase activities and soluble-protein 
contents in Z mauritiana by different VAM species 


VAM species 

Soluble protein 
(mg g”^ fresh weight) 

Glutamine synthetase 
(pmolh~^g'^ fresh weight) 

Nitrate reductase 

Root 

Shoot 

Root 

Shoot 

Root 

Shoot 

G. constrictum 

1.36 

8.90 

83.10 

85.74 

0.14 

0.25 

G. fasciculatum 

1.76 

13.50 

108.00 

124.52 

0.18 

0.29 

G. mosseae 

1.60 

11.60 

102.10 

122.24 

0.16 

0.27 

Gi. margarita 

1.31 

8.50 

81.35 

83.24 

0.11 

0.22 

S. calospora 

0.98 

8.00 

71.94 

77.94 

0.08 

0.19 

Control 

0.51 

6.80 

56.54 

57.08 

0.07 

0.18 

CD at 5% level 

0.28 

2.36 

5.32 

0.12 

0.02 

0.02 
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be of great significance in understanding the physiology 
of this multipurpose fruit plant of the Indian Thar desert. 
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Perspectives in Theoretical Nuclear 
Physics. K. Srinivas Rao and L. Satpathy 
(eds). Wiley Eastern Ltd., 4835/24, Ansari 
Road, Daryaganj, New Delhi 110 002. 
1994. 243 pp. Price not known. 


This volume contains a collection of arti¬ 
cles in memory of Sreedharan Chandra 
Kumar Nair, a distinguished nuclear 
physicist. Nair’s research interests were 
fairly wide. Nuclear beta decay was a 
bewilderingly complicated subject until 
the appearance of the universal V-A 
theory of weak interaction invented by 
Marshak and Sudarshan in the spring of 
1957. Nair along with Blin-Stoyle and 
other colleagues made several important 
contributions to the determination of the 
weak-coupling constants and his work 
culminated in a well-known review article 
in Advances in Physics in 1966. The 
article by T. Pradhan in the memorial 
volume gives an excellent introduction to 
the early development of weak-interaction 
theory. As the fundamental aspects of the 
theory became well-established, weak 
interactions become an important tool to 
study nuclear structure. S. K. Singh’s 
article deals with the use of inclusive 
neutrino reactions to study nuclear 
medium effects on the total cross-section 
and the energy spectrum of the outgoing 
leptons. R. Parthasarathy suggests using 
exclusive reactions to study the effect of 
isospin mixing, in nuclear levels. 

Nair spent a considerable part of his 
research life studying problems of nuclear 
structure using the Shell model and the 
collective model pictures. Manoj Pal’s 
article gives a lucid introduction to later 
developments like the interacting Boson 
model. Several of Nair’s former col¬ 
leagues have contributions dealing with 
magnetic moments, moments of inertia, 
superdeformed shapes, and band structures 
in bromine isotopes. 

Beginning with the early 1970s, quan¬ 
tum chromodynamics (QCD) has come 
to be established as the theory of all 
strong-interaction phenomena. Over the 
years, the attention of nuclear theorists 
has shifted to seeking explanation of 
nuclear properties from QCD. One of the 
striking paradoxes of the potential model 
picture of the quark-quark interactions is 
that while it works quite well at the level 
of a single nucleon, if the potential picture 
is extended to several nucleons just as 
one is used to doing in molecular physics. 


large Van der Waals forces are predicted, 
which flies in the face of experiments. 
Mitja Rosina deals with some aspects of 
this problem. Mira and Jishnu Dey deal 
with relativistic aspects of the quark 
model. Gambir and Ring show how to 
avoid spurious states that arise in relativis¬ 
tic mean field theory. Devanathan, Kar- 
thiyayini and Ganeshamurthy present an 
interesting model for the quark and gluon 
distribution functions. 

There are articles on heavy-ion colli¬ 
sions by Gross and by Ramamurthy. 
Kinematical and group-theoretical issues 
are the themes of the articles by 
Ramachandran Sirsi and Devi as well as 
Srinivasa Rao and Rajeshwari. Nuclear 
compressibility is the subject of the paper 
by Satpathy. He shows how the extensive 
data on nuclear masses can be used to 
pin down accurately the compressibility 
modulus not only for infinite nuclear 
matter but even for the surface and 
Coulomb terms. 

Also included in the volume (despite 
its title) are four articles by former col¬ 
leagues of Nair in areas outside Nair’s 
research interests. While we should be 
grateful to the editors for putting together 
a valuable collection of articles, the 
reviewer wishes that they had exercised 
better editorial control. Proof reading 
should have been much better; many arti¬ 
cles appear without abstracts and worse 
still some articles fall below reasonable 
standards. It would be cheap to assign 
the blame solely to the editors. (I wish 
some of the authors had maintained better 
professional standards.) This volume 
recalls the era of the 1960s and 1970s, 
when theoretical nuclear physics activity 
was strong in India. Unfortunately, there 
has been considerable decline in the num¬ 
ber of young people entering this field 
in India. While this trend is generally 
true in the rest of the world as well, 
research in nuclear physics continues to 
be at the frontier. One only needs to 
look at the calendar of events at the 
Institute of Nuclear Theory at Seattle or 
its counterparts in Europe or Japan. I 
hope senior nuclear physicists of India 
would take the initiative in establishing 
a similar centre in India, which I am 
sure will gladden the soul of Nair. 

J. Pasupathy 

Centre for Theoretical Studies 
Indian Institute of Science 
Bangalore 560 012, India 


Annual Review of Immunology 1994. 
William E. Paul (ed.). Annual Reviews 
Inc., 4139 El Caminoway, Palo Alto, 
California 94303-0897, USA. Vol. 12. 
Price; USA $ 48. 


The Annual Review of Immunology, VoL 
12, features 29 articles dealing with six 
broad, sometimes overlapping, areas of 
(1) tolerance, (2) lymphocyte ontogeny 
and development, (3) antigen-T driven 
interactions and binding by cytolytic T 
lymphocytes (CTL), T cell receptors 
(TCR) and major histocompatibility com¬ 
plex (MHC) antigens, (4) signal transduc¬ 
tion in B and T cells, (5) lymphokine 
profiles of T helper subsets, their balance 
and cross-regulation. Other new and 
emerging topics include extrathymic T-cell- 
development in the intestinal epithelium, 
the idea of peptide mediated TCR antago¬ 
nism, involvement of CD40 antigen in B 
cell antibody production and other im¬ 
munological events, role of the transcrip¬ 
tional factor NFkB in the immune system, 
an in-depth overview of chemoattractants, 
the anaphylatoxin C5a, their specific 
receptors and their functions as well as 
the all-pervasive area of AIDS vaccines. 

What would it be like to shake up the 
existing immunological concepts. The 
opening and ending articles by Cohn and 
Matzinger, respectively, do just this. The 
former introduces a new immunological 
unit called ‘protecton’, while both articles 
may, in fact, revise an immunologist’s 
interpretations of his basics. Quite sig¬ 
nificant is Matzinger’s statement: Tt is 
about the belief that the immune system’s 
driving force is the need to discriminate 
between self and nonself. I have aban¬ 
doned this belief.’ These new interpreta¬ 
tions may sustain some support from the 
information described by articles covering 
the area of lymphocyte ontogeny and 
development. In their article on B cell 
development Melchers et ai summarize 
the data obtained from gene-targeted 
mutants about early B cell different!ative 
events. Mature B cell development, they 
say, is independent of productive immuno¬ 
globulin (Ig) gene rearrangements but 
dependant upon the rescue of immature 
surface Ig positive B cells by unknowm 
antigens that interact with surrogate light 
chains that are distinct from those of the 
surface Ig receptor. A similar such inter¬ 
action between the MHC and the surrogate 
TCR chains may be involved during posi- 
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tive selection of T cells in the thymus. 

Robey and Fowlkes in their article 
‘Selective events in T cell development’ 
describe the regulatory influences of a 
and p TCR gene rearrangements and the 
role of peptide antigen on events occurring 
during thymic T cell development. Posi¬ 
tive and negative selection events have 
been interpreted using affinity models for 
TCR-antigen interactions. Knock-out 
mice obtained by gene targeting methods 
have not only revolutionized immunology 
but have also provided decisive answers 
to many unanswered questions on 
lymphocyte ontogeny and development. 
All genes, including cytokine genes tar¬ 
geted to examine events during thymic 
T cell development as well as their effects 
on peripheral T cell functions, have been 
excellently reviewed by Pfeffer and Mak. 
Continuing on this topic, confirmation 
that the thymus is not the only site for 
T cell education should be greatly inter¬ 
esting. Poussier and Julius describe 
evidences indicating that the intestinal 
epithelium is also a primary lymphoid 
organ which, like the thymus, supports 
T cell lymphopoiesis and differentiation 
but not without differences. 

The powerful impact of transmembrane 
signalling and protein phosphorylation 
events in modem biology is again 
reflected by the inclusion of three full 
articles devoted to this subject. The in¬ 
volvement of Src-family kinases Lck and 
Fyn as well as of the Syk-family kinase 
ZAP-70 and the role of common peptide 
sequences called ARAM in TCR-mediated 
signalling are described by Chan, while 
the structure-function analyses of the 
CD45 antigen, its wide role as a tyrosine 
phosphatase-regulating Src-tyrosine kinase 
during the activation of T cells and other 
haematopoietic cells are detailed by 
Trowbridge. In addition, transmembrane 
signalling events seem to share common 
features even in B cells. While describing 
the stmctural and molecular features of 
the B cell receptor (BCR) complex, Cam- 
bier et ai consider the role of Lck, Fyn 
and other cytoplasmic effector molecules 
during antigen-BCR-induced signalling. 
A general model for signalling in B cells 
is presented. Binding between cell surface 
CD40 and its ligand is another interaction 
that has been shown to play a critical 
role during antigen- induced B cell pro¬ 
liferation, formation of memory B cells 
and B cell development in lymph nodes. 
All these aspects and the role of follicular 


dendritic cells, centrocytes and centro- 
blasts in antibody production are found 
in separate articles entitled ‘Germinal 
centres’ and ‘CD40 antigen and its 
ligand’. 

Six different articles deal with the 
general area of antigen-driven interactions 
and antigen binding. They discuss (i) the 
identification and characterization of cm- 
cial structural features needed for pep¬ 
tide-antigen binding to MHC class I and 
II molecules, (ii) antigen presentation by 
Class I - B molecules, (iii) target antigen 
recognition and mechanisms of lym¬ 
phocyte-mediated cytolysis, (iv) antigen 
selection of anti-DNA antibodies, (v) 
assembly and transport of MHC class II 
molecules and (vi) peptide-antigen- 
mediated TCR antagonism. To emphasize 
some points, assembly of MHC class II 
structures requires the participation of the 
invariant chain and other chaperones, 
finally leading to the transport of the 
complex to the cell surface through the 
golgi apparatus via late endosomal com¬ 
partments. Cresswell elucidates the role 
of the proteasome complex and transport 
proteins TAP-1 and TAP-2 in the genera¬ 
tion and transport of peptides from protein 
antigens. The understanding of peptide 
residues critical for binding to MHC and 
recognition by the TCR has led to the 
discovery of TCR antagonism according 
to Sette et al This is increasingly being 
used in attempts to inhibit T cell responses 
during inflammation and autoimmune 
situations. 

Regulating the balance between Thl- 
and Th2-type helper T cells is being 
recognized as a promising strategy to 
intervene therapeutically and alter the 
course of disease states. Since the lympho- 
kines produced by these subsets can regu¬ 
late Thl/Th2 balance and because antigens 
can preferentially activate one or other 
T helper subset in different animals, it 
is now considered important to account 
for the host genetic background while 
formulating approaches for disease con¬ 
trol. All this and the differentiation of 
Thl/Th2-type cells from naive precursors 
as well as their cell surface markers are 
considered in two articles, one by Romag- 
nani and another by Seder and Paul. 
Since the AIDS virus promotes the apop- 
totic cell death of Thl cells, Cease and 
Berzofsky note that the next generation 
of synthetic peptide and recombinant vac¬ 
cines will have to consider the immuno¬ 
biology of AIDS infection. All currently 


available AIDS vaccines are reviewed in 
their article. 

Two other articles that may interest 
clinical immunologists would be ‘Im¬ 
munological aspects of allergic asthma’ 
by Bochner et al and the article on oral 
tolerance by Weiner et al. While the 
latter deals with the treatment of or- 
ganspecific autoimmune diseases by 
administering antigens orally to induce 
antigen-specific and nonspecific suppres¬ 
sion, the former deals with the wide 
variety of immune reactions as well as 
the role of cytokines and adhesion 
molecules in allergic asthma. Another arti¬ 
cle of special interest is the review by 
Winter et al that describes in detail the 
technique and utilization of filamentous 
bacteriophages to develop antibody 
reagents for research and therapy. 

Thus, this volume, although not without 
occasional typesetting errors, reflects 
excellently the latest not only in new 
emerging areas but also updates several 
older topics as well. 

R. Manjunath 

Department of Biochemistry 
Indian Institute of Science 
Bangalore 560 012, India 


Volcanism: Radhakrishna Volume. K. V. 
Subbarao (ed.). Wiley Eastern Limited, 
4835/24 Ansari Road, Daryaganj, New 
Delhi 110 002. 1994. 332 pp. 


Basalts are the most voluminous rocks 
on the Earth forming the bulk of the 
oceanic crust. They are the most abundant 
rocks on the Moon and other terrestrial 
planets. The recent spate of studies on 
the lunar and oceanic rocks has brought 
in loads of new information on basalts. 
On the continent, the present attention is 
focussed on flood basalts such as those 
of Deccan, Siberia, Karoo and Columbia 
River. K. V. Subbarao of IIT, Bombay, 
along with his foreign collaborators has 
generated prodigious data on Deccan 
basalts and has now turned his attention 
to basalts in general. The present out¬ 
standing volume of edited papers is the 
outcome of this effort. The volume is 
dedicated to one of the most revered and 
celebrated geologists of our time, Pad- 
mashri B. P. Radhakrishna. BPR is not 
a mere luminary but an institution in 
himself and this valuable volume is a 
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fitting tribute to his self-effacing great¬ 
ness. 

The book commences with an excellent 
introduction to the basaltic rocks of the 
Moon, Mars and Venus by S. R. Taylor. 
Hekinian and Bideau introduce the readers 
to the submarine volcanics of the East 
Pacific Rise (EPR) and the formation of 
hydrothermal mineral deposits, which are 
actualistic analogues of Precambrian 
mineralization in greenstones. 

Deccan volcanism occupies the pride 
of place in the volume. Subbarao and 
co-workers summarize the geochemical 
stratigraphy of the Nashik area. Sethna 
and Mousavi attribute subaqueous origin 
to silicic tuffs and relate them to the 
tectonics of Panvel flexure. Aniruddha 
De brings out the compositional variations 
in the basalts of Gujarat and Madhya 
Pradesh. Somdev Bhattacharji and co¬ 
workers identify the feeder dyke systems 
for basaltic flows and geochemically com¬ 
pare the dykes and flows. They invoke 
N-S lithospheric extension, rifting and 
dyke explacement from a mantle plume. 
Gautam Sen and Tobi Cohen describe an 
intrusive complex from Satpura dome and 
suggest synchronicity of two active 
magma centres of the western Deccan 
and Satpura and consequent Reunion - Dec- 
can plume head about 800 km in diameter. 

The important role of mineral and melt 
inclusions in unravelling the genetic his¬ 
tory of Deccan and Siberian basalts, par¬ 


ticularly the giant plagioclase basalts, is 
brought out by Pankov and others. Experi¬ 
mental studies by Cohen and Sen on 
aphyric basalts at 6 kb pressure throw 
light on fractionation in a shallow cham¬ 
ber (< 15 km depth) for the source of 
Deccan lavas. Ramanan and Subbarao 
present a novel approach in developing 
software for REE modelling using equi¬ 
librium partial melting. Peter Hooper 
presents a comprehensive review on the 
chemical composition of the source 
material and petrogenetic processes 
responsible for the evolution of the four 
major continental flood basalt provinces 
of Karoo, Parana, Deccan and Columbia 
River. Ann Wilkins and co-workers pro¬ 
vide a new insight into the genesis of 
the ubiquitous but controversial red bole 
beds and suggest a pyroclastic parent 
material for them. 

Goles and Brandon present a detailed 
geochemical analysis of a part of the 
Columbia river volcanics and prove the 
case of contamination of parent magma, 
an example which will act as a guide in 
identifying the process of assimilation in 
other flood basalt provinces. Felix Chayes, 
who pioneered the development of igne¬ 
ous petrological database, together with 
Nagy, describes methods for recognition 
and correction of errors in data base. 
Daves proposes a new mechanism of 
plate motion related to Earth’s tides which 
could cause lithospheric uplift. H. M. 


Iyer lucidly introduces the principles and 
applications of seismic tomography for 
3D modelling of earth’s structure, with 
examples of tomographic imaging experi¬ 
ments carried out by the US Geological 
Survey. Rogers and Mauldin enlarge the 
earlier application of terrane concept to 
the Indian shield by BPR in 1989 and 
identify four terranes in southern India. 
Their flight of fancy visualizes peninsular 
India as a part of the larger block-the 
Archaean supercontinent ‘Ur’. 

BBD Power Press has done a creditable 
job of excellent printing with an appealing 
get-up. Mallya brothers of BBD Press 
are part and parcel of Geological Society, 
whose prime mover is BPR. Amn 
Inamdar’s lovely sketches of BPR and 
Nashik scenery and Mike Widdonson’s 
spectacular photograph of the Deccan 
Trap landscape adorning the jacket of the 
book, have made the volume very attrac¬ 
tive. Subbarao’s editorial work has been 
thorough. Wiley Eastern Ltd. scores full 
marks for publishing this lovely volume. 
Among the various volumes dedicated to 
the greatness of BPR, this book figures 
as one of the most memorable in the 
recent years. 

M. Ramakrishnan 


Geological Survey of India 
Calcutta 700016, India 


INDIAN NATIONAL SCIENCE ACADEMY 

Bahadur Shah Zafar Marg, New Delhi 110 002 


INVITATION FOR NOMINATIONS 
1996 

INDIRA GANDHI PRIZE FOR 
POPULARIZATION OF SCIENCE 

The prize will be awarded for outstanding work by an individual for the 
popularization of science in any Indian language, including English. The prize 
consists of Rs 10,000 in cash and a bronze medal. Conditions for award and 
nomination forms can be obtained from Executive Secretary, Indian National 
Science Academy, Bahadur Shah Zafar Marg, New Delhi 110 002. The last date 
for receipt of nominations in the Academy is 15 July 1995. 
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Professor S. K. Mitra - His pioneering work on Radio Science 

S. N. Ghosh and Atanu Ghosh 

Professor Sisir Kumar Mitra was a doyen of Indian Science. He introduced the teaching of 
radio communication, then called wireless communication, for the first time in India. As early 
as 1926, he used to transmit radio programmes from his laboratory in the University College 
of Science at Calcutta. Research on upper atmosphere and radio science under his leadership 
was extensive and multifaceted. His famous book on upper atmosphere, published by the Asiatic 
Society of Bengal in 1947, has been considered as a Bible for research workers. He established 
the Institute of Radio Physics and Electronics, which is one of the foremost institutes of its 


kind in India. The field station 
Calcutta used to transmit data 
research. 

‘Did you visualize the immense 
possibilities of a triode when you first 
made it?' 

The answer to this question came from 
the aged Lee de Frost, ‘I am bewildered 
by its performance’. 

In triode, by introducing -the third 
electrode, the grid, the flow of electrons 
is controlled. It has contributed sig¬ 
nificantly to the growth of electronics 
and radio wave communication. The 
magic of their knowledge, which now 
touches practically every field of human 
endeavour, and their progress, which has 
taken place at a breakneck speed, were 
first brought to India by S. K. Mitra, 
F.R.S. 

Early life 

Sisir Kumar Mitra was bom on 24 October 
1890, in a township Konnagar in the 
district of Hooghly, West Bengal. He was 
the third son of Joykrishna Mitra, who 
was closely associated with Iswar Chandra 
Vidyasagar, Pt. Shiv Nath Sastry, Bepin 
Chandra Pal and others, and had a very 
liberal outlook. His mother, Sarat Kumari, 
had got enrolled in Campbell Medical 
School, Calcutta, for medical education, 
which she completed in 1892. She got 
an appointment in a hospital at Bhagalpur 
in Bihar. Joykrishna gave up his teaching 
job at Calcutta and moved the whole 
family to Bhagalpur, where he got an 
appointment in the local Municipal Office. 

Sisir Kumar was admitted into Bhagal¬ 
pur Zilla School. He was a serious student. 
Even at a young age, his spirit of enquiry 
was beginning to blossom. Around 1889- 


at Haringhata which he set i 
to World Data Centre and is 


1890, a Bengali youth named Ram 
Chandra Chatterjee succeeded in ascend¬ 
ing to a height of several hundred feet 
by a balloon and covered a distance of 
about 15 miles from Calcutta maidan to 
Basirhat. Sisir Kumar came to know of 
the incident. He became anxious to know 
how a balloon flies and repeatedly asked 



Prof. S. K. Mitra 
(1890-1963) 


his elder brother, Satish Kumar, to answer 
his question, ‘Why does a balloon rises 
while all others fall?’ 

After passing the Entrance Examination, 
Sisir Kumar was admitted into F.A. course 


p at a distance of 50 km from 
an ideal place for ionospheric 

in T.N.J College, Bhagalpur. In the mean¬ 
time, Sisir Kumar’s two elder brothers 
died, and due to shock, his father became 
paralytic and ultimately died. The whole 
burden of the family fell on his mother, 
who being a lady of great courage and 
strength decided to bring up her children 
with the best available facilities. Sisir 
Kumar was sent to Calcutta to study at 
Presidency College for the Bachelor’s 
degree and then^ Master’s degree in 
science. In 1912, he obtained the M Sc 
degree, topping the list of successful can¬ 
didates. While at Presidency College, he 
attended the classes of Sir J. C. Bose 
and Sir P. C. Roy and was overwhelmed 
by their scholarship. Whenever an oppor¬ 
tunity came, he trespassed into the 
laboratory of Sir J. C. Bose to look at 
his apparatus, recording the response of 
plant movements. 

After passing the M Sc examination, 
Sisir Kumar carried out research work 
under Sir J, C. Bose in the Presidency 
College, but only for a few months. Due 
to financial difficulties, he took up the 
job of a lecturer at T.N.J. College, Bhagal¬ 
pur. From there he moved to Bankura in 
West Bengal, to get an appointment of 
a lecturer in the well-known Christian 
College. He used to illustrate his lectures 
with experiments and write popular 
science articles wherein he explained the 
scientific principles with clarity and 
precision - an art in which he became an 
indisputable master in subsequent years. 

In 1914, Sisir Kumar was married to 
Lilavati, daughter of Rai Bahadur Hare 
Krishna Biswas. At about the same time, 
Calcutta University was undergoing exten¬ 
sive development under the leadership of 
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Sir Asutosh Mukherjee. The University 
College of Science was established in 
1916. Sisir Kumar was appointed a re¬ 
search scholar in the new Physics Depart¬ 
ment of the College. He began 
investigation of diffraction and inter¬ 
ference of light under C. V. Raman and 
published three papersin Philosophical 
Magazine of England and obtained D Sc 
degree from Calcutta University. 

Journey to France 

In 1920, Sisir Kumar left for Paris to 
work with the renowned scientist Charles 
Fabry at the University of Sorbonne and 
obtained in 1923 his doctorate degree 
based on his work^’ ^ on the determination 
of wavelength standard in the 2000--2900 
A spectral region. 

After working at Sorbonne University, 
Sisir Kumar worked for a while in the 
Institute of Radium under Madam Curie. 
He then visited the Institute of Physics 
at the University of Nancy, where Gutton 
was working on radio valve circuits and 
radio frequency oscillators, and became 
well known in this field of study. The 
famous British scientist Oliver Lodge also 
visited this laboratory to become ac¬ 
quainted with Gutton’s work. At that 
time, applications of radio valves to radio 
telegraphy were coming from different 
laboratories in Europe and America. Also, 
Appleton in 1924 demonstrated the exis¬ 
tence of the ionized region, now called 
the E-region, of the ionosphere and its 
role for transmission of radio waves over 
long distances. Sisir Kumar realized the 
promise and importance of this new 
branch of physics and decided to change 
his field of research from optics to radio 
wave communication after his return to 
India. 

While still in Europe, he wrote about 
it to Sir Asutosh Mukherjee, the Vice- 
Chancellor of Calcutta University and 
received an encouraging reply from 
him. 

Background information of 
electronics and radio wave 
propagation 

At that time the state of the art of 
electronics and radio wave communication 
was as follows. While developing electric 
lamp, Edison discovered in 1883 that if 
a metal plate was sealed inside the lamp, 
electric current would flow between the 


filament and the plate when the latter 
was made positive, but not if negative. 
This current was due to the flow of 
electrons emitted by the hot filament being 
attracted by the plate. In 1904, Flaming 
utilized it for making the two-electrode 
device, the diode, which was used by 
Marconi Co. for detecting wireless signals. 
In 1908, Lee de Frost, an American engi¬ 
neer, introduced, as mentioned above, the 
third electrode (grid) for controlling the 
flow of electrons to the plate. 

The three-electrode device, triode, 
brought in the age of radio electronics. 
Its revolutionary possibilities were real¬ 
ized only in 1914 when, by using the 
feedback principle, a triode was made to 
detect and amplify signals and also 
generate electric oscillations. Combining 
the improvements of this tube made 
during World War I, a practical system 
of radio telephony was developed for 
operation through long distances and, sub¬ 
sequently, for broadcasting in 1923. 

The radio amateurs, who in the mean¬ 
time became active with radio telephones, 
were allotted short-wave range 
{X < 200 m) for playing around as these 
were then considered not useful for long¬ 
distance communication. However, the 
amateurs discovered that they could, with 
these waves having power of a few watts 
(compared to kilowatt power of commer¬ 
cial stations) and simple home aerials, 
exchange greetings with fellow amateurs 
situated at long distances (Figure 1). This 
led to the rediscovery of reflection of 
radio waves from the ionized regions, 
which was postulated as early as 1902, 
after the transatlantic communication by 
Marconi between Cornwall in England 
and Newfoundland in Canada. 

Wireless communication was used for 
supplementing submarine cable service. 
Transmitters then sent out very long 
waves of wavelengths between 12,000 
and 30,000 m from extended aerial sys¬ 
tems. The oscillations were then produced 
by Herzian waves, which being highly 
damped were not only wasteful but also 
unsuitable for tuning. Improvements of 
spark gaps minimized damping and later 
led to continuous oscillations by triodes. 
Attempts were then made to develop wire¬ 
less telephony, i.e. transmission of speech 
as opposed to dot and dash transmission. 

The triode and its modifications then 
led to its applications in diverse fields 
like education, entertainment, transport, 
medical therapy, defence and research. 



Figure 1. The variation of field strength 
with wavelength at a distance of 4000 km 
from the transmitter. Curve I was deduced 
from Austin-Cohen formula for long 
wavelengths. Curve II was discovered acci¬ 
dentally by amateurs, showing strong field 
strength for short waves at such a dis¬ 
tance. 

Return to Calcutta 

After returning to Calcutta, Sisir Kumar 
was appointed the Khaira Professor of 
Physics, the third chair in the physics 
Department of the University College of 
Science, Calcutta University. Of the other 
two chairs the Pal it Professor chair was 
occupied by C. V. Raman, who was the 
Head of the Department, and the Ghose 
Professor chair was held by D. M. Bose. 
Mitra thus became a member of the galaxy 
of scientists of great eminence of Calcutta 
University. Sir Asutosh Mukherjee died 
in 1924, probably before Mitra received 
any help from him in his research project 
of radio wave communication. The teach¬ 
ing of wireless was introduced by him 
in the M Sc physics course as a special 
paper and in 1925, he set up the Wireless 
Laboratory for practical work. 

Atmospherics 

A short resume of the work carried out 
by Mitra on atmospherics is given below^. 

Radio reception is sometimes spoiled 
by noises. Some of these noises are trace¬ 
able to faults in the receiver, damaged 
grid leak, tight coupling of high-frequency 
coils or a run-down battery. But even 
with a very good receiver there are noises 
which cannot be ascribed to any fault in 
the receiver. These noises, commonly 
known as static, can be broadly divided 
into two classes. The man-made static, 
which is due to disturbances set up by 
electrical appliances (electric motor with 
sparking bmshes, tramcars giving sparks 
at supply lines, neon sign, etc.) and reach- 
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ing the receiver through the supply mains. 
Noises do not generally travel long dis¬ 
tances in the air. A sparking motor, for 
instance, produces a crackling and hum¬ 
ming noise in a receiver operated from 
the same supply mains even when the 
set is situated at a distance of 1 km. It 
does not, however, affect a receiver at a 
distance of 50 m if the latter is not con¬ 
nected to the same supply mains. The other 
class of noises, called atmospherics, are 
due to natural electrical disturbances in the 
atmosphere finding their way to the receiver 
through the aerial. One of the sources of 
atmospherics is thundercloud. 

The top and the bottom of a 
thundercloud are charged with opposite 
kinds of electricity. When the electric 
tension due to these charges is high, a 
discharge passes. It becomes the source 
of highly damped electrical oscillations, 
producing grinding and hissing noises in 
the receiver. The essential difference 
between these oscillations and those sent 
out from a broadcast transmitter is that 
while the latter occur with perfect 
regularity and a definite periodicity, i.e. 
they can be tuned and produce continuous 
waves, the former occur regularly but 
with no fixed periodicity. They cannot 
be tuned and produce separate shocks in 
the receiver. 

Some of the atmospherics occur in 
groups, i.e. a number of short-lived 
oscillations rapidly succeeding one 
another. There are others which occur 
singly. The former produces the charac¬ 
teristic grinding or hissing noise and the 
latter clicks in the loudspeaker. 

The effects of atmospherics can be 
minimized by employing very high signal 
strengths and using short waves. 

Mitra built experimental equipment for 
atmospherics and investigated in the field 
for a number of years. 

Broadcasting from Wireless 
Laboratory, Calcutta University 

While developing teaching facilities at 
Calcutta University, Mitra took active in- 

*The term radio for wireless was first used 
by the International Wireless Telegraph Con¬ 
vention in Berlin on 3 November 1906. How¬ 
ever, with the advent of broadcast in the early 
twenties, the term radio began to be used by 
other countries. 

^The extension of the pulse technique to the 
range of nearer objects by radar is carried out 
by production of pulses of extremely short 
duration and by packing sufficiently high ener¬ 
gy within a pulse. 


terest in developing broadcasting in India. 
The first broadcast transmitter in the 
country was installed in Calcutta in 1923 
by a private firm called the ‘Indian States 
and Eastern Agency’. A society called 
the ‘Radio* Club of Bengal’, bringing 
out a journal Radio, was formed for 
awakening interest and disseminating 
knowledge in the field. Mitra became a 
member of the club and took active in¬ 
terest in its activities. The club had a 
transmitter at Dalhousie Square in Central 
Calcutta and used to broadcast program¬ 
mes every evening. Mitra constructed 
another transmitter in his Wireless 
Laboratory having the call sign 2BZG. 
For some time these two transmitters 
were broadcasting regular programmes in 
the eastern part of India. With the for¬ 
mation of the Indian Broadcasting Com¬ 
pany in 1927, these two amateur stations 
were closed down. In 1930, this company 
went into liquidation and the Government 
of India was urged to continue the work, 
which was done in 1932 under the name 
‘Indian State Broadcasting Service’. It was 
later designated as the ‘All India Radio’. 

Ionospheric studies at Calcutta 

Since the mid-1920s, researches on the 


conducting upper atmospheric region, the 
ionosphere, had been proceeding 
vigorously in different parts of the world. 
Mitra desired to take ionospheric obser¬ 
vations at Calcutta and felt that such 
observations would be of special sig¬ 
nificance. Ionospheric studies originated 
in England and the United States, which 
are situated at high latitudes. The condi¬ 
tions of the ionosphere in a subtropical 
region, like that of India, would differ 
considerably from those of high latitude, 
in particular, with regard to the effect of 
thunderstorms, magnetic storms, etc. 

Under the guidance of Mitra, Rakshit^ 
estimated the field strength and broadcast 
coverage (Figure 2) of the medium-wave 
Calcutta transmitter of the Indian Broad¬ 
casting Company. He also measured the 
height of the E-layer^, only a few years 
after its detection by Appleton in 1925, 
by the CW method introduced by Ap¬ 
pleton and Barnett^ and also by the pulse 
method^ of Breit and Tuve^^\ For the 
CW method the transmitter used was that 
of the Indian Broadcasting Company. The 
receiver, which was of a reaction type, 
was kept at the residence of Mitra, at a 
distance of about 30 km. 

Mitra’s associates actually observed that 



Figure 2. Radio field strength contour map for Calcutta. 
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at Calcutta the variation of ionization 
caused by the obliquity of the sun’s rays 
was' distributed in summer months by 
thunderstorms and increased abnormally 
the E-region ionization. It confirmed 
Wilson’s remark^ ^ that the electric field 
of a charged thundercloud is capable of 
affecting the ionosphere, either directly 
by discharge or indirectly by shooting up 
high-speed electrons. The abnormal 
daytime increase of ionization was related 
to thunderstorms and the nighttime 
increase to magnetic stormsLater on, 
in the mid-fifties, as will be shown after¬ 
wards, he along with Kundu obtained 
precise information on the effect of 
thunderstorms on the ionosphere. 

During 1932-1933, the Wireless 
Laboratory participated in the Second 
International Polar Year Programme, 
which was India’s first entry into inter¬ 
nationally organized science and kept 
regular records of the virtual heights of 
the E and F ionized layers of the upper 
atmosphere at various hours of the day, 
showing their seasonal and diurnal varia¬ 
tions at Calcutta. Instead of the fairly 
high power transmitters (Breit and Tuve^^^ 
used 7-10 kW power transmitter), the 
power of the pulsed transmitter at Calcuiui 
was brought down to 20 W with proper 
choice of aerials. Excellent work was 
done on the various properties of ionized 
layers - heights, maximum electron den¬ 
sities, magnetic splitting of F-layer and 
even layers occurring sporadically at 120 
and 180 km. 

Effects of solar radiations and 
meteors on ionized layers 

In August 1933 Mitra and his associates 
indicated that the E-layer ionization fell 
to a minimum value some 20 min after 
maximum occurrence of the centre of the 
eclipse. This indicates that the origin of 
the E-layer is due to solar UV radiations, 
although the 20-min lag is confusing (Fig¬ 
ure 3). 

Another agency for producing ioniza¬ 
tion of the upper atmosphere is its bom¬ 
bardment by meteors. Skellett’"^ showed 
that the energy received by the earth due 
to the impact of meteors during a meteoric 
shower could be 1/14th of that due to 
UV radiations from the sun. Schafer and 
Goodall^^ measured the height of the 
E-region during the Leonid shower of 
1931, and made the remark that the 
presence of meteors in unusual numbers 


could cause increased ionization in the 
region of lower ionization. Mitra^^ 
recorded the ionization content of the 
E-layer during the Leonid shower. Figure 
4 shows the results of observations carried 
out on the nights of 13, 14 and 17 
November 1933, between hours 2300 and 
0700. It showed that on the nights of 
November 13 and 14 the electron densities 
attained very high values, suggesting that 
the effect was due to the impact of 
meteors on the upper atmosphere. Neither 


the Magnetic Observatory at Colaba nor 
the Solar Observatory at Kodaikanal 
showed marked magnetic and solar dis¬ 
turbances or solar activities on these days. 

In addition to the characteristic features 
of different regions of the ionized regions, 
Mitra with his associates determined their 
origin, effective solar radiations, con¬ 
stituents contributing to them, etc., which 
showed that the progress of radio science 
under his leadership was rapid, extensive 
and multifaceted. 



CALCUTTA LOCAL TIME 

Figure 3. Depression of ion content of the E-iayer during solar eclipse. 



CALCUTTA LOCAL TIME 


Figure 4. The variation of electron content \yith Calcutta local time during 1933 
Lenoid shower. 
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Detection of the D-layer 

The existence of an absorbing region 
below the E-region was postulated by 
several workers in the early part of the 
1930 s, but there had been a tendency to 
discredit its existence. In a note in Nature* 
(ref. 17), Mitra and Syam^^ reported that 
they had been able to detect echoes front 
a virtual height of only about 55 km. li 
had been found that during the daytime 
there is a frequency band which is 
reflected from the E-region. The upper 
limit of the frequency band is due to 
penetration of the E-region and may be 
termed as the penetration limit. The lower 
limit, which may be termed as the ‘absor¬ 
ption limit’, is due to the absorption by 
the D-layer, which, on account of large 
collisional frequency, is strongly absorb¬ 
ing (Figure 5). Mitra and Bhar^^ further 
added that the D-region echoes are more 
frequent in the afternoon, at about 1600 h, 
then at noon. 

Dielectric constant of ionized air 

According to the classical Eccles Larmor’s 
theory^^ of radiowave propagation through 
the ionosphere, the presence of ions in 
air reduces the dielectric constant: 


where N^, e, m, co are the ion density, 
charge and mass of an electron, and the 
angular frequency of the wave, respec¬ 
tively. The higher the ion density, the 
lower is the dielectric constant and, hence, 
as radio waves pass from air to an ionized 
layer, the case becomes analogous to the 
passage of a ray of light from glass to 
air and bends away from the normal. 
However, experimental results give 
anomalous values for dielectric constant, 
sometimes equal to and at other times 
greater than, instead of being less than, 
unity. 

Mitra and his associates'^ measured the 
dielectric constant of an ionized medium 
by a Lecher wire system. The air con¬ 
tained in a glass tube was ionized by 
electric discharge and was placed between 
the Lecher wires with the length of the 
tube parallel to the wires. The Lecher 

*In the same issue of Nature, one finds two 
consecutive reports, ‘Return of radio waves 
from middle atmosphere’, one by Watson-Watt, 
Bainbridge-Bell, Wilkins and Bowen, and the 
other by S. K. Mitra. 


MHz 



Figure 5. Curve I gives the penetration 
frequencies of the E-layer with hour. Curve 
II shows the frequencies for which echoes 
from the E-layer first appear from the side 
of long waves at different hours. The 
vertical distance between the two curves 
for any hour gives the range of frequencies 
for which echoes are obtained from the 
E-layer. 

system was excited by an ultrashort-wave 
oscillator. The wavelength in the ionized 
air was measured on the wires by noting 
the positions of the bridge for resonance, 
and was compared with that measured in 
nonionized air. 

The most striking feature of the mag¬ 
netoionic theory is the phenomenon of 
double refraction. At the beginning, the 
phenomena did not receive adequate atten¬ 
tion from the experimental scientists. 
Working with a wavelength of 4 cm. 
(spark-generated), the Faraday effect was 
observed in ionized gas in the presence 
of a magnetic field and the rotation of 
the plane of polarization was explained 
as being due to double refraction. 

Formation of Radio Research 
Board in India 

In Great Britain and in its two dominions, 
Australia and Canada, radio research was 
encouraged and organized under the 
auspices of Government Boards and 
research work carried out with the 
cooperation of universities. The great 
progress made in the field in these 
countries could be attributed chiefly to 
official encouragement and assistance. 

While in England, Mitra called a meet¬ 
ing. A number of distinguished scientists 
and radio research workers in Great 
Britain, with E. V. Appleton as the guest 
of honour, met at London on 5th May, 
1936, at the invitation of Mitra and dis¬ 
cussed the necessity of forming a Radio 
Research Board in India. He pointed out 
that like other countries, India had its 


own radio problems concerning satisfac¬ 
tory transmission and reception of broad¬ 
casting, the solutions of which depended 
upon systematic researches carried out 
under ionospheric conditions in India. 
These cannot follow from the work carried 
out in other parts of the world. For 
example, the field strength of received 
signals at different times of the day and 
at different seasons of the year with 
different wavelengths and with different 
transmitting aerials were examples of 
problems of a local nature. If in the near 
future a Research Board or a Committee 
was formed in India to solve its own 
local problems, it would undoubtedly be 
of help not only to India but also to the 
international research workers. The mem¬ 
bers of the meeting strongly approved of 
the proposal of setting up a Radio 
Research Board in India. Subsequently, 
the Board was set up in 1942 by the 
Council of Scientific and Industrial 
Research of India with Mitra as its chair¬ 
man. 

Electron and atomic oxygen 
collisions 

Mitra et al?^ calculated quantum- 
mechanically the collision cross-section 
of atomic oxygen with slow electrons by 
Hartree’s numerical solution and obtained 
the cross-section. 

Q (O) = 3.30 - 3.72 x 10''“ cm^ 

in the temperature range 800-2000 K 
(Figure 6). In the F-region the electron- 
neutral collision is contributed mainly by 
the low-energy electrons and atomic 
oxygen atoms. Three years later. Bates 
and Massey^^ calculated this cross-section 
by using the Fock equation. Because of 
its importance, a large amount of work, 
both experimental and theoretical, in the 
field was carried out. It was shown by 
Ghosh and Sarkar^"^ that the discrepancy 
between experimental and theoretical 
values of collision frequency in the F- 
region, which is an order of magnitude, 
can be resolved by adopting the momen¬ 
tum transfer cross-section of atomic 
oxygen and slow electrons as obtained 
by Mitra et al and Bates and Massey"^. 

Night airglow research 

Taking advantage of the blackout condi¬ 
tion of the city of Calcutta during World 
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Figure 6. Cross-section of O atom for 
elastic collision with electrons. 

War II (1943-1945), Mitra asked his stu¬ 
dent, S. N. Ghosh, to take night airglow 
observations (previously called ‘the light 
of the night sky’). Ghosh fabricated a 
simple apparatus after Charles Fabry, con¬ 
sisting of a telescope with an objective 
having an achromatic lens of 4" dia, and 
57 cm focal length. In its focal plane a 
circular opening was placed. A single 
lens was used as the eyepiece in order 
to reduce the absorption of light. The 
eyepiece threw on the photographic film 
an image of the exit pupil of the objective, 
which received light from a solid angle 
of 1.5 X 10'^ radian of the sky. The cir¬ 
cular opening being in the focal plane 
of the objective, the image of the 
photographic film had uniform illumina¬ 
tion. The film holder could be moved up 
and down by a rack-and-pinion arrange¬ 
ment and different parts of the same film 
could be exposed at different times. 

Observations of night airglow emissions 
were started on the roof of Ghosh’s house. 
Diurnal variations of the intensity of 
airglow were recorded. Simultaneously, 
the electron densities (f^) of the F-region 
were measured by S. S. Boral at the 
Wireless Laboratory of the Science 
College. It was noticed that on some 
abnormal nights, the two variations 
followed the same trend and ran appro¬ 
ximately parallel to each other (Figure 
7). This supported the hypothesis that 
night airglow emission could also be 
produced by ionization of atmospheric 



LOCAL TIME 

Figure 7. Correlation of the F-layer 
ionization with night sky intensity on the 
night of 15-16 February 1945. 

constituents and subsequent recombina¬ 
tion as proposed by Mitra and Ghosh^^. 
Previously, it was thought that emission 
was caused only by dissociation of atmos¬ 
pheric molecules by solar ultraviolet rays 
and then by recombination of the dis¬ 
sociated atoms as given by Chapman 
(1931): 

O^ + hv -> 0 + 0(X < 1750A) 

0 + 0 + 0 -+ 0, + 0('S) 

0('S) 0(¥) + ;!V(5577A). 

As pointed out by Mitra and Ghosh, 
it is now believed that instead of the 
main night airglow emission region 
around 95 km, 6300 A emission occurs 
from the F-region and is caused by the 
following reaction^^: 

O^ + hv 02 + e(X < lOlSA) 

02 + e 0(¥) + (‘D) 

O (’D) O (^P) + hv (6300 A) 

Active nitrogen 

Mitra^^ proposed an ionic theory for the 
production of active nitrogen wherein the 
glow persists for a considerable time even 
after the discharge is turned off. ions 
and electrons produced in a tube con¬ 
taining N 2 under strong discharge are 
neutralized mainly in the volume by a 
three-body reaction which is necessarily 
a slow process: 

-h e -f M N 2 (B-state) -h M (excited). 


The characteristic Lewis-Rayleigh 
afterglow due to 1st positive band (B-A 
transition) of N 2 is produced. M is the 
third body, which takes up the excess of 
energy and momentum. The walls of the 
discharge tube are so conditioned by the 
formation of an adsorbed layer (probably 
N 2 ) that only a small fraction of the 
impinging electrons attach themselves to 
the walls to form an electron surface 
charge. The neutralization of ions and 
electrons on the surface, which is a fast 
process, is thus prevented. 

Criticism against the ionic theory was 
made on the basis of experimental results, 
which showed that ions are not present 
in sufficient number in the glowing gas 
of active nitrogen. Mitra^^ then proposed 
a metastable atom theory for active 
nitrogen as given below: 

N atoms are produced by dissociative 
recombination, which has a very high 
probability of ions (which is always 
associated with glow) and electrons: 

-F e N (excited) + N (excited). 

The active substance in the Lewis- 
Rayleigh afterglow is a mixture of N 
atoms in the ground state and in the 
metastable state (2.37 eV) and ^P (3.45 
eV). Mitra showed that this theory gives 
satisfactory explanation not only of the 
long life and emission characteristics of 
Lewis-Rayleigh afterglow but also of its 
important properties, such as invaluable 
presence of ionization in the glow. 

Upper atmospheric neutral atmos¬ 
pheric model 

Mitra^^ established a neutral atmosphere 
model and incorporated it in his book 
on upper atmosphere. At the time of 
launching Sputnik I on 4 October 1957, 
the Russian space scientists found that 
this is the only reasonable atmospheric 
model they could use for calculating the 
lifetimes of satellites. 

The work of Mitra and his associates 
on ionosphere was so significant that it 
drew appreciation from leaders in the 
field all over the world. H. S. W. Massey 
remarked: To talk of ionosphere in Cal¬ 
cutta is to carry coal to Newcastle’. 

Geomagnetic control-Appleton 
anomaly 

While analysing F 2 ionization over the 
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globe, Appleton observed that on either 
side of the geomagnetic equator at 28“ 
magnetic dip, F 2 ionization peaks occur 
(Figure 8). Mitra^^ presented an explana¬ 
tion of this curious phenomenon. He 
pointed out that as the F 2 -region is situated 
where fringe region of the atmosphere 
begins, electrons and ions produced by 
solar ultraviolet rays have long free paths 
due to very low collisional frequency of 
the region. They move freely in a spiral 
manner around the magnetic lines of force 
and, at the same time, are guided by 
them. From the magnetic equator, where 
these lines of force rise highest, they 
slope down towards north and south. On 
coming to the F 2 -region height, they con¬ 
tribute to its ionization density, producing 
peaks on either side of the magnetic 
equator. 

Upper atmospheric ionization by 
thunderstorms 

Like solar radiations and meteoric 
showers, one may expect that 
thunderstorms also can cause ionization 
of upper atmospheric constituents. Mitra 
and Kundu^^ obtained precise information 
on the effect of thunderstorm on the 
ionosphere by conducting observations 
during nor’wester, which is a special 
weather feature of Bengal during the pre¬ 
monsoon period, when lightning dischar¬ 
ges become frequent. They observed 
intense sporadicas large as 10 MHz, 
with the approach of squall from the 
pre-squall value of 3.5-5 MHz (Figure 9). 
It may, however, be pointed out that 
thunderstorm-induced ionization is not yet 
properly understood. 



North South 

Magnetic dip angle 

Figure 8. Peaks of ionization on north 

and south of magnetic equator. 


Publication of the upper atmos¬ 
phere book 

Mitra’s famous book, entitled Upper At¬ 
mosphere, was published in 1947 by the 
Asiatic Society of Bengal. The idea of 
writing such a book came to him since 
writing a detailed account of ionospheric 
research entitled ‘Report on the Present 
State of Knowledge of the Ionosphere’, 
in the Proceedings of National Institute 
of Science of India in 1935, which 
formed the opening address of a Sym¬ 
posium. 

The book was highly appreciated by 
atmospheric scientists all over the world. 
The Nobel Prize winner Sir E. V. 
Appleton’s remark was as follows: 

‘It is the first heroic attempt to put 
together in a single volume the results 
of investigation in many different fields 
- all connected directly or indirectly with 
the upper atmosphere. The book was a 
Bible for research workers on upper 
atmosphere’. 

Again, J. A. Ratcliffe remarked: 

‘The range of the book is so wide and 
an understanding of the subject depends 
on so many of the fundamental principles 
of physics that its writing requires an 
author with unusually sound knowledge 
of physics’. 

The enlarged second edition was pub¬ 
lished in 1952. Within two years of the 
publication of this edition, the book was 
translated into Russian. It has been con¬ 
sidered as a major reference book on the 
upper atmosphere, geomagnetism and 
their characteristics. 



I. S.T 

Figure 9. Increase of sporadic E ioniza¬ 
tion during the incidence of nor’wester 
type of thunderstorm at Calcutta. 


Establishment of the Institute of 
Radio Physics and Electronics 

In 1944 Mitra participated in a scientific 
mission to UK and USA under the leader¬ 
ship of Sir Staford Cliffe. Other eminent 
scientists, like M. N. Saha, S. S. Bhat- 
nagar, J. N. Mukherjee and others, were 
also included in the mission. This trip 
enabled Mitra to be familiar with the 
tremendous development in electronics 
and radio physics and microwaves during 
the War. He felt that the developments 
were too extensive to be covered within 
physics or applied physics syllabus as an 
elective paper of the University of Cal¬ 
cutta, rather they should be considered 
as an independent discipline. In 1946, 
Mitra made a proposal to the University 
of Calcutta to set up a separate 
postgraduate department by combining 
Wireless Laboratory of Pure Physics 
Department and Communication Engi¬ 
neering Laboratory of Applied Physics 
Department of Calcutta University. The 
proposal was accepted and the Department 
of Radio Physics and Electronics was 
established in April 1949 after receiving 
grants from Governments of India, West 
Bengal, and aid from Calcutta University. 
The availability of a huge stock of ex¬ 
cellent electronic instruments from war 
surplus at a nominal price of about 1% 
of the cost, made it easy to equip the 
laboratories. It has now grown into a 
national centre of excellence and is one 
of the foremost institutes of its kind in 
India. In 1962 the University Grants Com¬ 
mission, out of tradition and promise, 
earmarked it as one of the first five 
centres of advanced studies of research 
work in India. 

The involvements of the Institute during 
the International Geophysical Year (IGY) 
and International Quiet Sun Year (IQSY), 
were significant. 

Establishment of Haringhata field 
station 

To avoid electrical disturbances and for 
widening the scope of ionospheric inves¬ 
tigation and radio astronomy, Mitra set 
up a field station at Haringhata, at a 
distance of 50 km from Calcutta. In this 
station the automatic ionospheric recorder 
donated to him by CSIRO, Australia, was 
installed. The field station was commis¬ 
sioned in the middle of 1955. 

Based on the ionograms obtained with 
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Night-sky emission and region F ionization* 



In the theory of emission of the night- 
sky spectrum recently proposed by me, 
the region F of the ionosphere is iden¬ 
tified as the luminescent layer^ The 
characteristic night-sky spectrum in the 
visible region consisting of the 
first-positive and the Vegard-Kaplan 
bands of N 2 and the auroral green and 
red bands of O are supposed to be 
emitted by the following reaction: 

NJ + O" Nj (excited)+ O (excited), 

The energy released in the process of 
neutralization by electron transfer is 
given by the ionization potential of N 2 
(15.58 eV) less the electron affinity of 
O (2.2 eV). This energy is taken up 
almost entirely as energy of excitation 
of N 2 to the state (v' = 9; 9.1 eV) 
and of O to the state (4.2 eV). (There 
is some uncertainty about the value of 
the electron affinity of O. While Lozier^ 
gives the value as 2.2 eV, recent ex¬ 
periments of Vier and Mayer^ yield the 
value 3.0 eV. But even with the latter 
value there is sufficient energy available 
for raising N 2 to a high vibrational level 
of if account is taken of the kinetic 
energy of the colliding particles.) Accor¬ 
ding to the theory, therefore, one would 
expect a positive correlation between 
variation of the night-sky intensity and 
variation of the electron content of 
region F. Prolonged observations on the 
intensity of night-sky emission and on 
the region F ionization density (square 
of penetration frequency /p) do show 
unmistakable correlation in respect of 
long-period variations of the two, for 
example, seasonal variation and eleven- 
year solar cycle variation"^^. 

For the case of short-period nightly 
variations, however, one would not ex¬ 
pect too close a correlation between the 
two. This is because the nightly variation 
of/p^ may not correspond to the variation 
of the total electron content of the region, 
on which the latter, obviously, the inten¬ 
sity of night-sky emission, depends. 
Thus the total number of electrons in 
a column of unit cross-section may 


*Reprinted from Nature, 1945, 155, 786. 


remain constant or even decrease, but 
may show an increase due to con¬ 
traction of the layer as a whole by 
cooling. Again, the decrease in due 
to recombination proceeds much faster 
than the decrease in the total electron 
content due to the same cause. 

There are, however, ‘disturbed’ nights 
on which /p, as also the intensity of 
the night sky, vary abnormally. On such 
nights the variation of follows the 
variation of the electron content of the 
region as a whole and, as such, one 
may expect a positive correlation 
between the two. This is precisely what 
has been found, and furnishes evidence 
in support of the theory. Taking advan¬ 
tage of the black-out condition in the 
city, Mr S. N. Ghosh (Adair Dutt Re¬ 
search Scholar) has, for some time past, 
been keeping in my laboratory records 
of night-sky intensity variation on dark 
clear nights on which /p records were 
also being kept. It was found that on 
undisturbed nights on which the night- 
sky intensity shows a typical variation, 
also does the same, the two variations 
not necessarily following each other. On 
disturbed nights, however, on which 
exhibits abnormal variations, the 
night-sky intensity also varies abnor¬ 


mally, following the same trend. The 
accompanying figure depicts two such 
variation curves. It will be seen that 
they run approximately parallel to each 
other. 

The night-sky intensity was measured 
photographically without any filter in 
the region 6" above the pole star. The 
photographic records were measured by 
a Moll microphotometer. 
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Return of radio waves from the middle atmosphere* 


Prof. Colwell and Mr Friend ‘ state that 
from results of experiments conducted 
by them they have been led to believe 
that, besides the usual E and F regions 
of the ionosphere, there is a third 
region - the D region - at a height of 
50~55 km. They further say: ‘Such a 
layer has been postulated before as an 
absorption layer in the ozone region, 
but its reflecting powers have not been 
emphasised’. 

I would like to point out in this 
connection that the formation, during 
daytime, of a region of ionization much 
lower than, and distinct from, the usual 
Kennelly-Heaviside region has already 
been postulated by us, both from the 
consideration of the weakening and com¬ 
plete disappearance of E-echoes on the 
long-wavelength side due to absorption 
by this region (as compared with that 
due to penetration on the short- 
wavelength side) and from the evidence 
of echoes which have been detected by 
us from an equivalent height of about 
55 km^’ These points, as well as the 


*Reprinted from Nature, 1936, 137, 867, 


condition under which reflection may 
take place from such low heights, have 
been amplified and discussed by Mr P. 
Syam, working under my direction"^. The 
possible connection of this ionized 
region with the ozonosphere--though 
this latter is now known to be at a 
height much lower than 55 km - has also 
been mentioned. I may also add that 
Mr J. N. Bhar, working in my laboratory 
at Calcutta, has recently reported having 
observed echoes from heights much 
below 55 km. 

Prof. Colwell and Mr Friend believe 
that they have obtained echoes from 
well within the tropospheric regions. It 
is doubtful if such echoes, if they were 
observed, were due to the same 
mechanism as envisaged by the Eccles- 
Larmor theory. At such heights the col- 
lisional frequency is very high, and, for 
the wave frequency employed by these 
authors, an enormous electron concentra¬ 
tion is necessary to bring down the 
effective dielectric constant to a zero 
value. Such a high degree of ionization, 
if it existed, could scarcely have been 
missed by those who carry out direct 
observations in these regions by 


aeroplanes or balloons. 

It should be noted here that, according 
to English workers, the weakening of 
E-echoes, during day-time, is due to 
absorption in a non-deviating region (as 
distinguished from the deviating region 
of maximum electronic density at a 
higher level) of the Kennelly-Heaviside 
layer^. The ionized region postulated by 
us at a much lower height—which under 
suitable conditions reflects radio 
waves—is distinct from this region. To 
avoid confusion I propose that this new 
region of ionization be called the C 
region. 
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the help of this ionosonde, some important 
contributions to sporadic E and sporadic 
F were made. Round-the-clock observa¬ 
tions of ionospheric characteristics were 
made. In the course of time, in addition 
to the Australian ionosonde type C 2 , 
American Recorder was received on per¬ 
manent loan from the Department of Com¬ 
merce, USA. The field station forms part 
of the worldwide network of ionospheric 
stations and transmits data to world data 
centres through the Radio Science 
Division of National Physical Laboratory, 
New Delhi. 

Broadcasting for mass education 

Mitra advocated the use of broadcasting 
as a means of spreading mass education 
and disseminating information to villagers 
regarding health, agriculture, food produc¬ 
tion, etc. In his Presidential Address in 
Mathematics and Physics Section of the 
Science Congress in 1934, he mentioned 
that the USSR utilized the regional 


scheme of broadcasting for these purposes 
by installing communal receivers in vil¬ 
lages. He pointed out that the Indian 
Government should adopt similar means, 
the ultrashort waves below 10 m being 
extremely useful for such purposes. As 
the area covered by such waves would 
be strictly local and could be easily regu¬ 
lated, there would be no interference with 
the neighbouring district programmes. The 
aerial system would be simple and inex¬ 
pensive. No disturbance would be caused 
to atmospherics. Also, since upwardly 
directed short waves would pierce the 
ionosphere at all possible angles of inci¬ 
dence, there would be no fading. From 
district towns radiations would be sent 
out from standard transmitters and village 
schools would be the home for the stand¬ 
ard communal receivers. The cost of main¬ 
tenance of such a scheme of broadcasting 
system would be insignificantly small 
compared to the benefits accruing out of 
it. 

Mitra also advocated space research in 


his Presidential Address to the Indian 
National Science Academy in 1955 and 
pointed out that in India there were enthu¬ 
siastic research groups for upper and outer 
atmospheric research. They could formu¬ 
late research problems clearly and design 
the necessary instruments with economy 
of space in satellites of other countries 
to carry out research. Also, high-altitude 
rocket research programmes, which had 
been carried out successfully by countries 
other than USA and USSR, could be 
undertaken. Expenses would be commen¬ 
surate with the results obtained. He sug¬ 
gested that the CSIR of India should give 
serious consideration to space missions. 
There were many problems that could be 
tackled, namely the source of heat supply 
to high-temperature regions of the outer 
atmosphere, geophysical phenomena con¬ 
trolled by the Sun and the magnetic field 
of the Earth, the magnetic storm charac¬ 
teristics and their relation to the radiation 
belts, etc. 

Mitra’s dream came true immediately 
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after his death. India set up rocket and 
satellite launching stations near the 
geomagnetic equatorial line and a large 
number of rockets and satellites were 
fired, bringing invaluable information of 
the upper atmosphere and from the space 
beyond. 

Personal character 

Mitra was a skilled experimentalist and 
a resourceful administrator. He was an 
erudite public speaker and an inspired 
teacher. His voice went on ringing in the 
ears of his students long after the lecture 
was over. 

In all Mitra’s efforts his perfectionist 
motivation used to work. Whenever he 
undertook a work, he tried to accomplish 
it in a neat, beautiful and perfect manner. 
In case of writing something he used to 
correct the draft many times until every 
word of it had been rightly chosen and 
properly placed. His writing of the book 
on upper atmosphere bears a testimony 
to the above fact. He used to employ 
his research scholars to collect information 
on selected topics of the book, such as 
ionosphere, ozonosphere, aurora, and then 
ask them to write them out in connected 
forms. He used to change the writings 
many times, make corrections and 
modifications. Finally, the end-product 
came out extremely good in all respects. 

In the biographical memoir of the 
Fellows of the Royal Society, London, 
Ratcliffe wrote: 

‘Mitra was held in high regard by those 
who had the opportunity of knowing him. 
They were impressed particularly by his 
devotion to duty, his meticulous obser¬ 
vance of rules and his concern for 
precision and perfection in speech and 
writing. These characteristics were empha¬ 
sized by his neat appearance and bearing 
and by his perfect manners on all 
occasions’. 


Sisir Kumar Mitra died on August 13, 
1963. 

Appendix: Awards, prizes and 
distinctions 

Numerous awards, prizes, distinctions, etc., 
were bestowed upon Mitra, as given below: 


1. 

1935 

(i) King George V Silver 
Jubilee Medal 



(ii) Foundation Fellow of 
National Institute of Science 
(now called Indian National 
Science Academy) 

2. 

1943 

Joy Kissen Mukherjee Gold 
Medal of the Indian Associ¬ 
ation for the Cultivation of 
Science, Calcutta 

3. 

1943 

Governor of Rotary Club, 
Calcutta 

4. 

1943-48 

Chairman, Radio Research 
Committee of CSIR, 
Government of India 

5. 

1951-52 

President, Asiatic Society of 
Bengal 

6. 

1955 

General President, Indian 
Science Congress 

7. 

1956-58 

President, Indian Science 
News Association 

8. 

1958 

Fellow, Royal Society of 
London 

9. 

1959-60 

President, National Institute 
of Science, New Delhi 

10. 

1961 

Sir Devaprosad Sarbadhikary 
Gold Medal of Calcutta 
University 

11. 

1962 

(i) Padmabhushan from 
Government of India 



(ii) National Professor from 
Government of India 
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INDIAN SCIENCE CONGRESS ASSOCIATION 

Announcement for Awards: 1995-96 

(i) Dr B. C. Deb Memorial Award for Soil/Physical chemistry 

(ii) Dr B. C. Deb Memorial Award for Popularization of Science 

(iii) Prof. R. C. Shah Memorial Lecture, and 

(iv) Prof. Umakant Sinha Memorial Award 

Nominations are invited from Members of ISCA Council and Heads of Universities/IITs, 
Research Institutes and Learned Societies for the above awards. Each award carries for 
SI. No. (i) to (iii) a cash amount of RsSOOO and a plaque and for SI. No. (iv) a cash 
amount of Rs 4000 and a certificate. The last date for submitting nominations for all 
the awards is 31 July 1995. The details of the awards are as follows: 

For (i) A candidate must be below 45 years on 31 December 1994 and must have 
a PhD degree in any branch of Soil/Physical Chemistry. He/She must have published 
outstanding research papers in any branch of Soil/Physical Chemistry, either inde¬ 
pendently or as a research guide. The award will be made on the basis of work done 
in India during the last five years. The awardee will be required to deliver a lecture 
on the subject of his/her contributions during the Annual Session of the Indian Sciepce 
Congress in the Section of Chemistry. 

For (ii) A candidate must be below 45 years on 31 December 1994 and must be an 
Indian national with a science/technology degree having sustained interest for popularizing 
science as evidenced by publications. The awardee will be required to deliver a lecture 
on the topic of his/her contributions during the Annual Session of the Indian Science 
Congress m the Committee on Science and Society. 

For (iii) A candidate must be below 45 years on 31 December 1994 with notable 
research contributions in the field of organic, pharmaceutical and biological chemistry either 
independently or under his supervisor in India. The Lecturer will be selected on the 
basis of work done in India during the last five years. The Lecturer will be required 
to deliver a lecture on the subject of his/her contributions during the Annual Session 
of the Indian Science Congress in the Section of Chemistry. 

For (iv) A candidate must be below 40 years on 31 December 1994 and must have 
Ph D degree in any discipline of Plant Sciences related to Biochemistry, Biophysics & 
Molecular Biology. The award is to be given on original independent published work. 
The awardee will be required to deliver a lecture on the subject of his/her specialization 
during the Annual Session of the Indian Science Congress in the Section of Biochemistry, 
Biophysics & Molecular Biology. 

For prescribed proforma of nomination forms and necessary information, please write 
to the General Secretary, Indian Science Congress Association, 14 Dr Biresh Guha Street, 
Calcutta 700 017. 
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Ill this issue 


Genetics in understanding 
anaesthesia 

Serious limb injuries are a gruesome 
side-effect of the gruesome business 
of war. Excavations of ruins from 
ancient cultures in Central America 
and historical evidence from China 
and India strongly suggest that bone¬ 
setting, surgery and amputation were 
not unknown. In the Western world, 
the science of surgery developed by 
barbers being called upon to extend 
their practice from removing hair to 
slicing off arms and legs of warriors. 
While surgeons sharpened their 
knives and honed their skills with 
each war, they were usually re¬ 
garded as mean characters; their Job 
involved the screaming patient being 
held down and sliced. The absence 
of antibiotics and sterile conditions 
meant a good chance of death. 
Moreover, the intense pain of the 
surgery made the farewell to life a 
rather unpleasant process. Even 
rather minor forms of surgery such 
as pulling out a tooth, though less 
likely to result in death, caused great 
pain during the surgery (dentists do 
not care too much about the pain 
after they do their job, they just 
do not want to peer inside your 
mouth with a pair of pliers when 
they are being kicked in sensitive 
areas). 

The discovery of anaesthetics such 
as ether and nitrous oxide (along 
with the widespread use of antibiot¬ 
ics) changed surgery and our world¬ 
view of surgeons. The Greek, 
Paracelsus, used ether to knock out 
animals, but this information was 
not used in surgery till much later. 
On 30 September 1846, Harold 
Wells, a dentist, applied ether to 


himself and got a tooth pulled out in 
Harvard Medical School in the 
United States of America. He was 
assisted by a chemist from Harvard 
University. A few years later Wil¬ 
liam Morton, also in the United 
States, used nitrous oxide as an 
anaesthetic during surgery. William 
Halstead, who helped greatly in the 
development of Johns Hopkins Uni¬ 
versity Medical School, was one of 
the pioneers in developing mastec¬ 
tomy and injected cocaine during his 
operations. Apparently he used the 
drug on his patients and on himself 
too. 

How do anaesthetics act? Do all of 
them act the same way? Do they all 
affect the same process? These 
questions have remained unan¬ 
swered for long largely because they 
were intractable. Biochemical ap¬ 
proaches were difficult to link to 
physiology and physiological studies 
provided few molecular handles. 
Genetic approaches to the study of 
the mechanism of action of anaes¬ 
thetics promise to remedy this situa¬ 
tion. Pigs are very similar in their 
physiology to humans and the genet¬ 
ics of anaesthetic action has made 
great progress using this animal 
system. The lowly nematode worm 
has also contributed to our under¬ 
standing as has the fruit fly Droso¬ 
phila melanogaster. Studies on 
anaesthesia in flies were pioneered 
by K. S. Krishnan and Howard Nash 
and in this issue Mir and Krishnan 
(page 1214) review the progress in 
this exciting new area. They discuss 
humans, pigs, worms and flies and 
show how anaesthetics probably act 
on the nervous system in very simi¬ 
lar ways in these diverse organisms. 
Another example of how many 


things are very similar even when 
they are very different. 

K. VR 

Ending a debate 

The proposal to establish a National 
Science University following an NRI 
initiative has elicited considerable 
comment in the pages of this jour¬ 
nal. The premise that higher educa¬ 
tion in science is in a state of crisis 
and that research institutions in 
India are decaying was forcefully 
stated in the original proposal. Es¬ 
tablishment of a new institution 
governed by a new set of rules, with 
substantial governmental inputs, was 
suggested as a solution in the origi¬ 
nal proposal, which also held out the 
promise of eventual privatization. In 
the correspondence received by this 
journal, there were few supporters of 
the NSU concept, although many did 
agree with the damaging assess¬ 
ments of the Mahajan proposal.- 
This issue wraps up the National 
Science University debate in a spe¬ 
cial section, which features a range 
of opinions and includes a rejoinder 
by one of the main proponents of the 
NSU (P. N. Srivastava, page 1190). 
The report of the committee set up 
by the government to ‘concretize’ 
the NSU proposal is also reproduced 
(page 1191). Irrespective of one’s 
views on the NSU, there is little 
doubt that the proposal has stimu¬ 
lated a great deal of introspection on 
the state of science in India. This 
must augur well for the future. 


P. B. 
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Editors’ note 


Wearing coloured glasses and sitting on the 
fence 

In an extraordinary commentary authored by its 
science editor, R. Ramachandran, The Economic 
Times (10 June 1995) has accused the editors of 
this journal of 'condoning plagiarism’ and advocat¬ 
ing 'cut and paste research’ in their treatment of 
the 1983 R. Vijayaraghavan paper on 'Magnetic 
behaviour of RRh 3 B 2 ternary borides’ (Curr. Sci., 
Vol. 68, No. 10, 25 May 1995). Using selective 
quotations from the editorial, the editors’ note and 
a private letter from the editors to the individuals 
concerned, the Economic Times charges the editors 
of Current Science with 'viewing plagiarism 



through coloured glasses’ and labels the journal as 
a 'fencesitter’. 

While we do not wish to be involved in a pro¬ 
longed controversy on this issue, we would like to 
emphasize that we view charges of plagiarism and 
unethical practices seriously and at no stage was it 
our intention to 'condone’ unacceptable practices. 
We intend to be vigilant, but this is a task in which 
we seek the support of authors, reviewers and 
readers. In the specific case at issue, letters from 
all concerned parties were sought and printed, after 
prolonged correspondence, following which we 
have decided to decline further communication on 
this particular paper. 

It is not the function of this journal to pass 
judgements on such cases after 'appointing inquiry 
committees’; that is the job of administrators of 
scientific institutions. In all such situations, those 
accused of misconduct must be given a fair chance 
to present their cases before an impartial and prop¬ 
erly constituted group of peers. Journal editors can 
hardly arrogate to themselves the powers of such a 
body. Publication of relevant correspondence from 
all concerned allows the readers to come to their 
own conclusions. This is precisely the course fol¬ 
lowed by Current Science. 

P. Balaram 
S. Ramaseshan 
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Want more, not less 

I was shocked to read M. S. Hegde’s 
complaint {Curr. Sci., 1995 68, 486- 
487) that too many pages were being 
devoted to history of science and related 
topics. I am also a regular peruser of 
Current Science and I am grateful to the 
journal for the ‘little’ I get by way of 
history of science. Hegde’s comment 
that the history of science presented in 
the journal ‘is not all that relevant to the 
present day science’ makes me wonder 
as to what criteria of relevance he has in 
mind. In my view, a scientific theory 
which acquires relevance solely in terms- 
of its ‘current’ interest is likely to be 
only too fashionable and fail to endure 
the test of time. In a country where his- 
tory of science in general and history of 
science in India in particular is just 
making its headway, we need more ma¬ 
terial on our past, be it remote or recent. 
As for quality, I do see the need for 
improvement but I believe that this can 
come about only through positive sup¬ 
port and encouragement. I hope that the 
journal will continue to publish good 
quality articles on both science and 


science-related disciplines (like history 
and philosophy of science) and not suc¬ 
cumb to the pressure of intellectual 
myopia. 

M. G. Narasimhan 

303, 9th Main 
Hanumanthanagar 
Bangalore 560 019, India 


Neglected science 

Gadagkar (Observational study of ani¬ 
mal behaviour, Curr. Sci., 1995, 68, 
185) rightly points out that ethology is a 
neglected branch of science in India but 
should have attracted more attention 
than molecular biology. He also states, 
wrongly (I am afraid), that higher 
mathematics must be made compulsory 
even for biology students, apparently in 
order to grapple with the intricacies of 
mathematical ecology. But such a 
course would smash a person like Salim 
Ali, the doyen of Indian ornithology, 
who writes in his autobiography how he 


broke down under pressure of mathe¬ 
matics. We need dedicated field watch¬ 
ers to unearth new hard data some of 
which can be further worked out by 
mathematical ecologists. 

So, the right thing to do would be to 
publicize the importance of ethology 
and ecology (including chemical eco¬ 
logy, another neglected discipline in 
India) in the biology syllabus from 
school level onwards and to encourage 
biology studehts to go for optional spe¬ 
cial courses in mathematics or biochem¬ 
istry (or both). These attempts can only 
slightly counter the tide of students who 
follow the fixed idea of society at large, 
namely the best lot opts for physics, the 
medium rank goes in for chemistry and 
the ‘dregs’ settle for zoology and bot¬ 
any. Only recently has molecular biol¬ 
ogy been accepted as a glamourous 
subject and wildlife biology is becom¬ 
ing a fashion too. Fashion, alas, rules 
the world. 

R. L. Brahmachary 

Flat 10 

21B Mati Jheel 
Calcutta 700 074, India 


More comments on the NSU and related matters 


The proposal for a national science 
university (NSU) is unique in that it has 
attracted criticism from a wide spectrum 
of Indian scientists, ranging from 
iconoclasts to science mandarins. Per¬ 
haps the former see in Mahajan’s pro¬ 
posal, a new form of ‘hijacking’ the 
science establishment of the country, 
even while the latter are nervously con¬ 
templating as to how exactly they can 


join the NSU bandwagon if indeed the 
whole concept becomes a reality. 

The ills outlined by Mahajan cannot 
simply be wished away. In large mea¬ 
sure, they have arisen from historical 
realities. Many problems in the educa¬ 
tional and scientific life of the country 
today can be traced back to just two 
policy decisions which hark back to the 
fifties: (i) the emphasis on higher edu¬ 


cation at the expense of primary educa¬ 
tion; (ii) the categorization of education 
as a concurrent rather than as a central 
subject. 

Scientists in India are no better or 
worse than other members of society 
(why this is regrettably the case will not 
be discussed here) and have come to 
terms, in their own peculiar way, with 
the very flawed socioeconomic system 
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into which this country was straight- 
jacketed. The results are clear today for 
ail to see. While we certainly did not go 
as far as producing a Lysenko or an 
Elena Ceaucescii, Indian science did not 
take off because it was not allowed to 
find its true measure according to the 
dictates of merit, which is, in effect, the 
scientific free market. 

The real tragedy in this era of liber¬ 
alization is that while politicians have 


felt the need to abolish the licence- 
control-permit Raj in the financial and 
commercial sectors, they have not 
deemed it important enough to extend 
their experiment into the educational 
and scientific arenas. Perhaps it is better 
this way - from the excellence exempli¬ 
fied by the work of Raman and 
Ramachandran, Indian science has 
drifted into obsolescence and is finally 
mired in irrelevance. It only remains for 


it to be totally drowned in the sewage 
of its own bureaucratic procedures, 
managerial wisdom and wilful self- 
contradictions. 

Gautam R. DESIRA-IU 

School of Chemistry 
University of Hyderabad 
P. O. Central University 
Hyderabad 500 046, India 


NEWS 


Promoting physics education: The Orissa example 


Things and beings, all need to be taken 
care of So do, and in a very special 
way, physics teachers and physics edu¬ 
cation. 

Physics with its intrinsic beauty has 
always attracted the best of brains all 
the world over. Orissa, too, has experi¬ 
enced the same pattern and thus has 
managed to contribute its own share to 
growth of physics teaching and research 
in the country. Despite the strong chal¬ 
lenge physics meets on account of the 
growing attraction towards managerial 
and administrative professions, its catch 
has not vanished as yet. Recognition of 
the seminal role physics plays in .the 
development of science, technology and 
philosophy calls for attempts to present 
the subject to the young minds in its full 
glory, to the extent possible, in spirit 
and form. This also requires, on the part 
of physics teachers of the state, putting 
together of minds on one forum. Orissa 
Physical Society (OPS) is striving to 
achieve this. OPS was created in De¬ 
cember 1971 in the Department of 
Physics, Utkal University, through the 
initial efforts of B. B. Deo by an act of 
will of a large number of physics teach¬ 
ers of colleges and universities of 
Orissa. 

To have an idea about the size of the 
constituency it caters to, it is worth¬ 
while to mention that about 310 col¬ 
leges in Orissa offer science at higher 
secondary level and about 165 colleges 
impart physics teaching at degree level 
under the Utkal, Sambalpur and Ber- 
hampur universities of the state. The 
Orissa University of Agriculture and 
Technology (OUAT) also runs higher 
secondary and degree level science 


courses. Apart from the three university 
departments of Utkal, Sambalpur and 
Berhampur, postgraduate courses in 
physics are also offered at four autono¬ 
mous colleges - Ravenshaw College. 
Cuttack; Regional Engineering College, 
Rourkela; Khallikote College, Berham¬ 
pur; Gangadhar Meher College, Sam¬ 
balpur-and also at Fakir Mohan 
College, Balasore; Maharaja Puma 
Chandra College, Baripada. There are 
about 1200 teachers engaged in teaching 
physics at various college and university 
departments. Apart from this, the Insti¬ 
tute of Physics, Bhubaneswar (funded 
by DAE, Govt, of India), primarily en¬ 
gaged in physics research and predoc- 
toral teaching with a faculty and 
research scholar strength of about 60 
persons, also lends strength to OPS in 
terms of membership (about 250) and 
academic and financial aspects. 

While gradually enlarging its net, the 
members of OPS have put their minds 
and efforts together in restructuring and 
modernizing the physics curricula and 
prescribing text books at +2, +3 and 
postgraduate levels from time to time. 
The recommendations of OPS have, by 
and large, been accepted by the Council 
of Higher Secondary Education and the 
four universities of the state. Conse¬ 
quently, the courses of studies now 
stand among the best in the country. 
This provides the students of the state a 
level ground to compete with their 
counterparts elsewhere, inside the 
country and abroad. 

The annual meetings of OPS are al¬ 
ways organized as a miniseminar/ 
conference of college and university 


teachers. These include a small number 
of advanced-level review talks by re¬ 
searchers in the field delivered at a level 
that can be easily grasped and under¬ 
stood by the college teachers, 'fhis helps 
college teachers to update their under¬ 
standing in the subject. Sometimes, this 
also motivates and helps them to decide 
on an area to pursue advanced study and 
research. 

Also, as a matter of tradition intro¬ 
duced since the 9th annual convention 
in 1987, an eminent scientist of the 
country is invited to address the inaugu¬ 
ral session and shed light on new devel¬ 
opments in his area or deliberate on 
history/philosophy of science or science 
policy of the country, as the case may 
be. Speakers have included S. P. Pan- 
dya, PRL, Ahmedabad (1987). .1. Bhat- 
tacharya, Indian Institute of 
Astrophysics, Bangalore (1988), Rajat 
Kumar Bhaduri, Me Master University, 
Canada (1989), H. S. Roy, RRL, Bhu¬ 
baneswar (1991) and S. Ramaseshan, 
Raman Research Institute, Bangalore 
(1994). 

OPS has also started the tradition of 
honouring and felicitating senior and 
eminent physics teachers of the state in 
the annual meetings in recognition of 
their achievements and signal contribu¬ 
tions to physics teaching and research. 

These apart, the teachers also delib¬ 
erate on various other aspects of physics 
education like the growing menace of 
private tutioning, pros and cons of cen¬ 
tral valuation, easing of bureaucratic 
bottlenecks teachers face in attending 
refresher courses or other faculty im¬ 
provement programmes and improve¬ 
ment of laboratory courses, etc. 
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In a bid to expand its area of activity, 
it is being envisaged to look at the high- 
school science curriculum and suggest 
changes wherever deemed necessary. 
Efforts are also being undertaken to 
launch a small magazine in physics in 
the regional language that will cater to 
the needs of school and college stu¬ 
dents. This should contain small articles 
on new and interesting findings in physics, 
life sketches of eminent physicists, 


and clear expositions or novel ways of 
understanding various concepts of 
physics. OPS is also planning publica¬ 
tion of a bulletin on research and review 
works and innovations in teaching and 
experimentation undertaken by college 
and university teachers. 

In summary, OPS is basically an ex¬ 
ercise of soul-search on the part of the 
physics teachers of Orissa to see that 
they become useful instruments in not 
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Industrial research and Indian industry* 


5. M Datta 

The development of industry and its 
infrastructure has been a dominant con¬ 
cern in the planning and implementation 
of India’s economic development pro¬ 
gramme over the last five decades. 
Traditionally, India had offered a rich 
economic heritage based on agrarian 
and extractive enterprise. However, the 
aspirations of the large and rapidly in¬ 
creasing population could no longer be 
adequately fulfilled by the cultivable 
land resources, which were fast reaching 
the limits of exploitation. Therefore, 
manufacturing industry provided the 
logical choice for improving the do¬ 
mestic product and providing gainful 
employment. 

Prior to the vSecond World War, the 
political control of the developing world 
rested in the hands of a few dominant 
European powers. The concept of na¬ 
tion-states was mostly academic. The 
technology of manufacturing industry 
was proprietary and the risks attendant 
upon capital deployment were high. The 
economic development of the British 
Empire, of which India was an integral 
part, was focused in the United King¬ 
dom itself, and India, like other far- 
flung parts of the Empire, found itself 
starved of capital and technology for 
manufacturing industry even for meet¬ 
ing the local needs. This supply- 
demand gap attracted the attention of 


*Text of the Dr Y. Nayudamma Memorial 
Lecture delivered by S. M. Datta on 2 
September 1994 in Hyderabad. 


the flourishing trading community and 
was mainly responsible for the gradual 
transformation of the trading class into 
industrial entrepreneurs. The excellent 
framework of higher education built 
around the Indian universities provided 
trained manpower for managing these 
early industrial efforts. Thus, local en¬ 
trepreneurship combined with the able 
and competent cadre of technological 
manpower provided a strong bias of 
self-reliance to India’s industrial pro¬ 
gramme during the years of political 
awakening. 

The objective of industrial develop¬ 
ment, in India as well as abroad, has 
always been to provide economic value- 
addition to the natural resources and 
their produce through the fulfilment of 
the consumption needs of the relevant 
population. It was recognized quite 
early that the efficiency of capital de¬ 
ployment could be leveraged by the 
combined application of scientific and 
economic knowledge. Consequently, 
technology has rapidly developed into a 
major economic resource. During the 
second quarter of this century, Ger¬ 
many, the United States, and Japan, 
recognized the crucial role of science in 
the entire process of economic devel¬ 
opment. These countries achieved sig¬ 
nificantly higher rates of economic 
growth by focusing the available pool of 
scientific knowledge on the growing 
needs of manufacturing technology. The 
validity of this paradigm is universal 
and applies equally well to the poorer 
countries of the world. 


_ NEWS 

just imparting sound physics teaching to 
the young minds but also in making 
them love physics. Odds, needless to 
say, are heavy. But that only makes the 
struggle more intense and more worth 
taking. 


Lambodar P. Singh, Physics Depart¬ 
ment, Utkal University, Bhubaneswar. 


The quality and the magnitude of In¬ 
dia’s scientific and technical manpower 
abundantly proved itself during the Sec¬ 
ond World War. It was a logical step 
forward to harness these resources to 
the cause of India’s economic develop¬ 
ment and, thus, the Council of Scientific 
and Industrial Research was born in 
1942. Shortly after Independence, as the 
country launched itself on the path of 
accelerated development, the role of 
modern technology in providing solu¬ 
tions to the pressing economic problems 
came into clear focus and the onus of 
scientific and industrial research shifted 
rapidly from the universities to the 
CSIR-controlled laboratories. 


Response from Indian industry 

Indian industry has often been criticized 
by our scientific establishment, with a 
certain degree of justification, of being 
apathetic, if not outright averse, to in¬ 
dustrial research. Yet, the universal 
lesson of the fundamental importance of 
science and technology in accelerating 
the pace of industrial development 
could not have been missed by the in¬ 
dustrial establishment. Therefore, it is 
important to understand the reasons 
behind this lukewarm response. 

The first, and probably the most im¬ 
portant, reason has been the inability to 
obtain a complete technological package 
for any industry within India. This dis¬ 
advantage extended to the supply of 
expertise needed to maintain and update 
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technology. Therefore, it became neces¬ 
sary to rely on technology imports for 
every conceivable industry and it fell 
upon the enterprise management to 
handle the problems associated with 
technology absorption. As the lion’s 
share of industrial capital formation was 
appropriated by the state, it was clearly 
perceived that the government did not 
have any real intention to honour the 
oft-repeated statements about the piv¬ 
otal role of our scientific and techno¬ 
logical innovation in the industrial and 
economic transformation of India. 

The second major reason is the em¬ 
phasis which our planning process has 
placed on capital formation and invest¬ 
ment without creating a balancing stress 
on the effective utilization of the capital 
stock so created. Even in the nongov¬ 
ernment sector, the fiscal incentives 
offered to industry are focused on the 
quantum of investment alone, almost to 
the total exclusion of any consideration 
of productivity. In the government sec¬ 
tor, the performance of management has 
been based on factors other than pro¬ 
ductivity and efficiency on the pretext 
of promoting social accountability. In 
the nongovernmental sector, too, the 
high debt-equity ratio, the concessional 
rates of investment financing and, above 
all, the somewhat irresponsible benevo¬ 
lence of the financial institutions to¬ 
wards the financial performance of the 
enterprise have, in combination, pro¬ 
vided a degree of immunity to the man¬ 
agement. Therefore, industry has been 
under no pressure to utilize industrial 
research for performance improvement. 

The third reason for the lack of inter¬ 
est in technology has been the all- 
pervasive protection that our manufac¬ 
turing industry has enjoyed over the last 
four decades. External competition was 
blocked out by physical and fiscal re¬ 
straints on imports. Internal competition 
was discouraged through the regulations 
built around manufacturing capacity and 
growth of output. Various forms of di¬ 
rect and indirect subsidy were evolved 
to compensate for infrastructural inade¬ 
quacies. Finally, under the guise of 
employment protection, the ultimate 
punishment of poor performance was 
effectively proscribed. Protected within 
this cocoon of all-encompassing care 
and comfort, our manufacturing industry 
did not feel any need to improve per¬ 
formance or profitability. 

The fourth reason has been the rela¬ 
tively unfocused nature of our indus¬ 
trialization. The economy was geared 


towards import substitution, which 
provided fertile ground for the proli¬ 
feration of a large variety of industrial 
enterprises operating in main through 
economically unvi^ble production units. 
The fledgling science and technology 
initiatives, already suffering from the 
serious handicaps mentioned earlier, 
were totally unable to cope with this 
wide diversity of demand. Seen in this 
context, it is easy to understand why the 
CSIR has proliferated into 39 research 
laboratories with over 100 extension 
centres and regional stations spread 
throughout the country. 

Changing environment 

The economic fall-out of the state of 
complacent underperformance in our 
industrial sector was hidden in the early 
years by the rapid strides made by the 
agricultural sector under the influence 
of the package of inputs and practices 
collectively known as the Green Revo¬ 
lution. These inadequacies were first 
highlighted under the pressure gener¬ 
ated by the crude-oil price increases in 
1973 and 1979. The Sixth Five-Year 
Plan had to take note of the inadequate 
growth in per capita income until then 
and as the lessons filtered into the con¬ 
sciousness of the administration, the 
first cautious moves to reduce the rig¬ 
ours of regulation were made in the 
early eighties. 

The accelerating changes in the world 
economic scene in the more recent years 
quickly demonstrated the inadequacy of 
these hesitant steps and emphasized the 
need for a faster response from India. It 
is possible to identify three major forces 
behind this inexorable pressure for 
change. These are: 

1. The rate of growth in per capita in¬ 
come had been too slow. As a result, the 
sheer number of politically enfranchized 
but economically disadvantaged people 
had grown to over 500 million. The 
unfulfilled aspirations had spilled over 
into social movements of enormous 
magnitude, which are threatening the 
very fabric of our economy. The need 
for a rapid improvement in the income 
levels at the lower end was deadly 
urgent. 

2. As the negotiations of the Uruguay 
Round progressed through their tortuous 
path, it became clear that our depend¬ 
ence on external aid must come to an 
end and that greater emphasis must be 
placed on external trade and that too in 


an atmosphere of less protection and 
greater competitiveness. 

3. As the budget deficits mounted, it 
became quite apparent that the ungainly 
edifice of socially justified costs and 
prices maintained by a regime of subsi¬ 
dies could no longer be maintained in 
its present form. As the growth of sub¬ 
sidies decelerated, the need for improv¬ 
ing value-addition in the conversion 
process has come to the fore. 

Faced with this pressure, manufactur¬ 
ing industry is now looking towards 
technology as the catalytic change-agent 
for successfully handling the transition 
from a protected economy to a mildly 
competitive one. This belated acknowl¬ 
edgement of the potential of technology 
to contribute to the improvement of 
productivity, economic development 
and competitiveness could, however, 
rapidly degenerate into a whole series of 
platitudes unless attention is focused on 
some specific areas where technology 
can make the largest impact. Some of 
these areas are: 

(i) Effective utilization of fixed assets 
and -working capital. The low level of 
utilization achieved in our industrial 
enterprises is well knowm. Systematic 
application of technology can not 
only lead to higher degrees of utiliza¬ 
tion but also identify bottlenecks, on 
the removal of which the effective 
capacity can be significantly uprated. 
Technology can be applied to improving 
the velocity of the value-addition proc¬ 
esses, thereby reducing the need for 
increasing working capital deployment 
in direct proportion to production 
volumes. 

(ii) Creation of an innovation chain 
to generate tangible product advan¬ 
tages and perceptible performance 
benefits. As the market situation shifts 
from a supply-dominated situation to a 
demand-driven one, the needs of the 
customer in terms of quality and cost 
assume greater importance. This shift in 
emphasis can be handled only through 
an efficiently managed process of tech¬ 
nological innovation. 

(iii) Imparting flexibility to the 
manufacturing operations. Japan has 
achieved extraordinary success in im¬ 
proving industrial productivity through 
the development of flexible manufactur¬ 
ing technologies. Such technologies are 
capable of handling fluctuations of 
throughput levels, rapid changes in out¬ 
put characteristics and variations in 
input parameters- 
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(iv) Development of environment- 
friendly manufacturing operations. The 
rapid depletion of our environmental 
resources needs a quick and effective 
response from the industry, firstly in 
reducing the environmental impact 
through associated processes such as 
effluent treatment, and, thereafter, in 
evolving process technologies which 
reduce the environmental impact, such 
as those used in multicycle power gen¬ 
eration. 

In short, the principal challenge is 
to interweave science and techno¬ 
logy with the entire sequence of opera¬ 
tions in order to create a world-class 
manufacturing capability out of the 
somewhat inadequate and unsatis¬ 
factory base which we have today. So 
far as the industrial sector is concerned, 
this would transform the need for 
greater competitive ability into an intel¬ 
lectual challenge. Thereby, we shall 
create a platform where manufac¬ 
turing and industrial enterprise can meet 
scientific and technological capabi¬ 
lity on the basis of mutual communica¬ 
tion. 


New approach 

I am well aware of the fact that the 
weight of evidence presented so far does 
not conclusively establish the nexus 
between industrial research and indus¬ 
trial development. However, they do 
serve to illustrate the influence that 
science and technology can exert on the 
efficiency and the competitiveness of 
the industrial sector of the economy. 
The CSIR Review Committee recog¬ 
nized this influence in its report of 
December 1986, and it would be perti¬ 
nent to quote one sentence from this 
report: 

The more successful among the late 
industrializers in Asia, particularly 
Japan, recognized the fundamental 
importance of science in the catching- 
up process of development and sought 
to draw upon the available reservoir 
of scientific knowledge and placed 
increasing emphasis on the interac¬ 
tion between the world of science and 
the realm of technology in the eco¬ 
nomic sphere of production.’ 

The exacting nature of the modern 
world makes it difficult, if not impossi¬ 
ble, to achieve technological innovation 
through serendipity. Industrial research, 


therefore, requires an organized ap¬ 
proach coupled with deployment of 
resources. The larger and economically 
stronger industrial organizations can 
afford to create their own research ca¬ 
pability focused exclusively on the 
technology needs of the enterprise. In¬ 
deed, they should be actively encour¬ 
aged to create such capabilities. 
Equally, we must recognize that a large 
number of our industrial enterprises are 
unable to afford such initiatives. We 
have to create a common forum of in¬ 
dustrial research and technology inno¬ 
vation for meeting the requirements of 
the bulk of our industry. As a matter of 
record, this was the fourth among the 
seven specific functions assigned to the 
Council of Scientific and Industrial 
Research in 1942 through a resolution 
of the Central Legislative Assembly. It 
is true that in the intervening 50 years, 
the CSIR has drifted far from some of 
these original objectives but there is no 
doubt that if the need was felt strongly 
enough, it could be reharnessed to the 
task at hand. For the present, however, 
it would be prudent to direct our atten¬ 
tion to the definition of this task as 
viewed from the side of manufacturing 
industry. 

In this context, it would suffice to 
mention only three major prerequisites 
to illustrate the nature of focus which 
must be brought into play when defining 
the objectives of industrial research. 
The first and, inevitably, the most im¬ 
portant criterion is clarity of objective. 
The objective of any research pro¬ 
gramme can be defined only by the cli¬ 
ent but it is equally important to arrive 
at a prior agreement on the set of pa¬ 
rameters which would be used to de¬ 
termine the progress of the research 
project. It is also necessary to define at 
the outset or atleast very early on in the 
project to set up mutually agreed upon 
milestones. Science and technology are 
quite closely related but are not identi¬ 
cal. Consequently, they do not use the 
same language and simple precautions 
such as those mentioned above can 
avoid much recrimination. The second 
important criterion is one of critical 
mass. However interesting a project 
might be to the scientific inquiry, it 
must have enough substance to justify 
the allocation of resources and generate 
enough impact on the client’s business. 
In this particular aspect, a multiple- 
client research organization could 
combine several subcritical projects into 
a substantial one, provided, of course. 


that the costs are allocated on a fair 
basis and that the confidentiality of the 
client is protected at all times. Such 
niceties are often ignored in practice. A 
third important precondition is the exis¬ 
tence of an acceptor mechanism within 
the client organization. A scientific de¬ 
velopment requires an established inno¬ 
vation chain to complete successful 
transition into a product or process 
technology. Much of this innovation 
chain must lie within the client organi¬ 
zation itself in order to adapt or to 
modify the scientific development to 
suit the manufacturing requirements. 
The project life can be significantly 
shortened, and the prospects of com¬ 
mercialization correspondingly im¬ 
proved, by ensuring that the client’s 
innovation team begins to interact with 
the research team from the early stages 
of the project. 

There is also one important prerequi¬ 
site which any client would reasonably 
expect from a research organization and 
that is the principle of exclusivity. Suc¬ 
cessful innovation requires significant 
resource allocation and considerable 
interaction between the client and the 
research team. It would not be realistic 
to expect the client to undertake all this 
trouble unless he is guaranteed the re¬ 
sultant competitive edge through an 
exclusive contract. The CSIR-NRDC 
set-up positively emphasizes the non¬ 
exclusive nature of the licence and this 
could be one reason why much business 
has not come the way of the CSIR labo¬ 
ratories. 

Concluding remarks 

A relatively self-contained economy like 
ours can generate sustainable value- 
addition only through the healthy 
growth of the primary and the secondary 
sectors. The rapid growth of the services 
sector in the recent years indicates an 
imbalance which cannot be maintained 
over a length of time. Therefore, we 
need to devote renewed attention to the 
development of a vibrant, fast-growing 
and highly efficient industrial sector 
which can be globally competitive. This 
development will need a constant stream 
of technological innovation which will 
carry the Iruits of scientific research 
into the manufacturing operations. Past 
attempts to force the partners into a 
marriage of convenience through tech¬ 
nology import barriers and indigeniza- 
tion subsidies have not succeeded. The 
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new pressures generated by competition, 
both domestic and international, are 
more likely to drive the Indian industry 
closer to industrial research, and 


this much desirable outcome deserves to 
be encouraged by suitable modifications 
to the regulatory framework, which is 
still powerful and will remain so 


for some time to come. 


5. M Datta is in the Hindustan Lever 
Ltd., Bombay, India 


India’s emergence as a global R&D platform: The new 
challenges and opportunities* 


R. A. Mashelkar 

I consider it to be a matter of great hon¬ 
our and a special privilege to have been 
invited to deliver this Lala Karamchand 
Thapar Memorial Lecture. Lala Karam¬ 
chand was not only a great industrialist 
but also a great visionary. He believed 
in the process of value addition to our 
natural resources through modern indus¬ 
trial processes. In today’s context, In¬ 
dia’s natural resources (and, indeed, its 
rich biodiversity) and its manpower are 
its real assets. In keeping with the basic 
spirit of Lala Karamchand’s vision, I am 
going to speak about the tremendous 
potential for value addition through our 
talented manpower (specifically our 
S&'V manpower) for launching India as 
a major global player in the field of 
research and technology. 

1 am fortunate that the Hon’ble 
Finance Minister Dr Manmohan Singh 
has agreed to preside over this lecture 
today. Dr Manmohan Singh set a new 
national agenda in. July 1991 by an- 
no-uncing the new industrial policy and 
followed it up with astute fiscal poli¬ 
cies. With dynamism and vision he has 
led. India on the path of progress by 
beginning the process of integrating the 
Indian economy with the global econ¬ 
omy. I strongly believe that the integra¬ 
tion of Indian economy with the global 
economy cannot ever be complete un¬ 
less the integration of our industrial 
research and technology with the rest of 
the world also becomes a part of this 
grand plan. If this is accomplished with 
speed and determination, then we can 
see India emerge as a major global R&D 
platform. I wish to share this exciting 
vision with you today. 

India has been a part of the inter¬ 
national scientific network for many 
decades now. Internationalization of 


*Text of the Lala Karam Chand Thapar 
Centenary Memorial Lecture delivered by 
R. A. Mashelkar on 4 March 1995 in Delhi. 


science is not new. Indeed, scientific 
cooperation is increasing day by day, 
thanks to the tremendous developments 
in communication and information tech¬ 
nology. Whereas in 1978 only 4% of the 
research papers had transnational 
authorship, in 1990 this number had 
risen to over 10%. India continues to 
sign several bilateral agreements on 
scientific collaboration, including ex¬ 
change of scholars, scientific research 
data, etc. However, most of these agree¬ 
ments emphasize the generation of 
knowledge for its own sake. Indeed I 
remember that not until too long ago, 
while submitting such proposals, one 
even certified that the joint collabora¬ 
tion was a purely intellectual pursuit 
and that no intellectual property of any 
commercial value was likely to arise 
from it! 

My lecture, however, does not deal 
with the above type of relationship, 
which is built in the usual rich tradition 
of science. My focus today is on re¬ 
search as a business. It focuses on 
creation of partnerships with the rest of 
the world to generate exploitable know¬ 
ledge, technologies, new products, pro¬ 
cesses, etc. In other words, it is about 
wealth creation in India not only 
through international trade and business 
but also through export of knowledge- 
based products and technologies. It em¬ 
phasizes a major transformation so that 
we change our image from ‘perennial 
technology seekers’ to ‘technology 
providers’. It has an ambitious agenda 
of ‘reverse transfer of technology’ to the 
developed nations. I realize that in this 
spirit, export of services like software 
has already begun; however, much of it 
is still in the form of bodyshopping. To 
my mind, India’s enormous potential 
has not been tapped so far. This great 
potential arises due to India’s massive 
S&T infrastructure and its undisputed 
intellectual resource base. 


Thanks to the foresight of the found¬ 
ing fathers of our nation, India today 
possesses a massive science and tech¬ 
nology infrastructure spread across the 
country. With over 200 universities, 
1500 research institutions and 4000 
Ph D’s being turned out ever\ )ear, 
India is in an enviable position as re¬ 
gards the S&T manpower. Right from 
the time of independence, science and 
technology has been considered as an 
instrument of growth and prosperity. 
Scientific institutions have been set up 
and nurtured in many diverse sectors. 
These have included agriculture, atomic 
energy, electronics, environment, ocean, 
space, biotechnology, nonconventional 
energy sources, defence, health and so 
on. The chain of national laboratories, 
which was set up after independence, 
has built several core competencies in 
large number of areas. All this gives 
India a marvellous launching pad, on 
which it can set up a really ambitious 
agenda of growth. 1 believe that by the 
turn of the century, in a list of competi¬ 
tive advantages of which our nation will 
be proud of, its R&D strengths could be 
easily on top if we take some actions, 
many of which I will specify in my lec¬ 
ture. 

International trends in 
globalizing R&D 

Industrial R&D collaboration in the 
developed world has been increasing 
exponentially. A strong and synergistic 
pairing of major players in countries 
such as USA, Japan as well as Europe 
dominates the scene. Let me review the 
worldwide scenario briefly for you, 
before I take up the issue of positioning 
India in this league of nations. 

Take the case of United States first. 
The R&D spending abroad by US com¬ 
panies is rising much faster than their 
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domestic spending. IBM and Hewlett- 
Packard, for example, are estimated to 
do nearly 30% of their R&D outside 
USA. Reciprocally, the number of R&D 
facilities in USA set up by foreign com¬ 
panies has increased significantly. Ac¬ 
cording to a study, some 250 R&D 
facilities in the United States are owned 
by more than 100 foreign parent com¬ 
panies. These are mainly by Japanese, 
German, British, French and South Ko¬ 
rean parent companies. 

Several US firms hold R&D facilities 
in Japan. Development of products for 
the Japanese markets is the main goal. 
Improvement of product quality and 
consumer acceptance is another goal. 
The hidden agenda is, of course, to gain 
entry into Japanese R&D. It obviously 
helps the US firms to improve their 
market access in Japan. 

Let us now move on to Japan itself 
and see what the game plan is. The last 
few years have seen a remarkable 
change in the way Japanese are ap¬ 
proaching the issue of globalization of 
R&D. They are starting with the funda¬ 
mentals, namely, by beginning to hire 
foreign scientists in Japan. Indeed, the 
Japanese companies, known for their 
conservatism so far, have now begun to 
recruit foreign researchers based on 
their skills rather than on their national¬ 
ity; Fujitsu, Nippon Steel, Sony, Can¬ 
non, etc., are good examples of this 
trend. 

The Japanese globalization strategy 
now includes taking over of R&D in¬ 
tensive corporations and even estab¬ 
lishment of R&D centres abroad. 
Japanese have, in fact, promoted a new 
concept of Techno-globalism, which is 
being interpreted as ‘the strong interac¬ 
tion between the internationalization of 
technology and the globalization of the 
economy’. It actually implies ‘widening 
cross-border interdependence between 
individual technology-based firms as 
well as economic sectors, especially 
through the restructuring of high- and 
medium-tech industry’. Incidentally, it 
is interesting to note that the intensity of 
such transnational cooperations and 
setting up R&D facilities is the highest 
in high-tech areas, such as electronics, 
biotechnology, automotive industries, 
etc. 

I can go on to give several examples 
from Europe too. The European Com¬ 
mission’s ‘Eureka’ Project, which seeks 
to mobilize the scientific and techno¬ 
logical skills of European countries, is a 
major example. 


There is a ferment of activity on col¬ 
laborative R&D that is sweeping the 
developed world. I firmly believe that 
India can become a part of this great 
game plan on its own terms’ in the com¬ 
ing decade, provided it understands the 
forces that are driving globalization of 
R&D and moves speedily and aggres¬ 
sively. 

Driving forces for globalization 
of industrial R&D 

The chain of concept to commercializa¬ 
tion necessarily crosses transnational 
boundaries today. Companies realize 
that to gain competitive advantage, they 
have to leverage their capabilities. The 
idea is to develop synergies and to make 
one and one equal eleven and not just 
two! Many companies across the world 
today consider it to be rather unwise to 
attempt for self-sufficiency in techno¬ 
logy development, particularly in an era 
where the R&D costs are increasing 
rapidly. With trade barriers among the 
countries disappearing fast, companies 
have to provide the best technology 
globally to their customers. The concept 
that technology could be acquired rather 
than re-invented is gaining momentum. 
As a part of the global innovation strat¬ 
egy, several companies the world over 
are scouting for new ideas and patents, 
which the originator is unable to exploit 
for a variety of reasons. These compa¬ 
nies believe that the surest way of be¬ 
coming technically strong is through 
networking with premier organizations 
in those regions. 

There is another interesting and sub¬ 
tle aspect to the whole game. The 
globalization of R&D is closely linked 
to globalization of business and conse¬ 
quently to global competition of skills. 
The competitive advantage in high- 
technology business increasingly de¬ 
pends on underlying technical skills of 
the business rather than on particular 
products. As products’ life cycles keep 
on becomes shorter, skill life cycles 
becomes longer. The product then is 
merely an intermediary between com¬ 
pany’s skills and the market it serves. 
Rather than being the focus of corporate 
activity, products are actually transient 
mechanisms by which the market de¬ 
rives value from a company’s skill-base 
and the company derives value from the 
market. The high-technology companies 
are, therefore, asking as to what skills, 
capabilities and technologies they 


should build up, rather than asking .i 
stereotype question, as to which markets 
they should enter, and with which prod¬ 
ucts. 

In order to acquire a particular new 
skill and remain world-class in all the 
core competencies of one’s company, 
an extraordinary technology renewal 
effort is required. In such a situation, 
the demands on R&D increase, but the 
dichotomy is that the corporate invest¬ 
ments in R&D decrease because of pres¬ 
sures on profit margins arising out of 
global competition. 

One of the major driving forces is 
thus the increasing cost of research and 
resource demands, which even giant 
multinational companies cannot afford 
The companies are concluding that they 
cannot justify assembling in-house all 
the various skills and facilities needed 
to carry out developments, and the pace 
of change often denies them the time to 
do so. One dramatic consequence i.s that 
today the competitive advantage lies in 
the power and effectiveness of the allied 
network, which a business team is able 
to assemble and manage in a short time, 
rather than in the in-house capability. 
Furthermore, the skills necessar> to 
compete in leading-edge technology 
over a broad front are rapidly becoming 
available globally - Brazil’s smaller 
commercial aircraft and Portugal's de¬ 
sign and production of moulds for plas¬ 
tics manufacture are good examples. 

The focus is shifting to complement¬ 
ing the internal efforts with an increased 
amount of external technology acquisi¬ 
tion on a global basis. Therefore, exter¬ 
nal technology acquisition is assuming 
importance within leading corporations. 
R&D departments are increasingly be¬ 
ing charged with the job of managing 
and restructuring the corporation's 
technology portfolio. Their success is 
being measured in terms of what they 
have brought to that portfolio. This new 
function is global in nature and not re¬ 
stricted to the four walls of a single 
research laboratory. In some of the 
companies, as high as 10% of the spe¬ 
cialized R&D professionals are devoted 
to this activity. 

Several factors are helping to accel¬ 
erate the globalization of industrial 
R&D, but the most important factor that 
is helping the process of creation of 
‘seamless laboratories’ around the world 
is the evolution of a global information 
network. Information is the most fluid 
commodity in the world, most easily 
and quickly moving from place to place. 
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Consequently, those products, processes 
and services, which are most fluid and 
hence able to take the earliest and full¬ 
est advantage of information techno¬ 
logy are getting globalized rapidly. The 
internationalization of all professional 
services is essentially a consequence of 
this fluidity of information. Global in¬ 
formation networks are allowing the 
real-time management and operation of 
laboratories in any part of the world. 

Why R&D alliances with 
India? 

Having discussed these driving forces, 
we can now ask as to why leading com¬ 
panies from the developed world should 
come to India to forge R&D alliances. 
First and foremost pertain to the lower 
costs of doing research in India. This 
gives India a strong competitive posi¬ 
tion. Secondly, the high-quality science 
base prevalent in India in certain select 
areas is a big attraction, especially when 
one recognizes that industrial R&D is 
becoming increasingly science-based. 

Thirdly, the companies perceive that 
such collaborations provide specific 
mutants of an existing technology or a 
new technology that is fully adaptable 
to the distinctive conditions prevailing 
in India. The fourth factor is the per¬ 
ception of the new environment in the 
post-liberalization era in which Indian 
R&D institutes and industrial firms will 
operate, where factors such as improved 
freedom and flexibility, better commu¬ 
nication and IPR protection, improved 
consciousness about quality and time of 
delivery will improve dramatically. The 
prospects for north-south partnerships 
in research and technology are thus 
looking more attractive than ever be¬ 
fore. 

Let us look at Indian R&D institutes 
specifically. There is a growing realiza¬ 
tion among them that technology devel¬ 
opment is a concurrent, integrated 
process involving cooperation among 
the R&D, design, manufacturing and 
marketing elements. The Indian industry 
was so far limited in taking a new prod¬ 
uct or a process to the market-place 
rapidly on a global scale. Some capable 
Indian R&D institutes began joining 
hands with foreign companies who were 
looking for new ideas and knowledge. 
These foreign firms were beginning to 
provide in return not only complemen¬ 
tary strengths in product development 
but also strong financial and marketing 


inputs to scientific and technological 
co-operation. 

If we see it from the viewpoint of 
Indian firms, again globalization of 
industrial R&D is beginning to make 
sense. Take drug research as an exam¬ 
ple. With the impending change in the 
patent laws, Indian drug manufacturers 
have begun to redefine their strategies, 
since research on new molecules is ex¬ 
pensive and time-consuming. Indeed, 
introducing a new drug molecule in the 
market requires around 250-300 million 
US dollars (more than the present an¬ 
nual investment in R&D by the entire 
Indian industry!) and takes 10-12 years. 
In view of this, companies such as Dr 
Reddy’s Laboratories, who specialize in 
research are already joining hands with 
the overseas partners for development, 
since it is development and not re¬ 
search, where the major expenditure in 
taking a new molecule to the market¬ 
place resides. 

Going even further, one will now see 
an increasing trend of Indian and for¬ 
eign firms setting up joint R&D ven¬ 
tures in India. For instance, you are all 
aware of the Ranbaxy-Eli Lily tie up 
that was announced recently. Acquisi¬ 
tion and merger of R&D intensive or¬ 
ganizations in India will be on cards. 

Many leading companies are also 
moving their R&D centres to India. For 
example, the well-known Swedish 
pharmaceutical company ASTRA has 
already set up a biotechnology R&D 
Centre in Bangalore. The fifth labora¬ 
tory of the multinational giant Unilever 
is being set up in Bangalore. Polaroid 
Corporation, world’s leading instant 
imaging company, has declared its in¬ 
tentions to start R&D in India as a 
wholly owned subsidiary. Jack Welch, 
the chief executive of General Electric 
(GE), was here in India last month. His 
statements summarize the new trends 
quite clearly. He said, ‘India is a devel¬ 
oping country. But it is a developed 
country as regards its superb scientific 
infrastructure. It is for this reason that 
we wish to shift a part of GE’s devel¬ 
opment effort to India’. The writing is 
on the wall. We will see several such 
new initiatives now. 


What could India offer? 

India can really capitalize on this great 
movement. Indian R&D laboratories and 
firms with strong capabilities in re¬ 
search and technology can use several 


different modes for forming industrial 
R&D alliances and develop strategies to 
make research as a business. Let me 
summarize a few of these below, as I see 
them. 

The first mode is the innovation sale, 
or the sale of an exploitable idea or a 
concept. Technology follows a growth 
cycle. It starts with basic research and 
leads to a laboratory scale work, devel¬ 
opment at a pilot plant scale, prototyp¬ 
ing, etc. It is followed by engineering 
and eventually results in commercial¬ 
ization. As W'e move down this innova¬ 
tion funnel, the risks, the investments, 
etc. keep on increasing; at some stage, 
these costs may be beyond the reach of 
Indian firms. Innovation sale embodies 
the true spirit of research as a business. 
Recently, NCL negotiated successfully 
licensing of its US patents on a high- 
performance material with a US firm for 
an attractive price. Opportunities for 
such innovation sales will multiply-but 
only when the innovations are world- 
class. 

A second strategy would be contract 
research. Here a project, or a part of it, 
is subcontracted by a foreign firm to an 
Indian publicly funded R&D. Contract 
research can arise only out of the syn¬ 
ergistic strengths of the partners in¬ 
volved. The partnerships again will 
extend internationally. NCT/s work with 
Oxychem (USA), Neste (Finland), Du 
Pont (USA) are examples of such con¬ 
tract research. 

Contract research could also be for 
the custom synthesis of low-volume, 
high-value and high-performance com¬ 
pounds. The advantage of India being a 
low-cost producer with a high intellec¬ 
tual base lies here. IICT in Hyderabad, 
for instance, is undertaking custom 
synthesis for Abbott Laboratories in 
USA. 

Then we can have collaborative re¬ 
search as a very important vehicle, 
where synergies of an Indian R&D 
outfit and a foreign firm are used effec¬ 
tively. Flow of royalties on commer¬ 
cialization can mean significant earning 
for India. 

Technology licensing is another 
mode. Technology or know-how could 
be licensed out on an exclusive or a 
nonexclusive basis. NCL’s licensing out 
a catalyst technology to a leading multi¬ 
national in Europe is a typical example. 

It needs to be realized that the con¬ 
cepts may not necessarily be born in 
India. R&D results at a certain inter¬ 
mediate stage of evolution could be 
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acquired from outside and combined 
with in-house development in India to 
develop full-blown technologies. Indian 
firms who are interested in making 
technology as their business and the 
Indian R&D institutes could join hands 
in such ventures. Financial institutes 
could play a major role here. We have 
no examples of this happening as yet, 
but they will surely emerge as technol¬ 
ogy emerges as a powerful economic 
driver. 

The rich scientific base prevailing 
in many of our institutions could be 
extended to impart knowledge-based 
consultancy services to developing 
countries abroad. These could be, for 
instance, in the form of setting up R&D 
laboratories abroad and even managing 
industrial R&D laboratories abroad. 
NCL offering services to China in set¬ 
ting up two major industrial R&D labo¬ 
ratories and NCL’s recent consultancy 
work for Ivory Coast in Africa are ex¬ 
amples of this. Even the developed 
countries would want such services. 
Some of the US companies are already 
planning to use Indian R&D institutes 
as a window on knowledge on the rest 
of the world. 

The more successful industrial R&D 
laboratories in India, who have already 
undergone the transformation to market- 
driven and performance-oriented labora¬ 
tories, would serve as models for labora¬ 
tories in other parts of the developing 
world (especially Asia), who wish to 
undergo a similar transformation. Insti¬ 
tutional twinning then becomes another 
form of attractive business. This is an 
arrangement by which the institutions 
abroad and leading institutions in India 
would be interwoven. The twinning 
arrangement should bring a sizeable 
income to the Indian R&D institutes 
through expert fees, training, consultancy, 
etc. NCL is signing contracts to twin with 
iwo chemical laboratories undertaking 
industrial R&D in Indonesia. 

Specialized testing and training could 
be offered in a variety of ways. Certain 
laboratories in India have world-class 
facilities and it may be cheaper and 
advantageous for many developing as 
well as developed countries to get their 
specialized training done in India. The 
excellence of Centre for Cellular and 
Molecular Biology in Hyderabad, for 
instance, will be matched by few insti¬ 
tutions in the world and the training in 
molecular biology they could offer 
would be equivalent to the very best in 
the world. 


What could be India’s gain? 

The foreign companies can associate 
with Indian R&D outfits synergistically 
at a fairly early stage of development. 
The Indian R&D partner can put as his 
equity his intellectual capital - in the 
form of research ideas, concepts, etc., 
and add substantial value to it by join¬ 
ing hands with foreign firms, who can 
bear the larger development costs. Ac¬ 
cording to Dr Reddy, a leading techno¬ 
crat and one of the few industrialists 
who is propagating the theme of re¬ 
search as a business, an investment of 
Rs. 20 crores in drug research can yield 
Rs. 60 crores from the sale of develop¬ 
ment to a partner! 

Many contract and collaborative re¬ 
search projects involve exchange of 
technical personnel between the R&D 
partners. Such an access is invaluable 
since it results in considerable augmen¬ 
tation in the technical skills and knowl¬ 
edge base of Indian scientists and 
engineers. This high level expertise later 
becomes useful in servicing the Indian 
industries better. 

Many multinational firms find it at¬ 
tractive to set up manufacturing base in 
India itself in view of the high cost 
economies prevailing in those countries. 
This would be also true about those 
products that arise out of the joint R&D 
done by a foreign firm and an Indian 
R&D outfit in India. NCL’s experience 
has been that these firms tend to enter 
into a tolling arrangement with local 
companies in India. This means again 
direct benefits to India in view of the 
expansion of India’s manufacturing 
base, creation of new jobs, etc. 

Let me also establish a relationship 
between technology acquisition and 
international R&D collaborations. We 
must realize that the technology acqui¬ 
sition game is becoming more and more 
complex, since India is no longer being 
considered as a bottomless pit of de¬ 
mand by the developed world any more. 
Technology buyers from India are being 
seen as potential competitors in the 
world market. Therefore, technology 
sales are being conditioned with market¬ 
ing territory restrictions. The age of 
straightforward technology licensing 
agreements is also over. It is giving 
way to technology-cum-market, tech- 
nology-cum-stakeholding, technology- 
cum-product swap, etc. Technology is 
available to an Indian buyer only if it 
fits in with the supplier’s global 
scheme. I have a strong feeling that 


R&D alliances with firms abroad might 
be one of the many ways in which we 
can get around the problem of technol¬ 
ogy acquisition. 

Let me share a personal experience 
with you, where I realized that even in 
nonstrategic areas, technology may not 
be available for love or for money. I 
remember the classic case of IPCL 
planning the massive petrochemical 
complex in Gandhar 6-7 years ago. An 
important part of the product slate was 
based on alpha olefins. However, in 
spite of so many years of efforts and 
continuous pleading with technology 
suppliers from USA, Europe and Japan, 
no one so far has been willing to give 
IPCL this technology. IPCL is now 
forced to change the product slate. In¬ 
terestingly, IPCL had begun doing R&D 
work on alpha olefins in the late eight¬ 
ies. This research was done for a tew 
years and then it was stopped. 

It seems to me that if this R&D work 
had continued, we would have by now 
moved to at least a pilot plant level, and 
as it always happens in research, we 
would have probably got some new 
leads or competitive strategies, with 
possibly a strong foreign patent position 
on alternative processes. Then the tech¬ 
nology suppliers themselves would have 
been willing to join hands on a collabo¬ 
rative R&D and perhaps to supply the 
technology also!! The real point I wish 
to make here is that indigenous technol¬ 
ogy development could be made use of 
as a powerful straicgic weapon to ac¬ 
quire technology and collaborative 
R&D with foreign technology suppliers 
can become a part of this game plan! 

The progress so far 

NCL’s experience 

Let me share NCL’s experience on 
globalization of research and develop¬ 
ment. It is interesting that although the 
new industrial policy was announced in 
July 1991, NCL had already entered the 
global market in 1990 by signing an 
agreement for sale of its catalyst tech¬ 
nology with a multinational company 
from Netherlands. It had also won a 
consultancy contract in China by com¬ 
peting with reputed US consulting com¬ 
panies. The intention of transforming 
National Chemical Laboratory into an 
International Chemical Laboratory had, 
in fact, already emerged in the late 
eighties. Why did this transformation 
take place? 
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There were several driving forces. 
NCL’s success in commercialization of 
technology in the seventies and early 
eighties had spurred it into high-tech 
areas. Some of the researchers in NCL 
were coming out with world-class con¬ 
tributions, which were getting patented 
abroad. There were no takers for these 
inventions in India and the creative 
ability of NCL’s scientists was getting 
stifled. The only way to solve this 
problem was to look at the global R&D 
markets. Thus, the initial process in 
NCL really began due to ‘supply push’ 
rather than a ‘demand pull’-to use 
common jargon. However, as time went 
on and NCL built on its successes it 
found that international companies were 
quite responsive to the idea of looking 
at NCL as a partner in their global stra¬ 
tegic R&D partnerships. Furthermore, 
the Abid Hussian Committee, which 
reviewed CSIR and set up targets for its 
external earnings provided a useful 
driving force. The reduced government 
budgets in 1992-95 pushed NCL to a 
situation where it had no money left for 
R&D or modernization. Stepping up the 
external earnings sharply became essen¬ 
tial. Strong professional marketing of 
NCL’s capabilities worldwide then be¬ 
came an essential prerequisite for 
drawing worldwide clients. NCL’s hid¬ 
den agenda was, of course, to create a 
cadre of scientists and professionals 
who worked with the international 
clients and got used to the interna¬ 
tional benchmarks of ‘time’ and 
‘quality’ -something which lifted the 
quality of R&D done at NCL to new 
heights. 

NCL considers itself as a true global 
R&D platform today. Its global interac¬ 
tions are in the form of contract and 
collaborative research, technology li¬ 
censing and technical and consultancy 
services. NCL recognizes the key de¬ 
terminants of success in global partner¬ 
ships. Therefore, it pays special atten¬ 
tion to the delivery in time of processes 
and products of international quality, 
maintenance of confidentiality, protec¬ 
tion of intellectual property and strong 
communication links with the collabora¬ 
tors through flexible and effective 
mechanisms. 

NCL’s repeat international customers 
are a testimony to the fact that it has 
arrived on the global scene. NCL’s 
services have now been offered both in 
the developing world and the developed 
world. Thus, its relationships range 
from Florafrica in Ivory Coast to Gen¬ 


eral Electric and Du Pont in USA, to 
JPCID in China. National Chemical 
Laboratory is already being recognized 
as an International Chemical Labora¬ 
tory! 

While this is certainly a heady feel¬ 
ing, NCL does recognize that its charter 
is to serve the nation and make the In¬ 
dian industry globally competitive. It, 
therefore, maintains a balanced port¬ 
folio, where around two-thirds of the 
work it undertakes is still with the In¬ 
dian firms. 

National experience 

Past two to three years have seen many 
new initiatives taken by several institu¬ 
tions, who are moving ahead in global¬ 
izing their R&D. Let me briefly 
summarize this movement for you. Let 
me begin with my own organization, 
CSIR itself 

Technologies of IICT in Hyderabad 
on the anti-ulcer drug Omeprazole and 
anti-AIDS drug AZT have been trans¬ 
ferred to a Brazilian company. CDRI in 
Lucknow has developed an antifertility 
drug, centchroman, and it is now col¬ 
laborating with a US-based firm on at¬ 
tractive terms. 

IIP in Dehradun has developed a 
process for the oxidation of cyclohexane 
to adipic acid along with an Indian 
company, Adarsh Chemicals. They have 
signed an agreement for joint develop¬ 
ment with ABB Lummus Crest Inc. and 
Praxair Inc. USA. 

Institutions like IICT and NCL syn¬ 
thesize several new molecules, in the 
course of their research, which could 
be biologically active. IICT has joint 
programmes with US companies like 
Abbott Laboratories, FMC Corporation, 
etc., where such compounds would be 
evaluated by these companies for their 
potential pharmacological activity. NCL 
has similar arrangements with American 
Cyanamid. IICT also has external col¬ 
laborations with National Institute of 
Health and Parke Davis for testing of 
natural products extracts based on In¬ 
dian plants, for their potential pesticidal 
and pharmaceutical activity. 

Indian coastline is globally viewed as 
an area of immense potential in terms of 
marine organisms. IICT has a project 
with Smith Kline & Beecham and NIO 
in Goa has joint programmes with 
DuPont and American Cyanamid for 
screening of marine organisms for their 
potential drug applications. 


International agencies like World 
Bank, UNEP, WHO, UNIDO have 
availed the assistance of NEERI in 
Nagpur on several projects involving 
environmental protection and manage¬ 
ment around the world. 

Recently, the Tower Testing and Re¬ 
search Station of SERC in Madras 
bagged an international order for testing 
two transmission towers of Locweld Inc, 
Canada, well-known tower fabricators 
in North America. 

NAL in Bangalore is negotiating on a 
number of high-technology areas in 
aerospace sector with companies like 
Boeing. NAL has also won a global 
tender for feasibility studies and com¬ 
puter models on aircraft and helicopter 
wake vortices for the Civil Aviation 
Authority of the United Kingdom. NAL 
has also rendered consultancy services 
to Vigyan Inc. of the US on the upgra- 
dation of the NASA Langley National 
Transonic Facility Control System. 

Over the last few years, NRDC has 
also been reorienting itself to become an 
international technology transfer or¬ 
ganization. It is trying to license indige¬ 
nous know-how worldwide and execute 
turnkey projects based on indigenous 
technologies. For instance, NRDC has 
recently finished a UNIDO-funded proj¬ 
ect in Vietnam to set up a natural and 
synthetic dyes and pigments plant. The 
technology-was developed by RRL in 
Jammu. NRDC is also making a major 
effort to provide help on licensing 
indigenous inventions abroad. Its effort 
to file worldwide patents for heart valve 
development by SCTIMST in Trivan¬ 
drum is a notable example. 

Antrix, the marketing arm of the In¬ 
dian Space Research Organization 
(ISRO), has won international contracts 
for studying low earth orbit satellite 
systems, antenna for hand-held phones, 
etc. In areas involving cutting edge 
technology also, Indian R&D outfits are 
making major strides. Take supercom¬ 
puters based on massively parallel pro¬ 
cessing. C-DAC has built up an interna¬ 
tional reputation with its PARAM su¬ 
percomputers. It has already sold its 
computers to institutions in Britain, 
Canada, etc. It is trying to set up a 
commercial arm now so that it could 
market its products worldwide. It has 
built strategic alliances with S.G.S. Thom¬ 
son from Europe, Concurrent System in 
Japan and Nextore in US in a variety of 
high-tech computing endeavours. 

The list is, of course, not exhaustive - 
but it definitely shows the great momen- 
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turn that has been gained in recent times 
in forging global relationships in indus¬ 
trial R&D. 


The barriers to progress 

Although the case for India to become a 
part of the global industrial R&D net¬ 
work can be made persuasively, there 
are several bottlenecks which need to be 
addressed first before this dream be¬ 
comes a reality. Partnership involves 
two or more parties. There are problems 
and difficulties for the firms abroad as 
well as for Indian R&D outfits. Let us 
focus on a few of these. 

Firms in the developed world still 
view cultural barriers as one of the ma¬ 
jor bottlenecks. They are also not sure 
as to whether the confidentiality will be 
maintained and the intellectual property 
will be well protected. The technology 
game has become very competitive 
globally. This has led to an interesting 
shift in the perspective on the sources of 
competitive technology. The access to 
top-class R&D institutions in India will 
be considered as one such source. In 
such a situation, the companies do not 
even want the others to know where 
they are getting the external technology 
from. Confidentiality thus becomes a 
crucial consideration. In government- 
funded institutions, with well-known 
pressures on information disclosure and 
public accountability, it may become 
difficult to keep confidentiality, unless 
some fundamental changes are made in 
view of the nature of the forthcoming 
business. 

Institutions in India are today faced 
with the problem of reduced budgetary 
support from the government. Even the 
best of the R&D institutions will get 
rapidly obsolete if they are not modern¬ 
ized on an urgent basis. If we want to 
forge R&D partnerships with foreign 
firms, say for instance, in the area of 
drugs, then Good Manufacturing Prac¬ 
tices (GMP) becomes a must. This calls 
for an upgradation of our laboratories, 
including facilities, controls, manufac¬ 
ture, processing and packing, to ensure 
that they all meet the stringent require¬ 
ments of safety, quality and purity char¬ 
acteristics. Creation of GMP-approved 
laboratories implies significant invest¬ 
ments - but if we do not make them, 
then there is no international business 
that will be forthcoming! 

Many of the institutions have poor 
skills in patenting (an issue which is so 


vital that I will deal with it extensively 
later on), contracting and negotiations. 
They also suffer from information barri¬ 
ers since they do not have an operating 
or marketing base in the developed 
world. 

One of the important requirements for 
success in R&D as a business is the 
necessity of having an operating and/or 
marketing base in major markets. Tie-up 
with technology transfer companies or 
technology transfer agents in the devel¬ 
oped world, therefore, becomes ines¬ 
capable. Today the word ‘agent’ has 
acquired a bad connotation. But if re¬ 
search has to be conducted as an inter¬ 
national business, then we may not be 
able to do away with agents all the time! 

I wish to emphasize this since we may 
not at all know the real requirements of 
the international markets in which we 
wish to operate, and at the same time 
these markets may not know about our 
presence or even our existence! 

In this connection it is important to 
emphasize the crucial role of technology 
forecasting and techno-market studies. 
Technology Information, Forecasting 
and Assessment Council (TIFAC) has 
already networked the strategy of our 
R&D institutions, industry and acade¬ 
mia to generate more than 100 detailed 
reports giving an emerging picture of 
the emerging global possibilities for 
India. Such activities need to be inten¬ 
sified since they can provide us good 
leads. R&D institutions abroad work on 
the basis of exclusivity. The publicly 
funded R&D institutions in India have 
been hesitant to offer these conditions. 
Secondly, most of the laboratories lack 
a legal back-up. We cannot match the 
powerful specialist attorneys hired by 
multinational companies. Companies 
abroad have professional negotiators on 
their marketing and acquisition teams. 
Ignorance of international markets as 
well as regulations for products and 
processes makes it difficult for us to do 
marketing as well as to put a price on 
our intellectual property. Ignorance of 
environmental and safety regulations as 
well as ignorance of occupational health 
regulations pose additional constraints. 
Such ignorance can lead to failure of 
attempts to do technology transfer to the 
developed world and, worse still, the 
possibility of getting into public liabil¬ 
ity cases! 

For publicly funded R&D institutions, 
the requirement of obtaining approvals 
of multiple government agencies can 
cause substantial delays. In a competi¬ 


tive environment, the speed of response 
is of utmost importance. Therefore, all 
these hurdles must be removed speedily 
and the institutions given a fair playing 
ground by debureaucratizing them and 
giving them full flexibility and freedom. 

In certain areas like biotechnology, 
collaborative programmes entail the 
exchange of genetic material. The recent 
government notification on banning the 
flight of indigenous genetic material to 
developed countries, though done with a 
perfectly good intention, will pose diffi¬ 
culties in undertaking time-bound and 
competitive industrial R&D with for¬ 
eign partners, where time is the essence. 
We need to logically and rationally re¬ 
examine this issue so that we make sure 
that we do not lose the benefits arising 
out of our great biodiversity, but at the 
same time we can add value and create 
wealth by exploiting these rich re¬ 
sources through serious international 
partnerships. 

IPR: the vexing issues 

I come back now to the issue of patents, 
which, to my mind, is most vital in the 
international R&D business. Indeed, 
skills in patenting, filing, reading and 
exploiting patents will be most crucial 
in the years to come. Indian contribu¬ 
tion to the pool of international patents 
is negligible. This has to be increased 
very substantially. Let me discuss some 
key issues in this connection. 

The fundamental issues will be about 
the quality of research that we do. The 
basic criterion for the grant of a patent 
is that the innovation must have ele¬ 
ments of novelty, non-obviousness and 
utility. How much of the research that 
we do today, whether basic or applied, 
meets even some of these basic criteria? 
Many of the Indian R&D institutions 
and industrial firms have so far focused 
on imitative research or reverse engi¬ 
neering. How do we turn them around 
so that they move on to innovative re¬ 
search or forward engineering? 

Creating top-class professionals in 
patent writing is the first requirement. 
Today our knowledge about writing and 
reading patents is very poor. Neither can 
we properly protect our inventions nor 
can we understand the implications. of 
the patents granted to our competitors. 
Thus, we may have a good invention, 
but we cannot effectively protect it by 
patents filed abroad as many of the pat¬ 
ents written by our professionals could 
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be easily circumvented. How do we 
create, within our system, a cadre of 
top-class professionals who will fight 
these battles? These are the burning 
questions. 

Patent attorneys are one of the highest 
paid professionals in the West. Orga¬ 
nizations such as the Certified Institute 
of Patents Agents in UK produce high- 
quality patent professionals. An aspirant 
desirous of making patenting as as his 
profession has to pass a highly com¬ 
petitive examination, which consists of 
papers in science, engineering, drafting, 
infringement and a host of related areas. 
We have no such system in India. We 
will have to quickly move on these. 

International patenting is an expen¬ 
sive business. In view of the budgetary 
constraints, a time will shortly come, 
when it will be difficult for individual 
institutions to file and maintain large 
number of patents abroad. 

The importance of patents in conduct¬ 
ing international research business can 
be illustrated with the NCL example. 
Till 1989, NCL did not have a single US 
Patent, and our foreign earnings had 
also been very marginal. Ever since 
1989, the flow of US patents started. 
This has resulted in a progressive in¬ 
crease in NCL’s foreign contracts as 
well as our earnings. Incidentally, NCL 
files the highest number of patents from 
a single R&D outfit from India today. 

We will soon start running into com¬ 
plex difficulties. Let me share again 
NCL's experience. Exxon and Hoechst 
today hold nearly 50% of over 400 
global patents on metallocenes, a cata¬ 
lyst which will have tremendous impact 
in future on polyolefin polymers made 
by the conventional Ziegler-Natta 
catalysts. Exxon even sues new compa¬ 
nies entering this field for violation of 
their patents to pre-empt any future 
competitions in this area. NCL is now 
faced with an interesting difficulty. It 
has a novel innovation in metallocenes 
but is finding it difficult to break the 
fortress of 400 strong patents! This is 
just an indication of the difficulties we 
will be facing by the year 2005! We 
really need to gear ourselves up fast to 
face these challenges. 

In the area of biotechnology, there are 
special difficulties. India does not have 
a national facility for depositing micro¬ 
organisms, which is internationally ac¬ 
credited. This would mean that if we 
have to take a patent in this area, we 
would have to deposit our strains in 
some of the authorized depositories 


abroad, like the ATCC. We, therefore, 
need to create an accredited facility as 
soon as possible. Signing the Budapest 
Treaty, therefore, assumes priority. 

Some concerns and cautions 

The dream and vision that has been 
portrayed by me could be realized only 
if the basic premise that we will con¬ 
tinue to have strong, viable and relevant 
S&T base in India remains valid. Some 
indicators that we see have caused an 
anxiety in the minds of the scientific 
community. Over the last 5 years our 
investments in S&T have declined from 
1.1% of GNP to 0.86% of GNP, just at a 
time when our neighbours like Korea 
are progressively trying to push their 
investment up to 4% of GNP. Apart 
from reduced investments, there is some 
feeling that there has been a reduced 
attention paid to issues on science, the 
needs and the demands of the scientists 
and so on. Especially important is the 
feeling that our modern institutes are 
decaying for want of support and mod¬ 
ernization. Therefore, the confidence in 
the scientific community that the nation 
expects the scientists to be on the centre 
stage and play a crucial role in nation’s 
development needs to be reinstilled. The 
government will have to urgently an¬ 
nounce plans to revitalize and modern¬ 
ize the Indian S&T force to make it 
globally competitive and implement 
these plans. 

I wish to emphasize that eventually 
all efforts on industrial research and 
development in India must be aimed 
towards making the Indian industry 
globally competitive. This would imply 
that the R&D institutes in India will 
have to draw out a balanced portfolio of 
business which includes international 
collaboration efforts coupled with a 
major focus on Indian industry. It is 
also clear that leading companies from 
the developed world will seek the very 
best minds that are available in our 
publicly funded R&D institutes. But we 
must also ensure that the same skills are 
available to the Indian industry too. 

In this connection it is rather interest¬ 
ing to see that the Indian industry so far 
has been lukewarm to the idea of using 
the Indian S&T talent. In contrast see 
the statement by the GE Chairman Jack 
Welsh little earlier, where he compli¬ 
ments the fully developed S&T infra¬ 
structure in India and wants to use it for 
the development programmes of GE! 


The message is clear. The Indian indus¬ 
try will really miss out if they do not 
establish organic linkages with centres 
of excellence in India by valuing R&D. 

The emergence of R&D centres in 
India by multinationals needs to be 
viewed in a perspective also. With super 
attractive remunerations, world-class 
facilities and cutting edge and challeng¬ 
ing problems many top brains from the 
S&T community will be attracted by 
these centres. It is absolutely essential 
that the Indian R&D institutes urgently 
create an intellectually stimulating envi¬ 
ronment, where young minds could be 
challenged and performers could be 
rewarded handsomely. 

Internationalization of R&D must 
lead to wealth creation in India. If only 
routine services and contract research is 
offered on comparatively low rates 
commensurate with our salaries, then we 
will not achieve these goals. What is 
important, therefore, is to ensure that we 
offer globally competitive knowledge and 
use brain hours rather than man hours 
while pricing our intellectual property. 

We will also have to worry about 
competitions which will be emerging in 
Asia itself Philippines, Taiwan and 
China are making serious bids to enter 
the global software industry. In biotech¬ 
nology, Taiwan and Singapore are much 
ahead of us. We also should not under¬ 
estimate China in the long run as far as 
process technology is concerned. We 
have only a narrow window of oppor¬ 
tunity before some of these countries 
cover up their deficiencies like lan¬ 
guages problems, modern management 
practice, etc., and surge ahead of us. To 
seek a lead initially may be easy but to 
maintain it is going to be tough. 

Next actions 

Being a born optimist, 1 have portrayed 
this grand and bold vision of India as a 
global R&D platform. But how do we 
get there? There are urgent actions that 
the government, industry and the public 
R&D institutions need to take in order 
to make things happen, and happen 
quickly. In what follows, I suggest 10- 
point plans for the government, for the 
industry and for the public R&D institutes. 

Government 

1. Review and restructure S&T priori¬ 
ties with special emphasis, among other 
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things, on the global competitiveness of 
Indian S&T and Indian industry. 

2. Enhance in a stagewise manner the 
national investment in R&D, which has 
fallen sadly in recent years. Instill a new 
sense of confidence in the S&T com¬ 
munity. Propose plans to minimize brain 
drain, maximize brain gain and network 
Indian brain banks around the world. 

3. Restructure and debureaucratize the 
universities and publicly funded R&D 
institutions, giving them flexibility, 
freedom of operation and also financial 
autonomy. Especially examine the rele¬ 
vance and quality of industrial R&D in 
publicly funded R&D institutes and 
their relevance in the changing context. 
Modernize select universities, R&D 
institutions, etc., in a way that will give 
them a fair playing ground. 

4. Promote measures, including at¬ 
tractive fiscal incentives and innovative 
government-industry partnerships, to 
increase the share of the Indian industry 
in R&D, which is miniscule today. 

5. Emphasize technology-led exports 
as well as export of technology. Create 
fiscal incentives and simplified proce¬ 
dures for export of technology for in¬ 
dustry as w'ell as industrial R&D 
institutions, similar to those that exist 
for exporters of goods. 

6. Join the Paris Convention as well as 
the Patent Cooperations Treaty. Also 
sign the Budapest Treaty. 

7. Establish electronic databases ex¬ 
changing patent information nationwide. 
The networks spanning transnational 
boundaries should interconnect all the 
industrial R&D players in the game. 

8. Reform and modernize the patent 
office (as well as the patent officers) 
and allied institutions in a massive way. 
Launch a multipronged attack on patent 
and IPR illiteracy. Launch a massive 
mission which will include many simul¬ 
taneous efforts such as creation of Na¬ 
tional Patent Promotion Fund, a 
National Patent Institute, etc. 

9. Work out an attractive package of 
fiscal incentives for international patent¬ 
ing for industry. This could involve 
suitable tax provisions, writing off of 
expenses on international patenting, 
giving special tax concessions to con¬ 
sultancy firms dealing with IPR, etc. 

10. Promote measures by which tech¬ 
nologies which exploit our resources 
and skills, rather than our markets, are 
brought into the country. 


Industry 

1. Look at technology, rather than just 
markets, as an instrument of growth. 
Increase substantially the expenditure 
on R&D. 

2. Lfse research and academic institu¬ 
tions as 'idea generators’ as well as 
‘window on knowledge’ on the rest of 
the world. Forge organic linkages with 
them. 

3. Create a massive ‘demand pull’ on 
the Indian academia and R&D laborato¬ 
ries. Challenge them with tasks and 
targets. 

4. Evolve strategies on technology-led 
exports as a means of value addition and 
growth. 

5. Bring ‘export of technology’ on 
agenda. Make international competitive 
bids for generation and export of tech¬ 
nology by joining with public R&D 
institutes, whose strengths could be 
synergistically used. 

6. Value ‘knowledge’ and respect in¬ 
tellectual property. Inculcate patenting 
culture and build patent literacy within 
the organization. 

7. Identify ‘core competencies' and 
‘enabling technical skills’. Gain visibil¬ 
ity and credibility in these areas by 
creating a strong international patent 
portfolio. 

8. Join in a massive exercise of tech¬ 
nology forecasting to determine the 
long-term trajectories to be followed for 
competitive strength. 

9. Explore opportunities for research 
as a business worldwide and create new 
niches by gauging and benchmarking 
the internal strengths. 

10. Participate actively and conscien¬ 
tiously in the effort to take a due share 
in supporting research and higher edu¬ 
cation in the country. 

R&D institutions 

1. Debureaucratize, professionalize 
and modernize the laboratories and, es¬ 
tablish organic linkages with the Indian 
industry. 

2. Enter into and enhance the global 
business by aggressive marketing and 
establishing innovative channels of 
communication. Note that technical 
personnel abroad of Indian origin are 
valuable assets. Identify ‘champions’ in 
collaborating organizations. 


3. Recognize the facilitating and pro¬ 
motional role of financial institutions 
and form R&D institutions/financial 
institutions/induslry nexus. 

4. Create incentives and reward sys¬ 
tems for S&T personnel undertaking 
industrial R&D. 

5. Engage professionals for technology 
marketing who can act as innovation 
facilitators. Whenever feasible, establish 
commercial arms of laboratories to fa¬ 
cilitate marketing. 

6. Evolve guidelines for eaiiy-stage 
identification and valuation of IPR and 
debureaucratize the internal processing. 
Evolve methodologies and procedures 
for the capture and formal documenta¬ 
tion of IPR. 

7. Establish internal assessment mech¬ 
anisms to assess the elements of nov¬ 
elty, non-obviousness and potential 
economic benefit, which are the essen¬ 
tial pre-requisites of a patent. 

8. Undertake a worldwide patent 
search and techno-market survey prior 
to initiation of R&D. Undertake tech¬ 
nology forecasting exercise and use the 
forecasts for targeting trajectories of 
action. 

9. Create systems for management and 
marketing of patent portfolios. Build the 
cost of patenting into R&D costs, which 
can be recovered from the contracts. 

10. Be market-driven but also drive the 
markets with innovations of explosive 
creativity. Move to the path of “forward 
engineering’ rather than routinely fol¬ 
lowing the path of 'reverse engineer¬ 
ing’. 

Concluding remarks 

I do understand that this has been a long 
and elaborate lecture, but 1 deliberately 
w'anted it to be that way. I believe that 
this is an important point in our history, 
where w'e must look at the present as not 
just a mundane extension of the past but 
as an exciting launching pad for a great 
future. I have strong belief that the vi¬ 
sion of India as a global R&D platform 
would materialize, and it would mate¬ 
rialize sooner than we expect, provided 
w^e move swiftly and with determina¬ 
tion. 


R. A. Mashelkar is in the National 
Chemical Laboratory, Pune 411 007, India. 
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Global ‘hotspots’ of biodiversity 


Sudipto Chatterjee 

Biodiversity, which refers to a variety in 
living organisms, is not equally distri¬ 
buted across the globe. It is well known 
that some habitats, particularly tropical 
forests among terrestrial systems, har¬ 
bour a greater diversity of species. Al¬ 
though these habitats cover only 7% of 
the Earth’s land surface, they contain 
more than half the species of the entire 
world'. Despite this richness, tropical 
forests are one of the most fragile sys¬ 
tems of the whole world. This diversity 
of species is under severe pressure of 
extinction and if Wilson’s' conservative 
estimate of a total of 5 million species is 
considered then, with the current rate of 
deforestation and other anthropogenic 
factors, 7500 species are becoming ex¬ 
tinct every year. Given the budgetary 
constraints on conservation and compet¬ 
ing demands of other forms of land use, 
some system thus becomes necessary for 
identifying the areas in which certain 
allocation of effort will maximize spe¬ 
cies survival. Through different meth¬ 
odologies, areas of conservation 
priorities ~ the ‘hotspots’ rich in bio¬ 
diversity but under constant threat of 
destruction - have been determined. 


Eighteen global hotspots have been 
identified so far out of which two lie in 
India, namely the Western Ghats and the 
Eastern Himalaya. The subsequent para¬ 
graphs highlight the culmination of the 
efforts made by scientists all over the 
world to prioritize these hotspots so 
inimical to human survival. 


Overall species richness 

The first approach was to identify 
countries with the highest number of 
species. Studying the overall species 
richness of different countries, Mitter- 
meier“ and Mittermeier and Werner^ 
concluded that tropical countries pos¬ 
sess 70% of the world’s species diver¬ 
sity and introduced the concept of 
‘megadiversity countries’. Subse¬ 
quently, Me Neely et al.^ used country- 
specific species list of vertebrates, 
swallow tail butterflies, and higher 
plants to identify 12 such megadiversity 
countries. These are: Mexico, Columbia, 
Ecuador, Peru, Brazil, Zaire, Madagas¬ 
car, China, India, Malaysia, Indonesia 
and Australia. 


Although this approach looks rela¬ 
tively simple in that it involves species 
inventory within a geopolitical bound¬ 
ary, it suffers from serious drawbacks. 
Firstly, it takes into account only the 
species richness but not the uniqueness 
of the flora and fauna of a country or a 
region. Secondly, there may be consid¬ 
erable overlap in the species composi¬ 
tion between different regions with high 
species numbers, particularly if they are 
situated close to each other geographi¬ 
cally. Taking mammal species in two 
megadiversity countries as an example: 
271 species of mammals (excluding 
Cetaceaej have been recorded from Ec¬ 
uador and 344 from neighbouring Peru, 
but 208 of these are common to both the 
countries. Finally, high-diversity regions 
may contain large numbers of very widely 
distributed species which are currently 
neither threatened nor otherwise of spe¬ 
cial conservation concern. 

Endemic species diversity 

An alternative approach is to iden¬ 
tify areas with greatest numbers of 


Table 1. The global ‘hotspots’ and the number of endemic species^ 


Region 

Higher 

plants 

Mammals 

Reptiles 

Amphibians 

Swallow 

tail 

butterflies 

Cape Region (South Africa) 

6000 

15 

43 

23 

0 

Upland Western Amazonia 

5000 

NA 

NA 

70 

NA 

Atlantic coastal Brazil 

5000 

40 

92 

168 

7 

Madagascar 

4900 

86 

234 

142 

11 

Philippines 

3700 

98 

120 

41 

23 

Borneo (North) 

3500 

42 

69 

47 

4 

Eastern Himalaya ((India) 

3500 

NA 

20 

25 

NA 

SW Australia 

2830 

10 

25 

22 

0 

Western Ecuador 

2500 

9 

NA 

NA 

2 

Colombian Choco 

2500 

8 

137 

111 

0 

Peninsular Malaysia 

2400 

4 

25 

7 

0 

Californian Floristic province 

2140 

15 

15 

16 

' 0 

Western Ghats (India) 

1600 

7 

91 

84 . 

5 

Central Chile 

1450 

NA 

NA 

NA 

NA 

New Caledonia 

1400 

2 

21 

0 

2 

Eastern Arc Mts (Tanzania) 

535 

20 

NA 

49 

3 

SW Sri Lanka 

500 

4 

NA 

NA 

2 

SW Cote d’lvorie 

200 

3 

NA 

2 

0 

Total 

49,955 

375 

892 

737 

59 
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Table 2. Biodiversity scores for Afrotropica! antelopes^’’*^'^^ 


Step 

no. 

Cumulative 
diversity (%) 

Conservation area 

name 

Country 

1 

23.95 

Serengeti National Park (NP) 

Tanzania 

2 

37.65 

Kafue (NP) 

Zambia 

3 

47.64 

Haut Dodo Faunal Reserve (FR) 

Cote d’lvorie 

4 

56.96 

O. Rime-0. Achim 

Chad 

5 

61.81 

Yangudi Rassa NP 

Ethiopia 

6 

66.52 

Odzala NP 

Congo 

7 

71.79 

W. Pretorius GR 

S. Africa 

8 

75.29 

Manovo G St Floris NP 

Central African Republic 

9 

78.10 

De Hoop National Reserve 

S. Africa 

10 

80.91 

Gorongosa NP 

Mozambique 


‘endemic’ or ‘restricted range’ species. 
Focusing on the tropical forests, Myers**’ 
identified 10 regions or ‘hotspots’ that 
are characterized by high concentrations 
of endemic species and are experiencing 
unusually rapid rates of extinction or 
loss. These 10 areas cover only 
292,000 km^ or 0.2% of the Earth’s 
surface. Together, however, they har¬ 
bour 34,400 endemic species (27% of 
all the tropical forest species, 13% of all 
the plants worldwide). 

In a subsequent publication, Myers^ 
added further eight terrestrial hotspots, 
four in the tropical forest areas and four 
in the Mediterranean-type regions, thus 
making a total of 18 hotspots. Together 
these contain 454,955 endemic plant 
species, or 20% of the world’s plant 
species, in just 746,400 km“ or 0.5% of 
the Earth's land surface. Table 1 shows 
the number of endemic species present 
in the 18 hotspots. 

Despite its limitations, like difficulty 
in quantifying threats to the existing 
habitat, and the paucity of distributional 
information available for many of the 
world's plant species, Myers’ work 
signified an important step toward de¬ 
termining areas where conservation 
requirements are greatest and where the 
potential benefits from conservation 
measures could be maximized. As seen 
in Table 1, Western Ghats and Eastern 
Himalaya, in India, surfaced out to be 
two important global hotspots rich in 
endemic species. 

Interestingly, there exists, though not 
always, a very strong correlation be¬ 
tween the endemism in one taxonomic 
group with that of the others in a region. 
Bibby et al.^ examining the available 
data showed that the countries with high 
number of endemics in one vertebrate 
group often had high number of endem¬ 
ics in other vertebrate groups too. These 
correlations are, however, generaliza¬ 


tions, and interpretations should be 
made only after a detailed statistical 
analysis. Myers’ hotspots are also rich 
in endemism and hence are ideal sites 
for conservation priority as conservation 
of these sites might result in protection 
of a large number of endemic species in 
different taxonomic groups. 

Critical faunal analysis 

Ackery and 'Vane Wright^ introduced 
the concept of critical faunal analysis, 
which is now increasingly being used to 
determine the conservation priorities. In 
this approach the entire set of taxa 
within the group under consideration, 
e.g. single-country endemic amphibians, 
reptiles or mammals, constitutes the 
‘complement’. The site at which the 
greatest proportion of this complement 
is represented is given the first priority. 
The portion of the complement not in¬ 
cluded is called the residual comple¬ 
ment. The priority for the second site 
selection can be determined by identify¬ 
ing the site that adds the greatest pro¬ 
portion of the residual complement to 
the initial choice. The process can be 
continued in a stepwise sequence until 
all the sites have been considered and 
allocated a priority. Critical faunal 
analysis was applied for conservation of 
antelopes in the African protected areas 
(Table 2). 

Serengeti National Park in Tanzania 
is the richest single site for antelopes 
and accounts for 23.95% of the com¬ 
plement (antelopes). The second impor¬ 
tant site in terms of priority for 
conservation measure is the Kaufe Na¬ 
tional Park, Zambia. These two parks 
together hold 38% of the African ante¬ 
lope population. When the third and 
fourth sites of priority are added to the 
list, i.e. Haut Dodo Faunal Reserve, 


Cote d’lvorie and Achim Faunal Re¬ 
serve, Chad, 56.96% of the antelope 
diversity is covered. 

Conclusion 

Newer methods are constantly being 
evolved to evaluate the areas of conser¬ 
vation interest. This evaluation is not 
being restricted to species level only but 
higher levels in taxonomic hierarchy 
like the ‘genus’ and the family are taken 
into consideration. This enables conser¬ 
vation sites harbouring a monotypic 
genera like that of giant panda Ailuro- 
poda melanoleuca to get a precedence 
over the other sites. Vane Wright et 
suggest using a diversity measure based 
on information content of the branch¬ 
ing pattern of evolution (cladestic 
diversity). 

The approaches highlighted above 
have thus enabled the policy makers and 
planners to prioritize sites and target the 
limited resources available for conser¬ 
vation practices optimally. On the basis 
of Myers’ 18 hotspots World Wide 
Fund for Nature India (WWF-India) has 
launched a Biodiversity ‘Hotspots’ Con¬ 
servation Programme in 1992 which 
directs special focus on two of the In¬ 
dian hotspots, the Western Ghats and 
the Eastern Himalaya. The author is 
presently coordinating projects at these 
two sites from the WWF-India Secretar¬ 
iat at New Delhi. 
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Can animals count? 


Ten years ago Tetsuro Matsuzawa of the 
Primate Research Institute at Kyoto 
University in Japan put a 5-year-old 
female chimpanzee named Ai through a 
severe test and she came out with flying 
colours. Matsuzawa taught Ai to distin¬ 
guish between 14 different objects, 
namely, padlock, glove, shoe, glass, 
bowl, brick, rope, paper, ball, box, 
spoon, brush, key and pencil. Ai was 
shown one of these objects on a com¬ 
puter screen and she had to press a key 
that she had been taught to associate 
with that object. Similarly, Ai was 
taught to identify 11 colours, namely, 
red, orange, yellow, green, blue, purple, 
pink, browm, white, grey and black. 
Finally, Ai was also taught to identify 
numbers from 1 to 6 by pressing the 
appropriate key when she was shown a 
certain number of objects on the com¬ 
puter screen. In the final exam she was 
shown any one of the five objects, 
pencil, paper, brick, spoon and tooth¬ 
brush. The objects could be red, blue, 
yellow, green or black and there could 
be anywhere from 1 to 5 of these ob¬ 
jects. This makes 125 possible combi¬ 
nations. Ai was given 830 tests in each 
of which she was required to idcnlily 
correctly the object, its colour and the 
number of objects. Her accuracy score 
exceeded 98.5%, enough to gain her 
entrance to any IIT of her choice! And it 
is not as if Ai had not worked hard. In 
95 separate sessions, she had spent a 
total of 68 hours and 21 minutes at the 
computer and had gone through 28,799 
trials before taking the final exam. But 
the bottom line is that chimps can 
count'. It is a bold step from this to ask 
if honey bees can also count, but that is 
exactly what Chittka and Geiger at the 
Institute for Neurobiology at Berlin 
have done^. 

Chittka and Geiger worked with 
honey bees in a large meadow of about 
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2 km" which was practically devoid of 
any natural landmarks that could be 
used by the bees. This made it conven¬ 
ient for them to set up their own land¬ 
marks, which consisted of tetrahedral¬ 
shaped yellow tents, 3.46 m in height. 
As in almost all such training experi¬ 
ments, the bees were trained to accept 
sugar solution from a feeder kept at 
some distance from the hive. In the 
training period there were four tents in 
the flight path of the bees at distances of 
75, 150, 225 and 300 m from the hive 
(Figure 1). The feeder was at 262.5 m 
from the hive and thus exactly midway 
between the third and the fourth tents. 
The bees, therefore, had to cross three 
tents on their way to the feeder. 

In the first experiment, they put a 
second feeder midway between the sec¬ 
ond and the third tents at a distance of 
187.5 m from the hive, retaining the 
original feeder midway between the 
third and the fourth tents at a distance 
of 262.5 m from the hive (Figure 1). 
Out of the 39 bees tested, only one went 
to the new feeder between the second 
and the third tents while all the remain¬ 
ing 37 went promptly to the feeder be¬ 
tween the third and the fourth tents. 
This shows that the bees had actually- 
learned to go to the original feeder at a 
distance of 262.5 m between the third 
and the fourth tents and that (with one 
exception) they were not merely going 
to the first feeder" they encountered. 
What rules might the bees have em¬ 
ployed to reach the feeder of training 
and ignore another feeder that came even 
earlier in their flight path, with such accu¬ 
racy? Since there were no other natural 
landmarks, there are really only two pos¬ 
sibilities. One is that the bees had some 
independent method of estimating that 
they had flown 262.5 m and the other is 
that they learned to cross three tents 
before searching for the feeder. 


13. Vane Wright, R. I., et al.. Biol. Con- 
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In the second experiment five tents 
were placed in the flight path of the 
bees at regular intervals of 60 m. One 
feeder was placed midway between the 
fourth and the fifth tents (Figure 1). 
This amounted to a distance of 270 m 
from the hive and thus very close to the 
location of the feeder during the train¬ 
ing. The second feeder was placed be¬ 
tween the third and the fourth tents and 
this amounted to a distance of 210 m 
from the hive. Feeder one, between the 
fourth and the fifth tents at 270 m, 
would be very nearly the correct choice 
by the criterion of distance from the 
hive but the wrong choice by the crite¬ 
rion of the number of tents to cross. 
Conversely, feeder two, between the 
third and the fourth tents at 210 m from 
the hive, would be the wrong choice by 
the criterion of distance from the hive 
but the correct choice by the criterion of 
the number of tents to be crossed. Of 
the 65 bees tested, 48 (74%) landed on 
feeder one - correct by distance but 
wrong by number. It is important, how¬ 
ever, that the remaining 17 (26%) 
landed on feeder two - wrong by dis¬ 
tance but correct by number. This pro¬ 
portion of bees landing on feeder two is 
significantly greater than the proportion 
of bees (1/38) that landed on feeder two 
in the first experiment, where feeder two 
was wrong even by the criterion of the 
number of tents crossed. 

In the third experiment six tents were 
placed at regular intervals of 50 m from 
the hive (Figure 1). Now there were 
three feeders. Feeder one was betw'cen 
the fifth and the sixth tents and thus at a 
distance of 275 m from the hive, feeder 
two was placed between tents four and 
five and thus at a distance of 225 m 
from the hive and feeder three was 
placed between tents three and four and 
thus at a distance of 175 m from the 
hive. Feeder three would be the correct 
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Figure 1. Experimental design showing the numbers of tents and feeders placed in the flight 
path of the bees at different distances from the hive. Tents are shown as filled triangles and 
labelled T1, T2, etc. Feeders are shown as upward-facing arrows and numbered F1, F2, etc. 
The numbers of bees landing on each feeder in different experiments are indicated by num¬ 
bers above the arrows. 


choice by the criterion of the number of 
tents crossed but quite wrong by the 
criterion of distance from the hive. On 
the other hand, feeder one is almost 
right by the criterion of distance from 
the hive but quite wrong by the criterion 
of the number of tents crossed (five 
instead of the required three). Feeder 
two is a bit of a compromise, wrong by 
both criteria but better than feeder one 
by the criterion of the number of tents 
crossed (four instead of the required 
three but better than five) and better 
than feeder three by the criterion of 
distance from the hive (225 m instead of 
the required 262.5 m but better than 
feeder three, which is at a distance of 
175 m). Now, 28 out of the 84 bees 
tested (33%) landed on feeder one, 7 out 
of 84 (8%) landed on feeder three and 
as many as 49 out of the 84 bees tested 
(58%) landed on feeder two, which is a 
compromise between distance and the 
number of landmarks. 


In the fourth experiment, only three 
tents were used but they were placed at 
distances of 105, 210, 315 and 420 m 
from the hive (Figure 1). Feeder one 
was placed between the second and the 
third tents and thus at the original dis¬ 
tance of 262.5 m and feeder two was 
placed between tents three and four and 
thus at a distance of 367.5 m from the 
hive. Now, 80 out of the 103 bees tested 
(78%) landed on feeder one, which was 
at the correct distance but wrong by the 
criterion of the number of tents passed. 
It is striking, however, that as many as 
23 out of 103 bees (22%) chose to fly 
more than 100 m further and land on 
feeder two, which was correct by the 
criterion of the number of tents crossed 
but quite wrong by the criterion of dis¬ 
tance from the hive. 

These results clearly suggest that the 
bees are confused when the number of 
landmarks to be crossed and the dis¬ 
tance from the hive do not both match 


with what they have learned during the 
training and that the number of land¬ 
marks is at least one of the criteria that 
they use in finding the feeder. The 
authors make this conclusion even more 
convincing by considering and ruling 
out three alternate hypotheses for the 
behaviour of the bees that do not in¬ 
volve counting the number of land¬ 
marks. Can we then conclude from these 
findings that bees can count? Psy¬ 
chologists have defined three stages in 
the evolution of counting^. The first is 
called subitizing, which merely involves 
assessing the relative numerousness of 
simultaneously presented objects. The 
bees in these experiments did not see 
the landmarks simultaneously and they 
cannot, therefore, be said to be merely 
subitizing. The third stage is true 
counting, where the subject is able to 
transfer knowledge of the number of 
objects of one kind onto completely 
different objects. Clearly, this is what 
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the chimp Ai was capable of doing. She 
would correctly press the key for the 
number three whether she was shown 
three pencils or three spoons on the 
computer screen. We do not yet know 
whether the bees can perform such true 
counting and so they can only be said to 
have mastered the second stage in the 
evolution of counting, which for lack of 


a better term is called ‘protocounting’. 
The answer to the question in the title 
then is that chimps can count and bees 
can at least protocount! 
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SPECIAL SECTION 

NSU: An experiment unlikely to succeed 


Y. P. Joshi 

The abridged version of Mahajan’s pro¬ 
posal for a National Science University 
(NSU) and the comments of some aca¬ 
demics on that subject {Current Science, 
October and November 1994 issues) 
make interesting and informative read¬ 
ing. By inviting the views of your read¬ 
ers, you have initiated a debate on 
whether a science university at all needs 
to be established, and how that univer¬ 
sity, if it comes into being, should be 
managed. I understand that the Indian 
government and many others who are 
involved in the decision-making ma¬ 
chinery are already working seriously 
on the proposal, and I am almost certain 
that a debate open to all will hardly 
have any effect on their grand plans. 
Yet, I feel it would be interesting to 
share my views with the readership of 
Current Science. 

Service at a high premium 

I find Mahajan’s proposal amusing. 
There are a number of points that come 
to my mind. According to him there are 
a large number of nonresident Indian 
scientists (NRISs) who are eager to 
serve this country. Mahajan expresses 
their keenness through statements like 
f . . foreign-based Indians can repay 
some of their debts to the country of 
their birth’. Such statements sound very 
appealing and they are often highly 
effective in arousing the sentiments and 
winning the favour of those who are not 
in a position to study in detail and to 
understand an issue at stake and simply 
trust the gravity of the objectives of a 
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proposal. Statements of this sort are 
typical of politicians, who are known to 
be in the habit of exploiting the senti¬ 
ments of the masses and pose to be their 
real benefactors. But it is well-known 
that they rarely mean what they say and 
their ultimate interest lies in securing 
their own political and social position. 
The first question I should ask is 
whether the NRISs are also playing a 
gimmick just as the politicians do. If 
they are really keen to serve this nation, 
why should they do that on the terms 
and conditions dictated by themselves? 
The NSU is a facility that they demand 
before they begin to serve and this fa¬ 
cility is supposed to have a structure of 
their choice. The very idea that there 
should be a university comparable with 
the best in the West, a university where 
the NRISs form a. floating faculty, a 
university which is managed, if not fully 
then at least partly, by them and other 
foreign'scientists, a university that of¬ 
fers latest amenities to them by facilitat¬ 
ing their stay and movement (like 
proximity to an international airport), 
sounds rather ridiculous. Demanding 
this much from the country they want to 
serve is, in my opinion, tantamount to 
saying ‘Oh my country, I wish I could 
serve you, but would you first offer the 
amenities I want?’. 


NSU an international centre 

Many of my colleagues and I feel that 
an NSU that is managed in a manner 
proposed by Mahajan can be better re¬ 


garded as a foreign university on Indian 
soil. Or would it be just one more ICTP 
(International Centre for Theoretical 
Physics, Italy) based in India? I am not 
sure if the research being carried at such 
an institution can be claimed to be truly 
Indian; it should better be regarded as a 
work from an international centre. 
Whether this university would serve the 
nation is doubtful, but it would defi¬ 
nitely serve the NRISs, by offering them 
a place where they could stay com¬ 
fortably while on a visit to this country, 
so that they would have to face mini¬ 
mum amount of inconvenience. By 
having all facilities at their command, 
they would have little to lose academi¬ 
cally or in terms of physical inconven¬ 
ience and at the same time would boast 
of having served a nation facing aca¬ 
demic crisis. This is the sort of appre¬ 
hension that some of my colleagues 
harbour. 

Political and government 
interference 

The NSU is planned to have a manage¬ 
ment system totally new to us Indians. 
Whether that would succeed and would 
continue for long is doubtful. In a 
democratic country (which we claim 
ourselves to be) guided by socialistic 
ideals, it remains uncertain if the sug¬ 
gested management structure can be 
acceptable. In a country where nation¬ 
alization and denationalization of insti¬ 
tutions is a process determined by the 
whimsical political decisions of the 
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party in power, and where, in the name 
of the welfare of the society, new pro¬ 
jects are initiated by one government 
and abandoned by another, it is hard to 
believe that such a management system 
can stay for long. For the establishment 
of NSU the major contribution to the 
initial funds has to come from the 
Indian government. Will it then be pos¬ 
sible to insulate the management from 
government interference? Even for to¬ 
tally voluntary organizations, drawing 
no government grants, much depends on 
the mercy of the governments. Then 
how can a university that is supposed 
to serve a serious and noble national 
objective remain free from political and 
government interference? I fear that the 
university will eventually meet an un¬ 
predictable fate. It would have been 
better for the enthusiasts of NSU to 
show no dependence on the government 
for funds and to seek voluntary dona¬ 
tions from individuals, social institu¬ 
tions and industrial organizations. 
Establishment of educational institutions 
by nongovernment organizations is not 
uncommon. Such institutions can hope to 
suffer less from outside interference. 

Deep-rooted complex 

It is stated that the progress of NSU 
would be reviewed periodically by an 
academic body having an international 
character and consisting of some foreign 
and nonresident Indian scientists/ 
academics. I am unable to understand 
why the panel of experts should com¬ 
prise members from the international 
community. Does it reflect the deep- 
rooted psychological complex that we 
Indians have been suffering from - a 
complex that foreigners are superior to 
us not only in intellectual pursuit but 
also in critical, objective and honest 
evaluation of the progress in any field? 
Are we sure that foreigners and nonresi¬ 
dent Indians will be more objective and 
honest in making an assessment of 
NSU’s progress, and that they would 
feel more concerned for the meaningful 
functioning of the said university? It 
seems that we Indians have lost self- 
confidence and dignity and have devel¬ 
oped a habit of receiving guidance from 
international agencies on every subject. 

The human factor 

These days it has become a fashion to 
discuss the deterioration of our science 


education and science research. Who is 
responsible for the sad state of affairs is 
a question we never care to answer in 
clear terms. Very often the blame is laid 
on agencies which are vaguely defined 
in this context. We would say that the 
administration is responsible or the 
system is defective. But never do we 
realize that an administrative machinery 
or system consists of human beings and, 
therefore, there must be some of us ul¬ 
timately responsible for the mess. Who 
are they? There is rarely any categorical 
answer from any quarter. We have de¬ 
veloped the habit of passing highly gen¬ 
eralized remarks. For example, we 
might say vice-chancellors of universi¬ 
ties, directors of institutes, and heads of 
departments have not been careful in 
discharging their duties and. in raising or 
even in maintaining the standards of 
their respective organizations. Such 
generalized statements do not make 
much sense, because what is really 
needed is to identify precisely the indi¬ 
viduals who could be held responsible, 
who could be questioned for their fail¬ 
ure, who could be relieved of the re¬ 
sponsibilities entrusted to them' and, 
most importantly, against whom deter¬ 
rent (or even punitive) action could be 
initiated. No identification process has 
ever been undertaken by groups of in¬ 
dividuals, voluntary organizations or 
government agencies. When there is no 
such identification, it is hard to under¬ 
stand how the management of the pro¬ 
posed NSU would go into the hands of 
deserving individuals. Will it be possi¬ 
ble for the NSU to insulate itself from 
those who have so far been allegedly 
mismanaging the UGC, the national 
laboratories, the universities, and other 
institutions? In the present circum¬ 
stances, benefit of doubt will have to be 
awarded to everybody, and anyone who 
happens to be resourceful to earn the 
top position in some academic organi¬ 
zation will also get an entry into the 
management body of the NSU. Will the 
NSU be in safer hands? It is ironical 
that we admit the existence of all¬ 
permeating corruption in our society and 
yet never hold any human being account¬ 
able, as if some invisible force or agency is 
responsible for the sorry' state. This ap¬ 
plies to all walks of life, including sci¬ 
ence education and research. 


Island of excellence 

It is true that our educational system is 
almost collapsing and that the standard 


of research is falling. This is one of the 
strongest arguments being advocated in 
favour of NSU’s establishment. It is 
indeed unfortunate that our top intellec¬ 
tuals do not argue in favour of adopting 
corrective measures to improve the 
functioning of the existing institutions. 
And those who accept the responsibility 
of managing the institutions and are 
expected to implement corrective meas¬ 
ures, whenever these are suggested, 
have in practice little interest in doing 
something truly constructive. They suc¬ 
cumb more often than not to all sorts of 
pressures, leading to further deteriora¬ 
tion. This fact is being openly discussed 
and admitted, but none is being held 
explicitly responsible. Instead, many of 
us have come out in support of untested 
academic experiments of establishing 
newer institutions as alternatives or 
substitutes. That one or two such in.sti- 
tutions will have a visible and signifi¬ 
cant impact on Indian science is more a 
matter of wishful thinking, of overen¬ 
thusiasm, and of overoptimism, and is 
definitely not based on any serious 
analysis to understand the root causes of 
the deterioration in the field of science 
and education. In my opinion, it would 
be unwise to boast of improving Indian 
science on the basis of one or two such 
institutions, when a multitude of other 
institutions continue to function poorly 
and remain neglected. All that the NSU 
can do is to serve the purpose of a 
handful of resourceful individuals who 
are at present facing .some sort of stag¬ 
nation and are looking forward to find¬ 
ing more avenues to fulfill their 
professional ambitions. Such an elitist 
island of excellence would definitely 
offer to some fortunate scientists the 
satisfaction of working in a place as 
good as the best in the West, but the 
majority of us may receive a demoraliz¬ 
ing effect from it. 

NSU as a model 

It is being argued that the proposed 
NSU will have a very significant but 
indirect impact on Indian science. This 
will happen presumably because it will 
act as a model educational organization 
for the rest of the universities and col¬ 
leges of the country. The concept of a 
model is rather misleading in the pres¬ 
ent context. Who needs a model? Those 
who have no idea of how an organiza¬ 
tion’s performance can be improved 
need a model to imitate. Are the aca- 
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demies of Indian universities really 
devoid of meaningful ideas and are they 
just waiting for an NSU to act as a bea¬ 
con? Perhaps not, many of us know very 
well, at least in theory, what needs to be 
done. The tragedy is that we have lost 
the will to act and to translate these 
ideas into action. And this will to act 
cannot be enthused in our minds by the 
presence of an NSU. There are plenty of 
pretexts for us not to practise what we 
usually plead for in public discussions. 
The idea of models has not succeeded 
so far. To realize this we have to note 
that organizations like the IISc and the 
TIFR (and the IITs) are described to be 
doing rather (or excellently) well. Why 
have other academic institutions of the 
country not learnt anything from them 
and failed to improve their performance 
or even to arrest their falling standards? 
Some of the universities had been once 
known for their high academic stan¬ 
dards, but their glorious past is now 
history. Experience suggests that an 
NSU would not have any catalytic effect 
on the rest of the Indian universities. 

Excellence without foundation 

The major objective of the NSU will be 
to bring excellence to Indian science. 
This implies that not only will the fac¬ 
ulty of the university be consisting of 
scientists, teachers, experts in and dedi¬ 
cated to their diverse fields of activity 
but also the students graduating there 
will be equally talented and determined 
to pursue science. A pertinent question 
which deserves serious thinking is - 
who would form the intake of the un¬ 
dergraduate courses of this new uni¬ 
versity? Our attempt at achieving excel¬ 
lence at the university level is very 
much like erecting a splendid building 
on a weak foundation. At present all 
education from primary to higher sec¬ 
ondary is far from satisfactory and there 
are only a few schools left which have 
been maintaining their standards. The 
NSU would perhaps succeed in attract¬ 
ing some of the students from these 
schools, but it would be wrong to claim 
that the most talented out of the large 
youth population are being identified 
and attracted. Unless we revamp the 
lower-level education, identify the sci¬ 
entifically talented students, and en¬ 
courage them to pursue the study of 
science, we cannot hope to receive in 
NSU the best of students. It appears that 
the advocates of NSU have not given a 


serious thought to why talented students 
are unlikely to enter an NSU. In the 
existing socioeconomic conditions, a 
student’s career is not determined by 
his/her talent but by a number of other 
factors of nonacademic nature. Strong 
family pressures, disappointing em¬ 
ployment picture, political issues like 
reservations, promotional and financial 
prospects in different professions are 
some of the factors that have a profound 
effect on a student’s choice. For stu¬ 
dents from the lower and middle 
classes, employment security is often 
the first priority, and to earn this secu¬ 
rity, more and more of our science stu¬ 
dents are opting for an engineering or a 
medical profession, their individual 
tastes, temperaments and capabilities 
remaining in most of the cases unimpor¬ 
tant. The present-day students are facing 
strong stresses created by a variety of 
competitive examinations that have 
sometimes a devastating effect on their 
hopes, confidence and talent. It must be 
noted that teaching or research career 
is the last choice for the majority of 
students, who are becoming more con¬ 
scious of careers characterized by pro¬ 
fessional security, social prestige, 
administrative powers and financial 
gains. In this respect government admin¬ 
istrative services have always been the 
first choice for many bright students. 
Many of our IIT graduates are now 
switching over to glamorous adminis¬ 
trative jobs. Lately, another new trend is 
also visible: students are showing more 
interest in the study of commerce and 
business management courses, not be¬ 
cause they are specially talented in these 
fields but simply because they find it 
more profitable to join business corpo¬ 
rations and eventually become execu¬ 
tives. This means that in the existing 
circumstances, scientifically talented 
manpower is being lost to other profes¬ 
sions. In this connection, we should 
note that for the last several years the 
central government has been selecting, 
through its Science Talent Search 
Scheme, bright students at their school¬ 
leaving stage. But only a small percent¬ 
age of students continue to study sci¬ 
ence and later to accept a 
teaching/research career. Should we 
then hope that the best of brains will opt 
to graduate at the NSU to take up a sci¬ 
ence career? Admittedly, a small num¬ 
ber of students continue their interest in 
the study of science and take a research 
career, but even in their case the attrac¬ 
tion of a visit abroad and an eventual 


stay there is the strongest motivating 
force. It goes without denying that for 
us Indians a stay in the West has its own 
charms and that it adds to an individ¬ 
ual’s social status and professional 
prospects. 

Export of trained graduates 

Will the proposed NSU prove to be just 
one more export house sending trained 
graduates to the developed countries? 
The IITs were established some four 
decades ago with the high hope that the 
engineers and technologists produced 
by them will serve the needs of the 
country and will prove to be our asset. 
But it is an open fact that a large num¬ 
ber of IIT graduates leave for US and 
other countries, and the trend continues. 
There must have been some reasons for 
them to do so. It is not clear why those 
reasons, whatever they are, will become 
inoperative in the case of NSU gradu¬ 
ates. The proponents of the new uni¬ 
versity are hopeful that nothing like a 
permanent brain drain will take place, 
but they have not spelled out what solid 
grounds they have for their high hopes. 
Let us stop wishful thinking and admit 
the bitter fact of life that the first con¬ 
cern of an ordinary mortal is his/her 
own welfare. Not many people feel 
equally (or in exceptional cases, more) 
concerned with the society. People do 
migrate from one place to another in 
search of better working conditions, 
better professional prospects and more 
financial gains. NRlSs are themselves a 
testimony to this migratory phenome¬ 
non. A question then arises: Why would 
not the NSU graduates leave the country 
temporarily in the beginning and per¬ 
manently at a later stage? It is true that 
some scientists have a preference for 
staying back in their homeland, but that 
is not because of a strong urge to serve 
the nation. It is, in fact, because of 
compelling social factors like strong 
family bonds or the prospects of getting 
more prestigious and powerful assign¬ 
ments within the country. This would 
apply to some of the would-be NSU 
graduates but not to the majority of 
them as is being hoped. In fact, it would 
become a serious problem for these 
graduates to find a place of their choice. 
How can a graduate who is trained in a 
research environment comparable with 
the best in the world feel satisfaction in 
working in any of the Indian universi¬ 
ties discernibly inferior to NSU? I think 
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the proponents of NSU do not have in 
their mind IITs, TIFR, IISc and a 
handful others as the prospective em¬ 
ployers of these graduates. And what 
about the graduates of these institutions 
themselves? Unless the funding and 
working conditions of the existing uni- 
versities/colleges are improved, no NSU 
graduate would be prepared to join 
them. Ironically, proposers of NSU are 
not undertaking the task of improving 
the lot of existing academic institutions 
on priority basis. 

Science and progress 

Science is vital for the progress of the 
nation and NSU would be one step in 
this direction. This is the most impor¬ 
tant point being used by the proponents 
to justify the formation of a science 
university. For many of us progress and 
science are intimately linked things, but, 
unfortunately, no scientist has ever 
bothered to explain what really progress 
means and how science contributes to 
that progress. I do not find it easy to 
define the term progress, but I believe it 
must include in its definition all aspects 
of human existence. In the context of a 
nation, it must refer to the overall well¬ 
being of its citizens and to a state in 
which their intellectual, physical and 
social aspirations approach near-fulfil- 
ment. There is no denying that science 
has played an extremely important role 
in the advancement of human civiliza¬ 
tion. It has opened a treasure of objec¬ 
tive knowledge and in addition has 
proved to be an effective instrument in 
achieving seemingly impossible tasks. 
In this sense it is an important, may be 
essential, factor determining our prog¬ 
ress. But the most important factor is 
the human element itself Progress of a 
nation depends on the attitude, outlook, 
temperament and work-culture adopted 
by its people. At present we are facing a 
crisis of social values and many of 
our problems are essentially of social 
nature, which cannot be solved merely 
by an application of science. National 
progress demands a movement in which 
people participate actively and con¬ 
structively. Science can provide an 
instrument but cannot act as an agent to 
effect a desired result. Our society is 
heading towards a state in which there 
is no concept of accountability, no sense 
of responsibility, no respect for social 
institutions, no adherence to principled 
politics and above all no feeling of na¬ 


tional pride. I strongly believe that these 
factors have, in fact, been responsible 
for the deterioration in our education 
and science. Unless an integrated effort 
is made to bring about a social change 
and to reestablish our social values, we 
cannot hope to improve and maintain a 
high level of science research. Any at¬ 
tempt at bringing excellence in science 
is bound to be adversely affected by the 
aforesaid social factors. Will it be pos¬ 
sible for the NSU to insulate itself from 
the rest of the society so that no social 
pressures malign its functioning? An 
attitude of let’s-hope-so will not work 
miracles. 

Modesty please, no arrogance 

We should be somewhat moderate in 
emphasizing the importance of science 
and should present it in the right per¬ 
spective. Science is important for two 
reasons. The first is its knowledge con¬ 
tent - the objective knowledge that 
refers to our understanding the myster¬ 
ies of nature. The second is its applica- 
tional aspect. Knowledge is, in fact, not 
much relevant to the general public; 
only those who are involved in its study 
appreciate its worth. In this context, 
science is as much important as history, 
literature and philosophy. What really 
matters more is its applicational aspect. 
People know science not through its 
knowledge content but through its in¬ 
numerable applications to real-life 
physical problems. All societies of the 
w'orld have been supporting science 
simply because of its capability of 
solving our problems in a variety of 
fields like transport, energy, communi¬ 
cation, medicine, education and enter¬ 
tainment, and now ecology and 
pollution (which in part are the result of 
injudicious and unrestricted usage of 
new gadgets available to humankind). In 
the present age of consumerism and new 
technology-based economic order, the 
knowledge content of science is losing 
its original relevance in the eyes of the 
majority of people. What are the gains 
of science that is being done or is 
planned to be done has become an im¬ 
portant question not only here in our 
country but also the world over. The 
worth of any science research that is 
being done anywhere is being evaluated 
in terms of the technology that can be 
derived from it. This is an important 
point we should all ponder over. 
Whether research aimed at gaining aca¬ 


demic knowledge be encouraged, and to 
what extent, is a sensitive question 
which can be raised with equal empha¬ 
sis in respect of many other fields of 
human endeavour. I am not addressing 
this question here. What is needed is to 
recognize that not all research in sci¬ 
ence can find a technological applica¬ 
tion. It is not hard to identify research 
activities which can be put to practical 
use in a relatively short time. It is also 
possible to identify research problems, 
which can prove technologically rele¬ 
vant in not so distant a future. But it is 
perhaps impossible to establish whether 
a given research work can ever prove to 
be beneficial as an applicable knowl¬ 
edge. Our experience has shown that an 
element of doubt often remains there. In 
India, we have been in the habit of 
awarding this benefit of doubt to every 
piece of research. There is practically no 
monitoring of the quality of research. 
Technological progress of the country is 
the central point when we have to jus¬ 
tify and support science research, but 
when it comes to real practice we hesi¬ 
tate to evaluate even the academic worth 
of a work. Should it not be spelled out 
whether a research proposal is to be 
supported purely for academic reasons 
or for the consequential technological 
benefits? The NSU proposal does not 
make it clear, to the extent I could un¬ 
derstand, which research it would sup¬ 
port and emphasize. 

Science research and the 
changing scenario 

While emphasizing the role of basic 
science in respect of technological pro¬ 
gress of the nation, proponents of NSU 
have not paid due attention to the 
transformation that the nature and style 
of science research has undergone dur¬ 
ing this century, particularly in the sec¬ 
ond half Gone are the days when 
research was to a large extent an ama¬ 
teur activity. Now it has taken a highly 
formalized and professionalized shape 
and is governed by the concepts of man¬ 
agement, marketing and salesmanship. 
Science research is no more confined to 
the study of phenomena closely con¬ 
nected with everyday human experience 
as it used to be in the olden days. In this 
era of modern science, research means 
performance of somewhat complicated 
and highly refined experiments aimed at 
discovering and interpreting new and 
often unprecedented phenomena. Re- 
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search activity now demands sophisti¬ 
cated and expensive techniques, with 
the result that the importance of mone¬ 
tary funds and funding agencies is rap¬ 
idly growing. The funding agencies in 
their turn have to make a direct and 
foolproof assessment of the returns that 
would flow from an investment in the 
research activity. And the scientists are 
faced with the problem of how to sell 
their research work as if it w'ere neces¬ 
sarily a consumer product. It must not 
be ignored that management and control 
of science research is gradually slipping 
into the hands of multinational com¬ 
mercial organizations and the patenting 
of all applicable knowledge is becoming 
a harsh reality. Basic science research 
does sometimes result in new techno¬ 
logical advancements as by-products, 
but that happens when such research 
demands new techniques and instrumen¬ 
tation and this demand is fulfilled by 
indigenous means. In our country basic 
research often means data collection and 
analysis using imported instruments, so 
that there is hardly any question of 
achieving a technical breakthrough and 
even a refinement in instrumentation 
(defence and space research being ex¬ 
ceptions). At present, understanding 
newer phenomena and thereby building 
newer concepts is not as serious a 
problem before us as achieving a higher 
level of sophistication in existing tech¬ 
nologies. I think something significant 
cannot be attained unless research with 
indigenously developed methods and 
apparatuses is encouraged. Will the 
NSU take due care in selecting the re¬ 
search problems and the methods to be 
adopted? Or will it justify in the. name 
of progress every piece of work using 
imported apparatus? 


Any hopes? 

We are now living in the age of hypo¬ 
crisy and pretensions and the gap 
between precept and practice is rapidly 
growing. I am not quite sure if the concern 
being expressed by many of my colleagues 
is genuine. My skepticism is based on 
what I have been experiencing for about 
the last two decades as a university 
teacher. It is being openly admitted that 
almost all the universities are plagued with 
a variety of problems. Research journals 
are either not available in these universi¬ 
ties, or are available rarely in time. The 
libraries are mostly in shambles. I'heir 
examination processes very often take 
three to four months. Admission processes 
are also equally and unnecessarily slow. 
Vacations and holidays are available in 
plenty. Many of these are on trivial occa¬ 
sions and can be avoided. Add to these the 
number of days lost when these universi¬ 
ties get closed on account of one agitation 
or the other. The actual number of working 
days available for teaching some of the 
courses is much smaller than what the 
UGC demands in principle. Admission 
rules go on changing, not to encourage and 
to attract bright students but to suit the 
convenience of the university students and 
employees. Selection committee meetings 
are not held regularly, and in many de¬ 
partments vacancies continue to remain 
unfilled for several years altogether. In¬ 
discipline amidst students and employees 
has been recording a growth in majority of 
these places of learning. The list of prob¬ 
lems is not small. Ironically, some of these 
universities have on their faculties FNAs, 
FAScs, FNAScs, Bhatnagar awardees, etc., 
and others recognized nationally and in¬ 
ternationally. Many of them have been 
serving on a variety of national-level 


committees and are also strong advo¬ 
cates of excellence in Indian science. 
Perhaps they are contributing signifi¬ 
cantly at the national level, but back 
home in their respective places of aca¬ 
demic activity, these top-ranking faculty 
members have almost always failed to 
make concerted efforts to help their 
universities to get rid of the problems. 
The apathy of these colleagues is un¬ 
derstandable: in most of the affairs there 
is nothing much of their personal inter¬ 
est. In such a situation, I wonder if pro¬ 
posers of NSU would be fortunate 
enough to get a different breed of 
teacher scientists - people who are not 
only experts in their respective fields of 
activity but are also genuinely con¬ 
cerned with the problems of their insti¬ 
tutions in particular and the society in 
general. 

A closing remark 

Whenever a society is faced with seri¬ 
ous problems, there appear on the scene 
two types of forces. The first comprises 
individuals, usually small in number, 
who feel deeply concerned with the 
state of affairs and get involved in eas¬ 
ing the situation, demanding little in 
return from the society. The second 
includes those whose concern is rather 
superficial and who do not hesitate in 
exploiting the situation to their advan¬ 
tage. While doing so, they have to pose 
before the masses as if they were the 
real saviours. It is hard to know who 
belongs to which one. 


F. P. Joshi is in the Physics Depart¬ 
ment, Banaras Hindu University, 
Varanasi 221 005, India. 


The National Science University and the politics of science in 
India 


S. R. Valluri 

The scientific community owes much to 
the editor of Current Science for initiat¬ 
ing a debate in its pages in the 10 Octo¬ 
ber 1994 issue by publishing a proposal 
to start a National Science University 
(NSU). The issues raised go far beyond 
the case of NSU and indicate that not 


only the scientific community but soci¬ 
ety at large is concerned about the S&T 
scene in the country. 

The general view that emerged from 
the debate about the Mahajan/Srivastava 
proposal to start the NSU was that it 
deserved to be buried. However, few, if 


any, cared to analyse his critical obser¬ 
vations. Mahajan’s proposal was to 
correct these distortions. The contribu¬ 
tors to the debate either ignored or 
practically denied them in passing re¬ 
marks. Perhaps our awareness and per¬ 
ceptions of the politics of science 
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depend upon the institutions to which 
we belong and where we function in the 
hierarchical levels of practice, manage¬ 
ment and administration of science. 

To deny the distortions in the system 
is to pretend that we are purer than oth¬ 
ers in this regard. On the other hand, to 
quote the biblical injunction ''Let he 
without sin cast the first stone’' implies 
a tacit acceptance of its existence and a 
surrender. We have to face it if we wish 
to build science on strong ethical and 
enduring foundations. 

Mahajan's solution of creating the 
NSU is simplistic. It will be manned by 
people from the same culture. It will 
surely follow others in its practices 
sooner or later as the NRIs will only be 
part-time visiting scientists and will not 
be able to influence the critical policy 
decisions. Perhaps Bhabha had similar 
aspirations when he started TIFR. It is 
arguable as to what extent TIFR made 
an impact on the rest of the science edu¬ 
cation and research system, while retain¬ 
ing its original culture. We have to face 
the observations of Mahajan head on. 
They have mainly to do with the un¬ 
healthy ways practised by some senior 
scientists to control and remain in 
power. 

Indian practice of science 

To pretend that there are no malprac¬ 
tices and malafides in the practice and 
management of science in India is to 
ignore the obvious. Perhaps one can 
argue about the extent of such practices 
but not about their existence. Honest 
errors in judgement are always possible. 
But where there is a repetitive pattern in 
these, involving obvious improprieties, 
it is time to get worried about them and 
people who indulge in them. Broadly 
speaking, the persons who commit such 
acts may be expected to be aware of 
what they were doing, but not sensitive 
enough (if not callous) to their unfortu¬ 
nate consequences to the cause of sci¬ 
ence itself and its public image. The 
higher the level at which the malprac¬ 
tices occur, the greater the damage to 
the community. As far as the society 
which supports us is concerned, the sins 
of these few are the sins of all. What is 
more, scandalous news spreads much 
more rapidly than good news. We are all 
tarred by the same brush. In a class by 
itself is a research institution which 
declares scientists with record of achieve¬ 
ments from other institutions and 


working elsewhere as concurrent ‘hono¬ 
rary staff and records their publications 
based on work done elsewhere as its 
own - a rather unusual and amusing 
effort to project the image of instant 
excellence and achievements. While 
earlier it was individuals who could 
have been held responsible for 
‘unhealthy practices’, this is perhaps the 
first time where an institution is taking 
credit for work done elsewhere without 
mentioning the association of the author 
w'ith the institution where the work was 
actually conducted. By bestowing such 
an ‘honour’, the institution would also 
seem to be buying silence from these 
scientists who could have been other¬ 
wise critical. There is a moral and ethi¬ 
cal obligation on the part of such 
honorary staff as well as the institutions 
to follow well-established conventions 
in such matters to avoid projecting a 
misleading picture of the functioning of 
such institutions. The record should be 
a reflection of a true joint activity or a 
simple financial support for research or 
an honorary association. Otherwise, the 
government ;and the public may be pre¬ 
sented with a false picture about the 
achievements of such research institutions. 

Scientists who lead clean professional 
lives (there are many) have an unstated 
contempt for those who indulge in such 
practices. The tragedy is that they 
choose not to express their reservations 
publicly or give leadership for removing 
malpractices. To paraphrase a comment 
by Burke, ‘AH that is needed for evil to 
take over the world is for good to do 
nothing about if. There is no surer way 
of destroying institutions than such si¬ 
lence. In a very real sense, therefore, the 
S&T community itself invited the pres¬ 
ent situation by its silence, if not acqui¬ 
escence. 

The scientific community will be ul¬ 
timately judged for what it passionately 
believes in and is willing to defend. 
These scientists with conscience do not 
wish to speak, as in their professional 
lives they could be hurt badly by people 
at higher levels of the hierarchy of sci¬ 
ence. It is this ability to hurt others that 
acts as the cleft stick in the hands of the 
callous. This fear of being hurt and the 
ability of some to hurt must be removed 
if things are to change. The scientific 
community does not seem to have real¬ 
ized that there is strength among them if 
their cause is right and they act to¬ 
gether. One would not worry very much 
by what the S&T community does but 
for the fact that their functioning deci¬ 


sively influences the ability of this na¬ 
tion to join the developed world. 

Feudalistic Indian society and 
republic of science 

Pursuit of science is the most demo¬ 
cratic of all human endeavours. In spite 
of all the trappings of democracy, \vc 
are basically a feudalistic society and 
these attitudes tend to take their toll in 
science at senior levels. Committees 
designed to make the elite function in a 
democratic manner while evolving pol¬ 
icy through bodies such as senates and 
senior staff committees tend to be fre¬ 
quently ignored by institution heads in 
such a scenario. These institutions are 
public trusts and not the personal fiefs 
of people who head them. Lord AcioiFs 
aphorism about power seems to be true 
for scientists also: ‘Power corrupts and 
absolute power corrupts absolutely*. If 
we wish to establish a republic for sci¬ 
ence, not only do we need talented 
people to embrace science but also sci¬ 
entific culture and traditions must be 
nurtured in which such people can grow. 
Not all the money that the public inve,sts 
on us will amount to anything if these are 
not nurtured and made to endure. 

Funding of science and 
technology 

The less the amount of public money 
available for science, the greater will be 
the desire to influence if not control its 
distribution. There has been no real 
accountability in the expenditure on 
science through public funds, except 
possibly in space and atomic energy 
;whose plan budgets are mainly project 
specific. It is this lack of accountability 
that seems to have caused the distor¬ 
tions in the practice of science in India. 

Scientists may complain that the gov¬ 
ernment is not spending enough money on 
science. The picture for a poor country like 
ours looks somewhat different from the 
other side. Government certainly has an 
obligation to nurture and encourage edu¬ 
cation as a matter of enlightened self- 
interest. Universities also have the obliga¬ 
tion to add to this knowledge through ba¬ 
sic research. However, even in advanced 
countries like the US, funds that are spent 
on basic research are rarely more than 15% 
of the government outlay on R&D. Even 
such investments are a relatively recent 
phenomenon. The balance and the bulk 
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of the research support in the developed 
countries, even to universities, is highly 
directed, with the projects having clear 
end objectives and is rarely an end in 
itself. 

There are reasons to believe that the 
government will not hesitate to support 
programmes that are clearly seen to 
serve a national purpose. However, we 
took recourse mostly to the path of 
grants-in-aid schemes for supporting 
R&D. By definition, grant in-aid is sup¬ 
port for research a scientist wanted to 
do anyway and it was only assistance to 
him to carry on with his work. Thus, 
there is no inherent accountability in 
such grants except to the extent planned 
by the scientist himself. More often than 
not, reports on results of such research 
seem to have been filed if and when 
they were submitted or got published as 
papers in journals. The research that 
was taken up was more inspired by what 
is happening in the developed world and 
which was driven by their needs and not 
necessarily ours. If some produced high- 
quality research, it stood isolated, with¬ 
out becoming a desirable input down¬ 
stream, as it was neither inspired nor 
driven by our requirements. 

If the manner in which CSIR budgets 
are determined by the Planning Com¬ 
mission is any indication, there is little 
relationship between the proposed plan 
programmes and the sanctioned budgets 
of the S&T agencies. The Commission 
seems to determine the budgets based 
upon previous years’ actuals and a 
nominal increase on them except for a 
few departments which propose project- 
specific programmes. After meeting the 
inescapable commitments, there is not 
much money available to implement any 
long-term plans the S&T agencies may 
have conceived. This seems to have 
resulted in an ad hoc sanctioning of 
grant-in-aid projects which do not nec¬ 
essarily have clear input-output rela¬ 
tions to nationally felt urgent needs. In 
this background, the scientists seek 
funds for research conceived by them. 
In turn, members of the same scientific 
community are asked to review such 
proposals. The system has thus become 
inward-looking. It was not that their 
intentions were not honourable. They 
were specialists in their fields and could 
not take a detached overview about the 
relevance of their work in the broader 
perspective of national purpose. It al¬ 
most seems that instead of first defining 
national priorities and deriving strategi¬ 
cally targeted R&D programmes out of 


them, they ended up taking the view¬ 
point that ‘what we wish to do will be 
good for the country’. Thus, the activi¬ 
ties of the S&T departments, and the 
projects supported by them rarely con¬ 
sidered their economic implications and 
maximization of benefits for the coun¬ 
try. Broadly speaking, they remained 
somewhat isolated from the mainstream 
of planning in the country. An attempt 
was made to integrate planning for S&T 
with the planning as a whole while 
evolving the Fifth Plan. The R&D sta¬ 
tistics for 1991 issued by DST indicate 
the relative abundance of research pa¬ 
pers, etc., compared to R&D output by 
way of patents, products and process 
developments (Figures 7.3 and 7.4, p. 
37). It is seen that there were about 
16,000 publications, including books 
and technical reports, compared to 
about 1400 patents, products and proc¬ 
esses developed, etc., from direct cen¬ 
tral support. They are an eloquent 
commentary on the results of Indian 
R&D from direct central support to aca¬ 
demic and research institutions. 

Mahajan was not correct in suggest¬ 
ing that the research institutions were 
set up as the ‘universities were deemed 
to be generally unsuitable for conduct¬ 
ing high-calibre scientific research’. 
Except in a few isolated instances, they 
were conceived and structured to func¬ 
tion as an interface between the uni¬ 
versity system and the industry by 
taking up more applied research and 
technology development to help the 
industry. These are activities for which 
the universities are not structured. How¬ 
ever, the Planning Commission seems to 
have left the bulk of the S&T depart¬ 
ments alone, without serious considera¬ 
tion of the roles they have to play in 
national plans to maximize benefits. The 
industry was not too keen either to in¬ 
teract or to spend money on R&D as 
they could easily obtain production 
technologies from abroad. This led to 
the R&D institutions which have some¬ 
what better facilities taking up work 
similar to that being taken up in the 
academic institutions and in a sense 
competing with them for the limited 
plan funds for research. This has cer¬ 
tainly been helped by migration of the 
academics who have flair for basic re¬ 
search to the research institutes. 

In this scenario, with too many proj¬ 
ects chasing too few funds, the demand 
far exceeded the supply. This situation 
led to the now familiar manoeuvering by 
some scientists to have access to and, if 


possible, control or influence the distri¬ 
bution of these limited funds. The lev¬ 
erage is through membership in 
committees for sanctioning of grants, 
awards and honours or even for ap¬ 
pointment of senior staff in S&T de¬ 
partments. It helped to have a record of 
publications, honours and awards to be¬ 
come members of such committees. The 
cycle of the politics of science thus got its 
start. It had its ramifications on virtually 
all aspects of the practice and the man¬ 
agement and administration of science, 
whether in academic institutions or in the 
research laboratories or even in govern¬ 
ment S&T departments. Repetitive inclu¬ 
sion of a few scientists in the committees 
by the S&T departments which have funds 
to sanction led to the inevitable. It is not 
hard for some to develop vested interests. 
Not too infrequently, this led to the situa¬ 
tion where whom you know became more 
important than what you know. Thus were 
born the godfathers of post-independent 
Indian scientific community. 

The recent budgets for S&T reflect 
the government assessment of our con¬ 
tributions to national wealth. As a per¬ 
centage of GNP they have been going 
down. We seem to have forgotten that 
we are a poor country, that we are trus¬ 
tees of the public funds to do public 
good, that we cannot do as we please; 
that there should be an element of pre¬ 
dictability based on well-defined con¬ 
ventions in our practice, management 
and administration of science. We have 
to realize that the government does not 
really owe us a living. We have to es¬ 
tablish our credentials and explicitly 
answer the question of how the country 
is going to be benefited by our research 
activities and how much is the added 
value to the nation for every rupee in¬ 
vested on us. For example, selling a bill of 
goods to the government on an expensive 
project such as superconductivity esti¬ 
mated to have cost the nation about Rs 50 
crores without spelling out the technologi¬ 
cal end objectives worthy of such expendi¬ 
ture was less than responsible. As long as 
we continue to use our access to the politi¬ 
cal arm of the government to sell a bill of 
goods on which we do not or cannot 
deliver, we cannot expect the public to 
support us. 

Responsibilities of S&T 
personnel 

We may reject Mahajan’s proposal. But 
if we are honest to ourselves, we cannot 
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question his underlying premise. We 
have to accept that all is not well with 
Indian science. We are responsible for it 
and we have in a sense become fallen 
idols. We have taken the government 
and public sympathy for granted for a 
long time and virtually done as it pleased 
us while the government thought that in¬ 
vestments in science were good for the 
country and the scientists may be trusted to 
do good for the public in return, sooner or 
later. This faith in a very real sense was 
enunciated in the Scientific Policy Reso¬ 
lution, as early as 1958. 

Each one of us has to do some 
introspection and ask ourselves how- 
well we lived up to these expectations. 
It would seem that the government has 
passed its judgement on us that we have 
not been accountable to the extent de¬ 
sired. It has now started insisting that 
we take up sponsored research to build 
accountability and cover part of the cost 
of running these institutions. 

There will always be exceptions. One 
notes with a sense of pleasure the in¬ 
tegrity demonstrated by the director of a 
research laboratory when he withdrew a 
proposal for an award when the tech¬ 
nology did not prove itself at the indus¬ 
try level. But, by and large, the picture 
that seems to emerge is not complimen¬ 
tary to us. Mahajan’s comments have 
substance and can only be ignored by us 
at our peril as a nation aspiring to Join the 
developed world. 

True, as a body, the scientific com¬ 
munity deserves more funds but not for 
us to keep on doing what we like. The 
truly gifted with aptitude for research 
must be supported without question. We 
have to make efforts to find them and 
nurture them. But for the rest of us, 
support can only be on the basis of 
competitive bidding on projects which 
are determined to contribute to the na¬ 
tion’s growth in a discernible and direct 
manner, or better still, as matching 
grants when an industry sponsors an 
R&D programme in an academic or a 
research institution. It is better for the 
government to set apart specific funds 
for such a purpose. The heads of gov¬ 
ernment S&T departments bear a major 
responsibility in this regard. 

Need for a code of ethics 

To establish our credibility, we have 
to remove all traces of feudalism 


in our functioning and avoid practices 
that encourage development of vested 
interests. In this, the scientific com¬ 
munity as a body has an important role 
to play. A representative cross-section 
of staff in the academic institutions and 
research laboratories have to evolve 
through consensus, a self-regulating 
code of ethics for the practice, manage¬ 
ment and administration of science. It 
could perhaps be one along the lines of 
the honour code at one of the most well- 
known American institutions; ‘No 
member of the community shall take 
unfair advantage of any fellow member 
of the community’. This honour code is 
all encompassing. Elected peer groups 
monitor the functioning of their col¬ 
leagues at each level with the provision 
of an appellate authority. There should 
also be an Office of Research Integrity 
to function where the issues transcend 
institutional barriers. It would seem that 
only those scientists who indulge in 
unethical practices in science can object 
to these proposals. The very existence 
of these codes and offices is bound to 
have a salutory effect on the functioning 
of the scientific community. It would 
seem that no scientist (except on an ex- 
officio basis) should be included in any 
committee more than once or at the 
most twice to avoid the development of 
vested interests among them. No scien¬ 
tist should be considered so indispen¬ 
sable, least of all, science administrators 
with executive authority in their hands, 
beyond the age of 60. Over the years, 
they will have developed too many 
vested interests and likes and dislikes to 
be impartial in their Judgement. 

Suggested solutions 

People in any society find it convenient 
to function at the level of the lowest 
common denominator, if they can get 
away with it. Pursuit of excellence and 
maintaining high standards and building 
enduring traditions for them demand 
eternal vigilance and hard work. As 
these are not easily achievable objec¬ 
tives, there is some merit in Mahajan’s 
suggestion for pursuit of excellence in 
science in only one institution to start 
with. In any case, it is too expensive to 
attempt it across the board. If it is pro¬ 
posed to create the NSU with entirely 
private funds, there is no reason why the 
experiment should not be tried. It is a 


noble objective for the NRIs to get to¬ 
gether to start such a university, if they 
care enough. American ethos is replete 
with examples of private contributions 
to the causes of public good, especially 
for education. In recent times diey have 
been collecting billions of dollars for 
education from the private sources. One 
would hope that the proposed new UGC 
guidelines for private universities would 
not impose constraints on their main¬ 
taining high standards even in recruit¬ 
ment of staff or admission of students. 
The NRIs may well soon have the doors 
open to try out such an experiment. 

However, as far as the public funds 
for education are concerned, it is more 
desirable that substantial additional 
funds be given to the centrally adminis¬ 
tered educational institutions such as 
the IITs, IISc, etc., where a good base 
for science already exists, to nurture 
them as centres of scientific excellence. 
Such investments go much farther in 
strengthening them for high-level 
teaching and research. Close relations 
betw'een them and research institutions 
must be established. These institutions 
may be prevailed upon to set in place a 
self-regulating code of ethics for prac¬ 
tice, management and administration of 
science to build accountability in the 
system at all levels. Successful imple¬ 
mentation of such practices in the cen¬ 
trally administered institutions will 
certainly form a model for others to 
emulate. Together they offer the critical 
mass to sustain a revolution in the eth¬ 
ics of Indian science education and re¬ 
search if they take the ideas seriously. It 
is the lack of these that Mahajan really 
pointed out in his proposal for the NSU. 

The Academies may wish to consider 
convening Jointly a conference of the 
interested parties from all levels, includ¬ 
ing students and Junior staff, to evolve 
such a code and help bring into exis¬ 
tence an Office of Research Integrity 
also at the government level to deal with 
malpractices that transcend institutional 
and national barriers. In a very real 
sense, we have to establish our creden¬ 
tials if we expect the government to listen 
to us. We are condemned otherwise in our 
efforts to become a scientifically and tech¬ 
nologically advanced nation. 


S. R. Valluri resides at 659, 
“Prashanti”, 100 Feet Road, Indira 
Nagar, Bangalore 560 038, India. 
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National Science University: A rejoinder 


P. N. Srivastava 

I had published an article The Concept 
of a National Science University (NSU)’ 
in Current Science, 1994, 67. Another 
article had been written by Svvadesh 
Mahajan of the University of Texas at 
Austin, USA, as well. 

It is heartening that the articles at¬ 
tracted the attention of many scientists, 
who made numerous valuable com¬ 
ments. Quite a few comments were also 
made perhaps because of the ignorance 
of facts and the details of the structure 
of the proposed university. I had de¬ 
layed sending a rejoinder since a 
Committee was still working to draft the 
structure of the University, which is 
now ready. I am sending the report to 
all the persons who had commented and 
many others with the hope that they will 
now give their well-considered critical 
comments for our enlightenment. 

In brief, it may be stressed that the 
concept and the structure of the Natio¬ 
nal Science University is a fundamental 
departure from what is existent; it is 
anything but an extension of the current 
university concept. The university has 
to be funded with full recognition that 
almost every modality proposed is new; 
we need all this newness to be scientifi¬ 
cally and technically ready to meet the 
challenges of the times to come. And 
finally, when the experiment succeeds, 
perhaps many more universities will be 
established with the support of the pub¬ 
lic, business and industry. It is also 
hoped that existing universities may 
also change and discard their rigid atti¬ 
tude and change to meet the challenges 
of today and of the future. 

The amount of tuition fee charged in 
NSU will be basically symbolic, which 
may yield only 5-6% of the recurring 
teaching budget (and not of the adminis¬ 
trative and capital expenditure). What is 
more important is that the university 
will support all those students who are 
not in a position to pay even this 
amount. Once admitted, all financial 
needs of a needy student will be taken 
care of by the university. Admission to 
NSU will be a sure passport to NSU 
education. 

The NSU will be a fully autonomous 
and independent entity and plans to be 
self-sufficient and self-sustaining. It 
will be completely outside the Jurisdic¬ 


tion of the Ministry of Education or the 
University Grants Commission. The 
university will be run by its (a) Board of 
Trustees, (b) Executive Committee, (c) 
Academic Council, and (d) International 
Advisory Committee. 

Coming to the one-time outright grant 
of Rs 200 crores requested from the 
government (the other Rs. 200 crores to 
be raised from the public, industry and 
NRIs), let me explain what it means. It 
may appear to be high but this amount 
is spent in about ten years’ time in 
smaller central universities such as 
Jawaharlal Nehru University, Hydera¬ 
bad University and North-Eastern Hill 
University. The NSU is, however, going 
to be for eternity and will have to sup¬ 
port itself without any further govern¬ 
ment grant. This amount will also show 
the earnestness of the government for 
the new venture and thus will facilitate 
collection of donations from others. The 
amount is also not sacrosanct and, if 
considered necessary, may also be re¬ 
funded to the government after some 
years. 

Let us take another point. The gov¬ 
ernment at present, is spending about 
3.9% of the GNP on education. Even if 
this is increased to 6% of the GNP in 
the next IXth Five-Year Plan as has 
been promised by the present Prime 
Minister as well (and had been done by 
the earlier Prime Ministers also), it will 
not be able to support higher education 
fully since it is very expensive. The 
primary need will be that of good pri¬ 
mary and secondary education, which is 
essential for good university education. 
Hence, it is necessary that the public 
come forward to support higher educa¬ 
tion. The US Government spends 7.5% 
of its huge GNP on education but it is 
very well known that almost all the 
premier institutes of higher education 
are not covered by this since they are 
self-supporting and do not depend on 
government support. However, this is 
also true that most of them had been 
started initially by government support, 
some decades and a few even one or two 
centuries ago. 

Our attitude for initial governmental 
support should not be that of a dog in 
the manger. I am reminded of the atti¬ 
tude of university vice-chancellors when 


the discussions for the Vlllth Five-Year 
Plan were being held in the University 
Grants Commission while Manmohan 
Singh, the present Finance Minister, 
was the Chairman. The general discus¬ 
sion was centred around questioning the 
higher allocation, made to the central 
universities and not on asking for a 
higher allocation - equivalent to that of 
the central universities to the state uni¬ 
versities. This is nothing new and our 
famous Indian crab mentality to pull 
things down rather than raising them up 
is very well known. Every one knows 
that the funding of the central universi¬ 
ties is also poor compared to institutes 
like the Indian Institute of Science. 
Bangalore, or the Tata Institute of Fun¬ 
damental Research, Bombay, or the 
Indian Institutes of Technology. Again, 
if there is only Rs 200 crores to be allo¬ 
cated and the question is asked whether 
it should be allocated to about 20 odd 
universities or the NSU, I will be the 
first one to say that it should be allo¬ 
cated to the former. 

After going through the concept and 
the structure of NSU, I would like peo¬ 
ple to tell us how the university is 
meant to be a place for the benefit of 
NRI scientists. Further, what is wrong 
to expect that about 20-25 (out of a 
faculty strength of 200-250) well- 
established eminent Indian scientists 
working abroad should decide to return 
to India for good to give a boost to this 
university by working here? If they have 
worked abroad for a number of years, 
why should they become unacceptable? 
Does this apprehension reflect the 
strength of our science that we boast of? 
What sort of attitude is this? What is 
wrong to expect 20% of the faculty to 
be mobile both in India and abroad? Is 
this not permitted even now in our good 
existing universities? 

It is absolutely wrong to dump the 
proposal for the establishment of the 
NSU in the name of a NRI proposal. It 
is not. Many of us (more of those who 
had been working in the universities) 
like R. P. Bambah, V. G. Bhide and 
others had been struggling with various 
ideas of improving university education 
in India. Persons working in various 
national laboratories or in institutes like 
Indian Institute of Science or Tata Insti- 
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lute of Fundamental Research may not 
be aware of this nor of the conditions 
under which the universities in India 
deteriorated. 

I would now like to answer the ques¬ 
tion - why this National Science Uni¬ 
versity? It is very well known that 
advanced societies are supported by 
twin pillars, namely (1) innovative sci¬ 
ence and technology and (2) rational, 
systematic, spirited and enterprising 
management. The former provides the 
basic substance and the essence of ma¬ 
terial progress, in which, whether we 
like it or not, we are weak, while in the 
latter we are strong and it is recognized 
all over the world. Further, we have 
ample talent which has to be fully har¬ 
nessed. There has been substantial so¬ 
cietal and governmental commitment to 
science and technology although it is 
unfortunate that during the last few 
years our budgetary allocation to sci¬ 
ence and technology has been reduced. I 
am sure, the government will, sooner 
than later, realize this and will increase 
the allocation to at least 2% of the GNP 
before the end of the century. 

We have an energetic and ambitious 
new generation that exhibits new mind 


set keen to learn, explore, take risks and 
innovate. We have only to provide 
proper facilities and environment for 
them to grow. Our national laboratories, 
which have better research facilities and 
consume most of the budget allocation 
for science and technology, and a num¬ 
ber of our good institutions such as 
Indian Institute of Science, Bangalore, 
Tata Institute of Fundamental Research, 
Bombay and the newer universities 
(including central universities), do not 
have undergraduate teaching and hence 
lack proper and effective mechanism for 
regeneration. I would like to know in 
which first-rate teaching institution in 
the world undergraduate teaching is not 
done? In fact, the best scientists teach 
the undergraduates to trigger the young 
minds. In the last Court meeting of 
the Indian Institute of Science, Banga¬ 
lore, held only a few weeks back, I sug¬ 
gested that the Institute may examine if 
they could initiate a small integrated 
5-year M Sc programme. One should 
only have seen the alarm that was 
raised, as if the Institute would collapse 
if the suggestion was even examined, 
what to talk of starting the programme. 
Flowever, it was heartening that some of 


the members such as M. Vijayan .sup¬ 
ported the idea. I am, however, sure that 
no effort will even be made to examine it. 

The universities in India are impover¬ 
ished, may have facilities only for one- 
third the number of students that they 
admit, have little incentive and few fa¬ 
cilities for quality research and thus 
cannot attract the best of minds to carry 
teaching and training responsibilities, 
and above all are too rigid to change. It 
is fortunate for us that there are some 
exceptions to such a situation but the 
number of such universities is very 
small. The separation of teaching and 
research is fundamentally flawed and 
detrimental to both. 

The time to think about this is now, 
even though it is already late. Economic 
liberalization implies global competi¬ 
tion; creation and rapid application of 
new scientific knowledge is vital for 
economic survival in this area. We can¬ 
not afford to live on borrowed imitative 
ideas in science and second-rate im¬ 
ported technology. 


P. N. Srivastava is in Nuclear Science 
Centre, J. N. U. Campus, New Delhi 
110 067, India 


The proposal to establish a National Science University as a consequence of a nonresident Indian initiative was 
highlighted in the 10 October 1994 issue of Current Science. The publication of the preliminary NSU proposals 
generated much comment. We reproduce below the final report of the committee set up for the ‘concretization' of 
the NSU concept. 

- Editors 


National Science University: Final Report 


Synopsis 

After due deliberations the committee 
appointed to examine the conceptual 
proposal for the establishment of the 
National Science University (NSU) 
strongly recommends that the Govern¬ 
ment of India should make immediate 
and appropriate commitments towards 
turning this concept into reality. 

1. It is recommended that the Gov¬ 
ernment accept the conceptual report, 
and allocate Rs. 100 crores as start-up 
capital and contribute another Rs. 100 
crores towards the formation of a Per¬ 
manent University Fund (PUF) to be 
invested and administered by a Trust. 
The income from these investments will 
provide the resources for the normal 
running of the NSU. 


2. For the NSU to meet its goals, an 
annual recurring expenditure of Rs. 30-45 
crores will be needed. The PUF, therefore, 
must be built to the tune of Rs. 300 crores. 
The balance of the money (Rs. 200 crores) 
will be raised from the nonresident Indi¬ 
ans and from the industry/business and 
people of India. 

3. The management of the Incorpora¬ 
tion (Nonacademic part of the Univer¬ 
sity) will be left entirely to the Trust to 
which the Government of India will 
nominate its (identify by name, but not 
by generic titles) representative(s). The 
academic parts will be managed by the 
faculty alone. An international advisory 
committee to provide initial guidance 
and eventual ‘watch dog’ role will also 
be constituted. 

4. Once the conceptual report is ac¬ 
cepted, a preparatory office will have to 


be established, and a committee ap¬ 
pointed to work out the details for the 
launching of the University. 

5. Academic programmes, curricula, 
modes of assessment, etc., will be 
worked out ‘dynamically’ by the fac¬ 
ulty, who will also take care that the 
university is actively engaged in identi¬ 
fying as well as participating in newly 
emerging areas of study and research. It 
is expected that at least about 20 Indian 
scientists of repute settled in United 
States will return to India as faculty 
members of this University. 

6. To provide continuing excellent 
education and research training, the 
university will recruit students immedi¬ 
ately after secondary schooling. In later 
times, it is hoped that the influence of 
the new University (and of others based 
on similar models) will be felt in at least 
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National Science University - A chronology 


May 1993 
Dec. 1993 
April 1994 
May 1994 


UGC appoints a Committee^ to prepare a document on the concept of NSU 

Committee submits a report 

Presentation based on report to the Prime Minister 

Ministry of Human Resources Development asks UGC to constitute 
another committee for developing a document on the structure of the 


NSU 


June 1994 UGC constitutes the Committee^ 

Jan. 1995 The Committee finalizes the document on the structure of NSU^ 


^P. N. Srivastava (Delhi), P. Rama Rao (Delhi), S. K. Joshi (Delhi), Gopi Arora (Delhi), A. S. 
Nigavekar (Pune), S, M. Mahajan (Austin), S. K. Khanna (Delhi). 

^P. N. Srivastava (Delhi), J. V. Narlikar (Pune), G. Mehta (Hyderabad), Gopi Arora (Delhi), M. M. 
Sharma (Bombay), A. Sen (Gandhi Nagar), P. M. Bhargava (Hyderabad), Deepak Kumar (Delhi), 
C. N. R. Rao (Bangalore), A. S. Paintal (Delhi). 

^Report reproduced in this issue. 


some of the secondary schools where a 
much improved modality of science 
teaching (aided and abetted by the 
NSU) will replace the current, static, 
memory-based stagnant methodology. 
The degrees awarded by the NSU is a 
relatively minor issue and will be dealt 
with at a later time. 

7. The admission to the university 
will be made through a competitive 
process which could consist of possibly 
an examination and a personal assess¬ 
ment by the faculty members. We wish 
to keep enough flexibility that some 
extremely bright people who do not do 
well in the examinations are not lost to 
us due to the ‘mechanical rigidity’ of 
the admission system. 

8. Much time and effort will be 
spent in choosing the student who joins 
the NSU. It is, therefore, essential 
that once admitted a student must not 
be allowed to drop out due to 
family financial constraints. Those who 
can afford to pay should pay and those 
who cannot must be fully supported by 
the university through outright grants, 
work study programmes, interest- 
free loans, etc. The elitism in the new 
university will be based only on raw 
talent and dedication and on nothing 
else. 

9. With the expected resources 
tl;e university should be able to 
support a faculty of about 200 with 
a total student body of 1000--1500 at 
the aspired levels of excellence. 
The optimal division between the un¬ 
dergraduates and graduate students 


(working towards a Ph D) will be 
determined by the wisdom acquired 
through experience. 

10. The faculty and student will be 
the principal citizens of the NSU, and 
the administration will have its natural 
supporting role. Independent career 
ladders will be provided for the faculty 
and for the administrators; no scientist 
should ever feel the need to become 
an administrator merely because more 
facilities and privileges go with the 
latter. The administration as well as the 
administrative expenditure will be kept 
at rock bottom level necessary to main¬ 
tain smooth operations. Administrative 
rules and regulations will be the minimal 
possible. 

It must be stressed that the concept of 
NSU is a fundamental departure from 
what is existent; it is anything but an 
extension of the current university con¬ 
cept. If the spirit of the enterprise is not 
fully respected, it will not be worth our 
while to attempt this experiment. The 
University should be funded with the 
full recognition that almost every 
modality proposed is new; we need all 
this ‘newness’ to be scientifically 
and technically ready for the years to 
come. 

It is extremely encouraging for us 
to report that the states of Haryana, 
Rajasthan and Gujarat are very 
much interested in having the NSU 
located in their state, and are 
favourably inclined towards donating 
land. 


Structure 

Preamble 

A detailed analysis of the state of Indian 
science and higher education has led us to 
the conclusion that we must experiment 
with new ideas in order to raise qualita¬ 
tively the standard of Indian higher educa¬ 
tion and, as a result, of Indian science. The 
following is an indicative short list of 
some of the serious problems with our 
higher-educational-scientific effort: 

1. Since independence, an unmiti¬ 
gated horizontal expansion in the number 
of colleges (700-7000), universities (20- 
200) and enrolled students (200,000- 
4,500,000) has strained the available 
resources to the hilt, with the result 
that we have not been able to pro¬ 
vide necessary library, laboratory and 
other facilities required for proper edu¬ 
cation. It is estimated that one-third of 
our universities are totally nonviable, 
most of the rest barely manage to exist, 
while a handful are heroically strug¬ 
gling to provide the much-needed 
education. 

2. The Indian university, even at its 
best, is not structured to train the pupils 
to think, question, and examine and 
investigate critically. We do have some 
good scientific institutions in the coun¬ 
try, but they, in general, do not impart 
undergraduate education. The efficacy 
of ‘teaching and research under the 
same roof ’ is recognized by all scien- 
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tifically advanced societies, but unfor¬ 
tunately this has not happened in India. 

3. Higher education in India has al¬ 
ways been believed to be the responsi¬ 
bility of the state alone. Although the 
recent statement of the Prime Minister 
that the education budget will be raised 
from 3.9 to 6.0% of GNP (a figure rec¬ 
ommended by the Kothari Commission, 
1964, and adopted by the National Pol¬ 
icy of Education, NPE, 1986) is heart¬ 
ening and encouraging, one must note 
that much of this increase would and 
should go to the crying social need - 
primary and meaningful secondary edu¬ 
cation. Even if the investment in educa¬ 
tion is increased to 7.0 or 8.0% of the 
GNP, the government will not be able to 
support higher education fully since it is 
very expensive. In USA the government 
spends 7.5% of the GNP on education 
but still it is very well known that al¬ 
most all important and major universi¬ 
ties raise their own resources for 
support. It was only initially that they 
were started with governmental support. 

Since the major direct beneficiaries of 
higher education are, apart from the 
society in general, advanced industrial- 
business houses of the country (in addi¬ 
tion to the state-owned enterprises), it is 
imperative that the private sector should 
become involved in supporting higher 
education in general, and scientific- 
technical research in particular. A close 
cooperation between the university re¬ 
search and industry is crucial for both the 
high-quality university system to exist and 
function effectively and for the industry to 
be more innovatively productive. 

It was in the light of these and several 
other issues that the idea of a National 
Science University (NSU) as a possible 
vehicle for beginning the transformation 
towards a more responsive, dynamic, 
innovative and aggressively creative 
scientific and higher educational struc¬ 
ture had naturally emerged. The salient 
aspects of the NSU concept, its scope, 
and its possible impact on Indian sci¬ 
ence (and Indian society, at large) have 
been discussed in great detail in the 
attached document. This paper, under 
separate headings, will concretize some 
of the ‘concepts’ which form the very 
fabric of the NSU. 

Schools - Academic 
programmes 

Ideally, the research and teaching in a 
great university must encompass the 


entire field of thought. And if our criti¬ 
cal experiment of creating a first-rate 
university devoted to basic sciences is 
successful, we would certainly increase 
the scope of the NSU. But to begin 
with, we intend to concentrate on basic 
sciences. The NSU will consist of five 
basic units: the departments of (1) 
mathematics, (2) physics-astronomy, 
(3) chemistry, (4) biology and (5) com¬ 
puter sciences, each with a balanced and 
vigorous theoretical and experimental 
research programme. These departments 
are expected to be individually strong 
and strongly interactive with one an¬ 
other; the growth of the entire spectrum 
of applied sciences is considered to be 
highly desirable and will be automatic. 
It has to be emphasized that useful, 
tangible and effective research in any 
applied area (meteorology, soil conser¬ 
vation, environment, patterns of river 
flows) requires a thorough grounding in 
physics, chemistry, mathematics and 
biology, without which it is difficult to 
develop a rational basis for understand¬ 
ing the observed phenomena and pre¬ 
dicting the future outcome. Thus, the 
education and research planning at NSU 
will take full cognizance of its special 
role of providing sound basic training 
for all research, pure and applied. 

For an overall development of the 
student, and also to simulate our even¬ 
tual state, about 10% of the faculty 
will be in the humanities. In addition to 
covering essential and conventional 
subjects, the humanities faculty will 
specialize in epistemology and the his¬ 
tory and sociology of science. 

The broad academic programme of 
the university consists of two principal 
components, namely: 

1. undergraduate studies, 

2. graduate school. 

. 1. Undergraduate studies. This 
course will consist of a 4-year intensive 
study programme after higher secondary 
(class XII) leading to a B Sc Honours 
degree in order to distinguish it from 
the normal three-year programme which 
leads to the conventional B Sc degree. 

2. Graduate school. We propose a 
single graduate degree, the Ph D 
(although in the process they will earn 
M Sc degree also after they have com¬ 
pleted their course work since for em¬ 
ployment in India in almost all the 
universities a basic M Sc degree is con¬ 
sidered as minimum qualification) in 
order to avoid the waste of time and 
precious resources involved in subject¬ 


ing students to a list of additional 
degrees, namely M Phil, etc. This ten¬ 
dency to indulge in issuance of such 
additional degrees results from the in¬ 
decisive nature of our educational sys¬ 
tem. In other words, our society is 
unwilling to take clear-cut decisions as 
to what it wants to do with its youth. 

Instead, the NSU will be sharply fo¬ 
cused. A student’s research-worthiness 
will be determined in an intense and 
highly interactive four-year programme. 
The graduate school will have its own 
set of criteria by which to judge a stu¬ 
dent. This means that a student who 
received his or her undergraduate edu¬ 
cation at another institution will be 
judged according to a set of universally 
applicable principles; lateral entry into 
the system will thus be possible and 
even encouraged. 

Since the philosophy behind and the 
purpose of the NSU is that it should be 
a training ground for top-rate scientists, 
the educational curricula must stress 
and hone those aspects of the mind 
which are crucial to making inventions, 
discoveries and innovations. Thus, the 
development of reasoning, investigative 
and critically imaginative faculties is to 
be emphasized. Providing information 
and knowledge is, of course, a basic 
ingredient of any sensible curriculum, 
but doing so alone will not make a dy¬ 
namic and creative scientist. The gen¬ 
eral classroom instruction will be 
augmented by a variety of structured as 
well as semistructured programmes such 
as homework to develop problem posing 
and solving abilities, group discussions 
between the students and faculty and 
between the students themselves, and 
student seminars. There will be contin¬ 
ual contact with the investigations being 
carried out by the faculty and the 
graduate students. To encourage stu¬ 
dents to develop independent thinking 
and working habits, there will be un¬ 
limited access to well-stocked libraries 
and well-equipped laboratories. More¬ 
over, for the more adventurous and in¬ 
spired students, funds should be made 
available for pursuing their own re¬ 
search ideas. It is hoped that the highly 
successful formula ‘Teaching and Re¬ 
search in close physical contiguity and 
deep intellectual relationship’ will be 
deeply enshrined in the NSU. 

Although the details of the course 
work, evaluation patterns and examina¬ 
tions will evolve with the evolution of 
the university itself, there are a few 
necessary and important guidelines. 
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Every student admitted to the NSU must 
take (or qualify by examination or in¬ 
terview) a basic set of courses in mathe¬ 
matics, physics, biology and chemistry 
before they choose their major. In the 
modern era, where interaction between 
scientific disciplines is strong and cru¬ 
cial, a thorough grounding in the fun¬ 
damental sciences is necessary. 

The graduate school programme will 
consist of an year or two of advanced 
course work supplemented by guided 
research on specific topics. The time 
will depend on the quality and training 
of the graduate students the NSU gets. 
The Ph D program will be open to 
everyone with at least an undergraduate 
degree from any Indian university and 
hence, for a while, the graduate school 
is likely to be very heterogeneous. In¬ 
dividual attention and training is essen¬ 
tial in order to bring students to accept¬ 
able degrees of trained competence. At 
the end of this period, a comprehensive 
exam will be conducted and the students 
who pass will be formally admitted to 
Ph D candidacy and will thus begin to 
work on their dissertations under the 
guidance of one or more of the faculty 
members. Those who fail will have one 
more chance (the time between the two 
exams will be decided later) and, if still 
unsuccessful, will no longer remain in 
the Ph D programme. After satisfying a 
few nominal requirements, these stu¬ 
dents will be given a terminal M Sc 
degree. It is again understood that the 
graduate student will be encouraged to 
be independent, inquisitive, innovative 
and creative. The amount of guidance 
will be consistent with the students’ 
needs. An intellectually mature student 
with ability and drive could choose a 
totally independent line of enquiry and 
will have the blessings of the faculty. In 
fact, the emergence of powerful, self- 
propelling young minds will mean the 
fulfilment of the NSU’s mission and its 
tryst with the society. 

All selected graduate students will be 
supported by the university at an ade¬ 
quate level (to be determined by the 
prevailing conditions). It will be expec¬ 
ted that the graduate students, in addi¬ 
tion to pursuing their primary mandate, 
will perform useful functions for the 
rest of the community: Assisting the 
faculty in grading homework and ex¬ 
aminations, offering assistance in ques¬ 
tion-answer session, conducting lab 
sessions and other campus jobs. At no 


time, however, will a graduate student 
be required to spend more than 10 h a 
week on these activities. 


Faculty level, student strength, 
modes of selection 

The NSU, with its emphasis on quality 
education and research, has to be of a 
moderate size. Yet, if it is to cover the 
entire gamut of basic sciences at an 
effective level, it cannot be too small: a 
‘critical mass’ is essential. The size of 
the faculty is the single most important 
parameter of the entire enterprise. 
Among other things, it will determine 
the size of the student body as well as 
the cost of building and maintaining the 
NSU. We believe that an eventual fac¬ 
ulty of 200-250 will be needed to carry 
out the NSU mandate, i.e. teaching, 
research and liaison with the industry. 
Given the constraint of‘excellence’ and 
the faculty size, the size of the student 
body is more or less determined. Learn¬ 
ing from the experiences of some of the 
great universities of our times, it is pro¬ 
posed that at its peak strength the NSU 
may have about 1500 students, whose 
division amongst graduate and under¬ 
graduate sections will be decided by the 
requirements of a healthy balance be¬ 
tween pedagogy and direct research. 
This rather low student-teacher ratio 
will go a long way in ensuring that our 
best young minds are given intense and 
personalized training so that they may 
have a chance of reaching their full 
potential. 


Faculty selection 

It is a truism that a university is only as 
good as its faculty. Thus, acquisition of 
an intellectually distinguished and peda- 
gogically inclined faculty convinced of 
the importance and mission of the NSU 
experiment is the most critical and 
daunting task of the NSU founders and 
facilitators. The recruitment of the 
faculty will be done in several stages: 

1, Initially, a few highly reputed and 
distinguished people in each discipline 
will be chosen by a designated subset, 
headed by the Chief-Executive of the 
NSU, of the Board of trustees. The se¬ 
lection will be done with the active 
participation of and advice from the 
‘International Advisory Committee’ 
constituted to advise and guide the NSU 


executive and faculty on all substantive 
matters, particularly academic matters. 
The initial group will hopefully consist 
of an even combination of senior and 
established scientists and junior resear¬ 
chers of demonstrated potential. Need¬ 
less to say, utmost care and attention 
has to be paid to this fundamental task 
because these people will not only form 
the core of various departments but will 
also be responsible for the recruitment 
of the rest of the faculty. 

2. The core groups so selected will 
shoulder the primary responsibility for 
the choice and selection of their peers. 
This process is likely to be lengthy and 
painstaking. Although most procedural 
matters will be worked out at an appro¬ 
priate stage, it is necessary to spell out a 
few desirable musts for the selection 
process: 

(a) The university will be constantly 
on the look out for outstanding re¬ 
searchers in all age groups for induction 
into the faculty. It will not have fixed 
number of positions in any particular 
category. Appointments to the NSU 
faculty will normally be made by solici¬ 
tation and invitation. However, standard 
advertisements will also be given in 
major newspapers/journals and merito¬ 
rious candidates will be given due con¬ 
sideration. 

(b) Appropriately formed search 
committees will seek and invite possible 
contenders for the NSU faculty to come 
and spend a week or so interacting with 
the students and the faculty through 
seminars and group and individual dis¬ 
cussions. This will be the so-called 
‘interview’ consistent with the status 
and scholarship of the future NSU 
faculty. It must be stressed that the re¬ 
cruitment of a faculty member is a mo¬ 
mentous occasion in the life of a 
university. The recruitment process has 
to reflect this justly. Clearly, the con¬ 
ventional interview, where a group of 
administrators with a few experts inter¬ 
view 10-20 candidates in a matter of 
hours, is ill-suited for choosing a fac¬ 
ulty deemed to be distinguished. 

(c) All ‘interviews’ and selections are 
the internal affairs of the NSU. The 
faculty members in each department 
have the primary and essential respon¬ 
sibility as well as the appropriate power 
to choose their own kind. The role of 
the university administration in the se¬ 
lection of the faculty should be mini¬ 
mal. The faculty may invite outside 
scientists-academics to help them in the 
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selection process, but the participation 
of ‘external experts’ depends entirely on 
the choices made by the faculty and is 
by no means mandatory. 

(d) The attractive structure and excit¬ 
ing intellectual environments of the 
NSU will act as a magnet for attracting 
distinguished scientists from India as 
well as abroad, in particular, those of 
Indian origin. A vigorous ‘visiting 
faculty’ programme will go a long way 
in enriching the NSU through the reser¬ 
voirs of expertise and goodwill at the 
command of overseas Indians and oth¬ 
ers interested in helping the Indian sci¬ 
ence grow. 

(e) About 20% of faculty could spend 
their sabbatical or other times for re¬ 
search assignments or collaborations in 
other universities/research institutions 
both in India and abroad and the same 
number may be expected to spend their 
time in the NSU as visiting faculty. 
Suitable postdoctoral programme will 
be developed where foreign students 
will also be accepted. 

Graduate students 

The next rung in the research establish¬ 
ment is the graduate student who com¬ 
bines the twin roles of a student seeking 
knowledge and of a researcher creating 
knowledge. In this sense, there is a ne¬ 
cessary period of apprenticeship in the 
evolution of a scientist which ends with 
the awarding of a Doctor of Philosophy 
degree, Ph D, an essential prerequisite 
in order to obtain the status of a pro¬ 
fessional scientist. With NSU at its full 
strength, we plan to have a total gradu¬ 
ate population of around 700. Assuming 
that a graduate student will spend a 
typical period of 5 years to obtain a 
Ph D, about 100 students per year will 
be recruited. The primary admission 
criteria, the procedures, the rules, the 
graduate academic programmes, the 
structural relationships between the 
graduate students and the faculty, the 
additional responsibilities of the gradu¬ 
ate students, the details of the qualify¬ 
ing examination, and other modes of 
assessment, etc., will have to be worked 
out by individual departments with 
some overall coordination. There will 
be a provision for admitting foreign 
students also in the graduate pro¬ 
gramme. 

The graduate schools of the NSU will 
admit graduating students of other 
Indian or equivalent universities. It is 


also expected that the graduating stu¬ 
dents of the NSU will join good gradu¬ 
ate schools associated with institutes 
like the Tata Institute of Fundamental 
Research and the Indian Institute of 
Science. 

At the NSU, all assessments (under¬ 
graduate and graduate), including the 
evaluation of the Ph D dissertation, will 
be internal. There will be no external 
examiners and external panels. The dis¬ 
tinguished faculty members of the NSU 
must be willing to trusteeing their own 
collective judgments of the Ph D wor¬ 
thiness of a dissertation. 

Fortunately, there exist a variety of 
aids in the selection of graduate stu¬ 
dents. The NSU will make use of the 
entire gamut of exams, the faculty rec¬ 
ommendations, and the interviews to 
select the students with the greatest 
research potential. 

Undergraduate students 

The NSU’s espousal of and commitment 
to high-quality undergraduate education 
is its most distinguishing feature. We 
envisage a total body of 800 students, 
about 200 in each of the 4 undergradu¬ 
ate years, thus implying that 200 stu¬ 
dents will be admitted every year. It is 
impossible to overemphasize the care 
which must be exercised in the selection 
of this choice cadre, because it is pre¬ 
cisely from this group and its counter¬ 
parts from other universities that our 
future graduate students and scientists 
will emerge. In what follows, it is as¬ 
sumed that in spite of the sociological 
constraints driving some of our best 
young people away from science and 
research, there still exists a large pool 
of extremely bright people wanting to 
become scientists; thus, being educated 
in the NSU will be considered a rare 
privilege. Foreign students may also be 
admitted to this programme. 

The selection of the NSU under¬ 
graduates will begin with an appropri¬ 
ately prepared written examination, 
designed to test the students’ reasoning 
and critical faculties, which will be 
administered at several centres. Those 
who cross this hurdle at a desired level 
will be invited for an interview. In the 
early years, the interview will have to 
be conducted at the NSU campus, but 
with the passage of time, the NSU net¬ 
work will grow and the interview could 
be conducted by the NSU alumni at 
various places in the country. It is pro¬ 
posed that each faculty member devote 


a full day per year towards the inter¬ 
viewing process. Since the number of 
entering students and the faculty is es¬ 
sentially the same, it will amount to one 
faculty day used to select one student. 
Given the conditions of our society, we 
consider this rather involved and time- 
consuming process to be essential. We 
not only have to pick students who are 
bright and capable, but we must also 
ascertain that there exists a good chance 
that these students will pursue scientific 
research as their career. Training a per¬ 
son to become a scientist is a very ex¬ 
pensive societal undertaking, and we 
cannot squander our limited resources 
on those who are not sufficiently inter¬ 
ested in and excited by science. Since in 
a free society we cannot (should not, 
anyway) legislate peoples’ future pro¬ 
fessions, we must try to gauge their 
aptitudes and inclinations before open¬ 
ing the NSU doors for them. An ex¬ 
tended interaction with the faculty is 
our best bet towards this end. In short, 
the student selection will be done very 
carefully and meticulously and will be 
one of the more important events in the 
NSU year. 

Faculty members in various universi¬ 
ties in India will also be encouraged to 
spot talent amongst their B Sc students 
and inform the NSU about them. Efforts 
will be made to examine and induct 
them into the NSU as lateral entry in 
B Sc programme. 

It has been repeatedly stated that the 
NSU must be a nonbureaucratic, demo¬ 
cratic and faculty-student-centred insti¬ 
tute where all unnecessary and suffo¬ 
cating rules will be eliminated so that 
an exciting and vibrant research atmos¬ 
phere can prevail. These values must 
obtain in all aspects of the NSU. For 
example, the principal (if not the only) 
criterion used to determine the faculty’s 
salary, promotion, etc., must be their 
potential for and accomplishments in 
research and teaching. NSU’s criteria 
will not be linked to such parameters as 
age. In such a place, all decisions and 
academic decisions in particular must 
be based on the criteria of merit. An 
institute devoted to research and to¬ 
wards the creation of the researcher 
cannot, and must not, choose its mem¬ 
bers for anything but research- 
worthiness. There is, therefore, no 
scope for any reservations or quotas of 
any kind in the NSU academics, neither 
in the selection of students and faculty 
nor in the faculty promotions. All so¬ 
cieties, even the ones committed to 
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strong affirmative action, leave some of 
their premier scientific institutes to the 
dictates of merit. 

Infrastructure, finance, 
salaries, fees 

The NSU will be a fully residential uni¬ 
versity; all students, the faculty and the 
technical and administrative, personnel 
will live on the campus. It is expected 
that the NSU will receive about 300- 
500 acres of free land from one of the 
state governments. 

The financial needs of the NSU can 
be described under two broad headings: 
(1) the infrastructure or capital needs 
and (2) the recurring or operational 
costs. 


Infrastructure - Capital needs 

This entails building the campus, the 
offices, the classrooms, the teaching and 
research laboratories, the hostels, the 
dwellings, the guest houses, and making 
provision for any appropriate expansion 
at a later date. Anticipating that the 
NSU, if successful, will grow, the entire 
construction should be modular. Our 
estimates of the start-up costs, based on 
discussions with an architect with much 
experience in the building of universi¬ 
ties in India are shown in Table 1. 


Operational costs 

At this stage, it is a bit difficult to give 
a microscopic breakdown of the opera¬ 
tional costs, though approximate esti¬ 
mates can be readily aimed at. For 
a steady faculty of 200, visiting faculty 
of 40, 500 graduate students, 800 under 
graduate students, 50 administrative 
staff, 200 technical and other employ¬ 
ees, and with campus maintenance con¬ 
tracted out, we estimate that an annual 
budget of Rs. 40-45 crores will be able 


to sustain the university at a level con¬ 
sistent with its exceptional mandate and 
responsibilities. Of this amount, a total 
of Rs. 7-8 crores will go to the salaries 
and benefits (health insurance, pension, 
provident funds, etc.) of the regular 
faculty; the salaries will range from Rs. 
10,000-30,000 per month, with an av¬ 
erage of about Rs. 20,000 per month. 
An equal amount will be needed for the 
faculty to buy and maintain quality re¬ 
search gear: permanent and expendable 
laboratory equipment, computers, etc. 
Also included will be the costs of attend¬ 
ing national and international conferences. 
The faculty will be expected also to raise 
major funds for their research from organi¬ 
zations such as DST, CSIR and ICMR, 
and industry, etc. It is expected that NSU 
will also be supported by research grants 
and endowments from various sources 
from within and outside the country. It is 
important that further annual additions to 
the corpus fund will have to be made to 
maintain the level of funding and also to 
take care of inflation. 


Financial arrangements 

In order to provide Rs. 100-130 crores 
start-up money, and about Rs. 45 crores 
per annum as operational expenditures, 
we believe that a total amount of at least 
Rs. 400 crores has to be procured for 
the viability of the NSU; about Rs. 100 
crores for infrastructural needs and 
Rs. 300 crores for the formation of the 
NSU trust. It is the income that accrues 
from the investment of this trust fund 
which will be used to run the university. 

We expect half of the total money 
(Rs. 200 crores) to be donated by the 
Government of India as a one-time grant 
to give a jump start to the NSU enter¬ 
prise. The other half will be raised from 
the people of India and also from NRIs. 
However, it has to be ensured that this 
one-time grant of Rs. 200 crores has 
to be given as a special grant and 
definitely not from the UGC funds. 


Further, for enhancing the quality of 
higher education in science, the UGC 
should be provided with additional 
funds to upgrade and support the under¬ 
graduate science education in at least 
100 colleges selected throughout the 
country on the basis of merit alone, and 
at least a dozen more good universities, 
including the central universities and 
institutes such as Indian Institute of Sci¬ 
ence, Bangalore, should be encouraged to 
initiate teaching of undergraduate science 
classes for carefully selected good stu¬ 
dents, for which, again, special funds 
will have to be provided. 

It may be pertinent here to quote the 
statement of our respected President, 
Shanker Dayal Sharma, on the occasion 
of the concluding function of the Dia¬ 
mond Jubilee celebrations of the Indian 
National Science Academy on 7 January 
1995. The unending quest of knowledge 
requires sustained research. Research, in 
turn, needs high level of financial inputs. It 
was natural that in India the government 
should have become the major source of 
support in the period after independence. 
We have now reached a stage of develop¬ 
ment where reliance on the government 
must be outgrown.’ 

Soon after taking over the charge of the 
Ministry of Human Resource Develop¬ 
ment, Madhavrao Scindia has in a policy 
statement said on 17 February 1995 that he 
‘favours greater encouragement to private 
initiative and voluntary efforts in the field 
of education’. He was, however, emphatic 
that this should not lead to dilution of 
quality, which according to him was most 
important. ‘Maintenance of standards has 
to be ensured.’ 

Student fees 

The trust income will be the primary 
and major source of funds for the suste¬ 
nance of NSU. However, it needs to be 
realized that at least a part of the im¬ 
mense cost of higher education, which 
often results in yielding manifold divi¬ 
dends to the recipient, must be borne by 
the student and his family. 

It is proposed that the students will 
pay a tuition fee of Rs. 15,000 per an¬ 
num. The suggested tuition fee is totally 
consistent with the recently formulated 
National Policy of Education, which 
was accepted unanimously by the Par¬ 
liament. Nevertheless, several qualify¬ 
ing comments are in order: 

(a) The amount of tuition fee charged 
is basically symbolic. Even in the most 
optimistic case, i.e. if all 800 students 


Table 1. 


Facility 

Exp. area 

Exp. cost (Rs. crores) 

Academic buildings 

400,000 sq. ft 

40 

Library/labs/admin, and misc. bldg. 

500,000 sq. ft 

30 

Hostels 

400,000 sq. ft 

24 

Residences for faculty/staff 

600,000 sq. ft 

36 

Total 

1,900,000 sq. ft 

130 


This expenditure is likely to be spread over a period of ten years. 


1196 


CURRENT SCIENCE, VOL. 68, NO. 12, 25 JUNE 1995 



SPECIAL SECTION 


were able to pay the entire tuition fees, 
this would yield a total revenue of 1.2 
crores, which is only about 5-6% of the 
annual teaching budget (which is half of 
the total budget of Rs. 40 crores). For 
the university to be supported by tuition 
alone, we would need to charge 20 
times the proposed amount! (Inci¬ 
dentally, even this high value, Rs. 
300,000 per annum, is considerably less 
than the prevalent rates at top-notch 
American universities.) 

(b) The amount of financial aid pro¬ 
vided to the student will be graduated, 
i.e. it will depend upon the income and 
resources of the student and his family. 
The NSU administration will work out 
procedures for income assessment and 
calculations of support to be given. 
Students from low-income families will 
be entirely exempt from tuition fees. 

(c) Since there are many expendi¬ 
tures apart from tuition (living in the 
hostel, food, books, stationery), many 
students from poor families may still 
not be able to afford the NSU educa¬ 
tion. To take care of such cases, the 
NSU will follow an all-encompassing 
general policy whereby 

‘Once admitted, all financial needs of a 
student (the needs his/her family cannot 
meet) will be taken care of by the uni¬ 
versity. Admission to NSU will be a sure 
passport to NSU education. ’ 

The financial support to the needy 
students will be given in a variety of 
ways: outright grants, work-study, in¬ 
terest-free loans, etc. There is abso¬ 
lutely no scope for selling admission by 
a Capitation Fee. Merit, motivation, dem¬ 
onstrated interest and competence will be 
the only indices for admission and, hence, 
for an assured NSU education. 

The NSU will be a fully autonomous 
and independent entity and plans to be 
self-sufficient and self-sustaining. It 
will be completely outside the jurisdic¬ 
tion of the Ministry of Education or the 
University Grants Commission. 

Expansion of research and 
additional revenue 

Over the years, we expect that the NSU 
scientists will seek alternative sources 
of money to expand and equip their 
laboratories. It is expected that the 
NSU, with its advanced infrastructure in 
people and equipment, will serve as a 
condensation point for specialized insti¬ 


tutes, which will be organically attached 
to the NSU. The marriage of the 
‘general’ and the ‘specialized’ has been 
extremely widespread and of immense 
importance in the growth of both the 
pure and applied sciences in the West. 
A few notable examples are: 

1. The California Institute of Techno¬ 
logy great university devoted to basic 
sciences) manages astronomical labora¬ 
tories (at Mount Palomar and Mount 
Wilson) as well as the Jet Propulsion 
Laboratory, which lies in the extended 
campus. Close working relationships 
between the university scientists pursu¬ 
ing ‘general’ basic research and the 
institute scientists pursuing basic and 
applied ‘specialized’ research have 
yielded unprecedented dividends; the 
Caltech-Palomar-Wilson axis can claim 
the lion’s share of astronomical discov¬ 
eries of this century and the Caltech- 
JPL combine is the trendsetter in all 
aerodynamic and space-related research. 

2. Princeton University has the fa¬ 
mous ‘Plasma Physics Laboratory’, a 
leader in the field of controlled thermo¬ 
nuclear fusion, as an integral constitu¬ 
ent. 

These are just two examples; the list 
is literally endless. These appended 
institutes draw heavily on the general 
expertise and the research ambience of 
the university, and in turn add to the 
breadth as well as depth of the univer¬ 
sity programmes. Since these institutes 
serve directly the needs of industries, as 
well as several government departments 
like defence and aerospace, they bring 
the much-needed additional revenue in 
addition to enriching the very environ¬ 
ment of the university. It may be re¬ 
marked that this very pattern of the 
synergistic development of abodes of 
pure and applied science constitutes a 
major part of Nehru’s dream of Indian 
science. 


Management structure 

The President of the NSU will be the 
academic and executive head of the 
university. The incorporation part of the 
NSU will consist of: 

(a) Board of Trustees. There will be a 
Board of Trustees, with 50 members, 
comprising eminent academics (10), 
leaders of industry/business (15), gov¬ 
ernment representatives who will be 
nominated by name and will not be ex¬ 


officio (5), eminent citizens represent¬ 
ing social/political/cultural life (10), 
representatives of financial and banking 
institutions (5) and the President of the 
NSU along with other NSU representa¬ 
tives (5). In addition to being the gen¬ 
eral advisory as well as the policy¬ 
making body (on all incorporation mat¬ 
ters, the faculty salary, etc.), the Board 
of Trustees will be in charge of the fi¬ 
nancial health and well-being of the 
university. The trust will handle crea¬ 
tion of new sources of funds, invest¬ 
ments, accounting, and general trouble 
shooting. The trust must begin function¬ 
ing before the recruitment of faculty and 
students. The Board of Trustees will 
themselves elect their Chairman and 
will be fully autonomous. 

(b) Executive Committee. This 
committee, consisting of the NSU 
president (Chairperson), five members 
nominated by the Board of Trustees and 
five members from the university will 
be the main administrative body of the 
university. 

(c) Academic Council. Decisions in¬ 
volving academic matters (teaching and 
research) will, in general, be handled by 
individual faculty members and depart¬ 
ments with some coordination whenever 
needed. Considerable flexibility and 
decentralization will be the hallmark of 
the NSU academics. The overall coordi¬ 
nation of programmes will be taken cafe 
of by an Academic Council, comprised 
of the NSU President and 25 represen¬ 
tatives from the faculty and students. 

(d) International Advisory Commit¬ 
tee. There will be an international advi¬ 
sory committee consisting of 15 
eminent scholars from within the coun¬ 
try and outside whose suggestions and 
advice on all academic matters will be a 
major and guiding input in the forma¬ 
tion of teaching and research pro¬ 
grammes. This committee is expected to 
play an important role in faculty re¬ 
cruitment. This committee will also be 
responsible for reviewing the university 
performance by extensive reviews every 
five years. The Chairperson will be ap¬ 
pointed by the Board of Trustees in con¬ 
sultation with the Executive Committee 
and could be from India or abroad. At least 
one meeting of the International Advisory 
Committee per year will be a must. 

Conclusion 

The conceptualization (attached docu¬ 
ment; not reproduced here) and concre- 
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tization (current paper) of the National 
Science University idea has emerged 
after years of study and analysis of the 
Indian science scene. It makes one 
wonder why, in spite of the excellent 
raw material (in the form of bright 
young students) and societal commit- 
ment, Indian science has not yet arrived 
on the world scene. These deliberations 
automatically led us to examine our 
‘sources of science’, with the conclu¬ 
sion that fundamentally new approaches 
to higher education are needed if we 
plan to survive with dignity in a new 
increasingly cerebral knowledge-driven 
and competitive world order. It is true 
that we do have a few good institutions 
in the country, like the Tata Institute of 
Fundamental Research, Bombay, the 
Indian Institute of Science, Bangalore, 
and a handful of good universities. This, 
however, is a very small number to meet 
the requirements of a big country like 
India. The country needs at least an¬ 
other 20-25 top-grade universities 
where the bright and receptive minds of 
our young (after higher secondary) are 
trained and inspired by the methods, the 
culture and the achievements of science, 
through the agency of our most eminent 
active practitioners of science. Without 
a continuous input of young minds with 
originality and bright ideas, it would be 
unreasonable to expect major advance¬ 
ments in basic or applied research. The 
National Science University proposes to 
initiate the momentous process of mak¬ 
ing this very original, creative and pro¬ 
ductive young mind. We must stress 
that in the domain of higher education 


today, the great need of our society is 
not mere education or more education 
but absolutely good education for those 
who deserve it, imparted by the best 
that our society can come up with in the 
best environment we can create. Our 
best scientists must not only teach un¬ 
dergraduate courses but must also be 
available for discussions, etc., to stu¬ 
dents. It is during formative years that 
bright young minds can either be ex¬ 
cited and inspired to seek higher knowl¬ 
edge, or be relegated to the pursuit of 
mediocrity. The NSU aims to be what 
the current universities are not at this 
juncture. 

What is envisaged is a place where: 

1. The best of our scientists teach, train 
and inspire the next generation. 

2. Our scientists can work in a free, 
democratic set-up, i.e. a large num¬ 
ber of essentially equal, independent 
and competent professionals can 
compete, cooperate and collaborate 
with each other to create an exciting 
scientific environment which, in a 
natural fashion, will produce good, 
well-equipped and brilliant scientists 
from our youth. 

3. One’s scientific status is not meas¬ 
ured by one’s administrative title. 

4. Scientific leadership is neither abso¬ 
lute nor given by appointment or by 
nomination but emerges in a natural 
fashion amongst scientists of differ¬ 
ent age groups, is only comparative, 
and changes with time. 

5. Science, its creation, its teaching and 
its dissemination is the principal (if 


not the only) activity; the scientists 
and the would-be scientists are the 
principal citizens and everyone else 
has only a supporting role. 

6. There are absolute independent ca¬ 
reer ladders for scientists and admin¬ 
istrators (administration and admi¬ 
nistrative expenses should be kept at 
the minimum possible): no scientist 
should ever feel the need to become 
an administrator for more money, 
facilities, power or prestige. From all 
points of view, the most desirable 
position should be that of a scientist- 
teacher. 

7. All principal scientific and academic 
decisions are made by faculty 
committees consisting of working 
scientists; administrators must take 
care of only administrative matters 
and scientists of scientific matters. 
Again, the idea is not absolutism but 
the encouragement of the logic that 
those involved in the actual doing of 
science are repositories of wisdom 
which may not be available to others, 
peripheral to the core responsibility 
of the University. 

With a fundamentally different guid¬ 
ing philosophy and with the intentions 
of making a nonfeudal, nonbureaucratic, 
internally democratic, free and exciting 
home for the creation, perpetuation and 
transmission of knowledge, we will 
settle for a slowly evolving new struc¬ 
ture outside the UGC and Ministry of 
Education and will be in the private 
sector, hopefully to be followed by 
others. 


Research Accounts 

Current Science intends to start a new feature entitled ‘Research Accounts’. Articles in this cate¬ 
gory are intended to be personalized reviews of research from the authors’ own laboratory, based 
on a body of published work. The articles must provide appropriate background to the area in a 
concise introduction, which should also serve to place the author’s work in proper perspective. A 
concluding section may address future trends and directions in the area. Unpublished results may 
be included only when absolutely essential and should be kept to a bare minimum. Articles in this 
category may be about 20 double-spaced typed pages, A4 size (8-10 printed pages) and should 
include appropriate illustrations. References to the literature should not number more than about 
60. Articles should address a broad readership. While most articles in this category will be solicited 
by the eiditors, unsolicited contributions will also be considered. All articles will be reviewed by two 
independent referees. Authors are encouraged to suggest appropriate reviewers. 

Editors 
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The devastating earthquake in Kobe 

Tamao Sato 

A devastating earthquake rocked the Japanese city of Kobe on 17 January 1995. The present pa¬ 
per describes the damage caused by this earthquake, and the tectonics of the region in and 
around the epicentral area. Comparisons are also made with the 1993 Latur earthquake, which 
was also an intra-continental event. 


A disastrous earthquake {M 7.2) with its epicentre near 
Kobe struck the Hansin metropolitan area in the Hyogo 
Prefecture (district) of western Japan (Figure 1) on 17 
January 1995 at 05:46 a.m. This earthquake devastated 
an elegant harbour city in one terrible convulsion, and 
wreaked havoc over a large area including Kobe, nearly 
30 km away, and other neighbouring cities. It killed 
about 5400 people, injured 27,000 and left more than 
300,000 destitute. This earthquake was the most disas¬ 
trous to hit Japan since the Great Kanto earthquake of 
1923. Strong ground shaking caused by this earthquake 
was observed to last for about 10 s, which destroyed 
about 110,000 buildings and sections of freeways 
(Figure 2), twisted railway lines (Figure 3), disrupted 
water supply systems, ruptured gas pipelines, and ig¬ 
nited more than two hundred fires that raged on for 
days, consuming an area of 1 km^. Preliminary estimates 
of property damage are about ten thousand billion yens 
(about Rs 3000 billion), nearly triple that inflicted by 
the 1994 Los Angeles earthquake. The seismic intensity 
VII assigned to the severely damaged area on the JMA 
scale (Japan Meteorological Agency 0-VII intensity 
scale) is the highest so far to have been experienced 
since the introduction of this intensity scale in Japan in 
1949. 

The devastating earthquake measured 7.2 on the JMA 
magnitude scale, the US Geological Survey (USGS) 
estimate being Wb = 6.0 and = 6.8.' The seismic mo¬ 
ment of this event determined by the Harvard group is 
2.5 X 10^^ dyne cm (Mw = 6.9), and that determined by 
USGS 1.8 X 10^^ dyne cm 6.8). The JMA epicen¬ 

tre was located in the Akashi strait that runs between 
Kobe and the Awaji-shima island (Figure 4). The focal 
depth was estimated to be about 14 km. Aftershocks 
were distributed from Awaji-shima to Kobe, along a 
zone running for about 40 km along northeast-southwest 
(NE-SW) (Figure 5). The focal depths of aftershocks 
were less than 15 km and aligned almost vertically. The 
focal mechanism solutions determined by the Harvard 
group and USGS are almost similar, indicating a 


strike-slip faulting with maximum compression in the 
east-west direction. Thus, it is inferred that the earth¬ 
quake was caused by right-lateral faulting on a nearly 
vertical plane striking along the NE-SW direction. The 
coseismic crustal movement measured by global posi¬ 
tioning system (GPS) receivers is consistent with right- 
lateral motion on the NE-SW-trending fault (Figure 6). 
If the aftershock area is taken to be 40 x 15 km^, the 
average slip on the fault is estimated to lie between 2 
and 3 m. Since the epicentre is located near the centre of 
the aftershock zone, it seems likely that the rupture nu¬ 
cleated near the centre and propagated towards northeast 
and southwest bilaterally. The result of inversion of the 
teleseismic body waves suggests that the earthquake 



- Figure 1. Present framework of the arc-trench system around the 

Tamao Sato is in the Department of Earth Sciences, Faculty of Sci- Japanese islands. Abbreviations; Hk, Hokkaido; Sk, Shikoku; Ks, 
ence, Hirosaki University, Hirosaki, Aomori-ken 036, Japan. Kyushu. 
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Primary surface rupture 


Narrow belt of severe damage 


Figure 2. Failure of freeway (courtesy of the Asahi Shinbun news¬ 
paper). 


After the earthquake, clear surface ruptures were ob¬ 
served in the Awaji-shima island^. These were traced 
along the Nojima fault and the Asano fault (Figure 4), 
which show evidence of repeated movements in recent 
geological times^. The ruptures show right-lateral offsets 
of about 1-2 m, the vertical offsets being about one- 
fourth of the horizontal offsets. From the amount of off¬ 
set, these ruptures appear to be primary surface ruptures 
that released a substantial amount of seismic energy 
during the Kobe earthquake. For, although abundant 
ground cracks and fissures were found in Kobe, these 
are considered to be secondary features of the ground 
deformation created by strong ground shaking. Immedi¬ 
ately after the main shock, many temporary seismo¬ 
graphs were deployed in and around the epicentral area 
for precise determination of aftershocks’ hypocentres. 
Most of these aftershocks determined from the dense 
seismograph network are concentrated on pre-existing 
active faults to the north of Kobe (Figure 7), indicating 
that the main rupture propagated along the active faults 
in Kobe. 

A levelling survey in the epicentral area revealed an 
abrupt change in the vertical displacement across the 
Suma fault in Kobe"^, strongly suggesting that the Kobe 
earthquake ruptured the Suma fault. The Suma fault 
does not extend from the Nojima fault, as shown in 
Figure 4. The two faults are offset near the Akashi strait 
where the rupture initiated. It seems likely that the rup¬ 
ture shifted from one fault to the other at an early stage 
of the earthquake. The western part uplifted relative to 
the eastern part across the Suma fault"^ and the eastern 
side moved upward relative to the western side across 
the Nojima fault in the Awaji-shima island“. The sense 
of relative displacement is opposite to each other. In 
each case, however, the sense of relative vertical move¬ 
ment is consistent with the topographic highs and lows 
across the fault. The topographic feature in the epicen¬ 
tral area thus appears to be formed by repeated occur¬ 
rences of similar earthquakes in the past. 


Figure 3. Damage of railway track (courtesy of the Asahi Shinbun 
newspaper), 

consisted of three major subevents^ and the entire rup¬ 
ture took 11 s to complete. 


The maximum accelerations and velocities observed in 
Kobe and surrounding areas are shown in Figure 8. 
In Kobe, the observed maximum accelerations range 
from 0.5 to l.Og, more than double the acceleration re¬ 
corded in Tokyo during the great Kanto earthquake of 
1923. The maximum velocities are nearly 50 cm/s. Fig¬ 
ure 9 shows the accelerogram recorded at a site very 
close to the ruptured fault. A maximum acceleration of 
0.8g was recorded on the north-south component. It is 
seen that the duration of large accelerations (> 0.3g) 
is short, being only about 5 s for the horizontal com¬ 
ponents. 
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Figure 4. Map of the epicentral area. The star indicates the epicentre of the Kobe earthquake (officially, first named as the 1995 Ilyogo-kcn 
Nanbu earthquake, and later renamed as the 1995 Hanshin Awaji-shima earthquake) that occurred at 05:46 a.m. on 17 January 1995. The lines 
denote the active faults that ruptured this time. The inset picture shows a primary surface rupture cutting through the field and the garden in 
front of the houses, found in the Awaji-shima island (Photo courtesy of the Mainichi Shinbun newspaper). 


In Japan, the earthquake resistance standard was re¬ 
vised in 1981. Most of the buildings constructed accord¬ 
ing to the latest building code were apparently 
unscathed. According to a survey carried out by a con¬ 
struction company, for evaluating the safety of office 
and apartment buildings that suffered serious damage 
(pillars, foundations, etc.), 36% of the pre-i981 build¬ 
ings were found to be severely damaged, but only 6% of 
those built after 1981. Strong vertical motion during the 
earthquake was also felt by many people in the damaged 
area. However, the seismograms did not indicate that the 
vertical motion was any greater than the horizontal mo¬ 
tion^. On an average, the amplitude of vertical motion 
was found to be about half that of the horizontal motiop, 
which is consistent with the result of near-field observa¬ 
tions made in California. Still, some architects hold the 
view that serious damage to buildings and roadways was 
caused by an exceptionally large vertical motion. 

The areas of highest damage in Kobe and nearby cities 
accounting for most building collapses were found to 
form a 25 km long narrow (1-2 km wide) belt^ 


(Figure 7). This narrow belt lies to the south of the ac¬ 
tive faults that are thought to have ruptured during the 
main shock. At first, it was suspected that another pri¬ 
mary rupture was buried just beneath the damaged belt, 
but this was soon discounted as few aftershocks were 
located beneath the belt (Figure 7). Ground cracks and 
fissures in the damaged belt are thus interpreted as being 
the result of secondary deformations of the ground. 
Later, as the results of detailed site investigations came, 
it became clear that the damaged belt was underlain by 
an unconsolidated soil deposit which had strongly am¬ 
plified the ground motion. Further studies of aftershocks 
records revealed that ground motion within the damaged 
belt was ten times greater than that observed outside the 
region^. These observations support the idea that the 
narrow belt of high damage was primarily the result of 
site amplification. The southern boundary of the dam¬ 
aged belt also appears to mark the boundary of re¬ 
claimed lands. The latter apparently absorbed the 
seismic wave energy in the frequency range most sensi¬ 
tive to the structural responses of the buildings. Lique- 
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Hypocenters of the 1995 Hyogoken-Nanbu Earthquake 

1/17 10:03 - 1/20 04:59 



Figure 5. Aftershocks in the time period from 10 a.m. Januar> 17 to 
5 p.m. January 20, 1995. These hypocentres are determined by the 
automatic hypocentre location system at the Abuyama Observatory, 
Disaster Prevention Research Institute, Kyoto University, based on 
the seismic networks of Disaster Prevention Research institute. 
Kyoto University, Wakayama Observatory, Earthquake Research 
Institute, University of Tokyo and School of Science, Nagoya Uni¬ 
versity. The lines denote active faults in this area. Anonymous FTP 
on ftp.eri.u-tokyo.ac.jp. 



Figure 6. A preliminary result on GPS site displacements associated 
with the 1995 Kobe earthquake. Arrows indicate horizontal dis¬ 
placement vectors calculated from 24-hour data on 14 and 17 Janu¬ 
ary 1995. The error ellipses represent 99% confidence regions. The 
star denotes the epicentre. By courtesy of Tsujii, H. and Hatanaka, 
Y., the Geographical Survey Institute, Japan. Anonymous FTP on 
terras.gsi-mc.go.jp. 



Figure 7. Aftershocks determined by the Japanese University Group 
of Urgent Observation for the 1995 Hyogo-ken Nanbu earthquake. 
The dotted lines indicate the active faults in this area. The hatched 
/one indicates the belt of severe damage (courtesy of T. Yoshii, 
Earthquake Research Institute, University of Tokyo. Anonymous FTP 
on ftp.eri.u-tokyo.ac.jp). 



Figure 8. Maximum accelerations and velocities observed in and 
around the epicentral area of the Kobe earthquake. The lines denote 
active faults and the star indicates the epicentre. The solid circle 
accompanied by the numeral 818 indicates the site of the Kobe Ma¬ 
rine Observatory of the Japan Meteorological Agency (courtesy of K. 
Koketsu, Earthquake Research Institute, University of Tokyo. 
Anonymous FTP on ftp.eri.u-tokyo.ac.jp). 

faction too was observed to have occurred over a vast 
area covering the reclaimed land along the shore, caus¬ 
ing severe damage to the bank and port facilities. 

Active faults 

The Kobe region has been outside the danger zone of 
earthquakes. The historical earthquake catalogue 
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1995/01/17/ 05:46 (KOBE) 



TIME. S 


Figure 9. The ground acceleration recorded at the Kobe Marine 
Observatory of the Japan Meteorological Agency. The observatory is 
located very close to the rupture that caused the Kobe earthquake. 

contains many damaging earthquakes near Kyoto and 
Osaka, but reports only one event^ (M 6.1) near Kobe, 
that killed one person in 1916. Seismic activity over a 
much longer period can, however, be estimated from the 
geologic record. The density of active faults in and 
around Kobe is probably among the highest in the cir- 
cum-Pacific region, with many active faults showing 
evidence of prehistoric earthquakes^. The degree of fault 
activity is estimated in terms of the long-term slip rate 
during the late Quaternary (0.2 Ma to present). For ex¬ 
ample, the long-term slip rate^ of the Nojima fault in the 
Awaji-shima island is rated as being 0.1-1.0 m/1000 yr, 
and nearby faults have most likely similar long-term slip 
rates. If the fault is assumed to slip 2 m at a time, then 
the recurrence interval is estimated to be 2000-20,000 
years. It is no wonder, therefore, that very few historical 
earthquakes are known to be associated with the active 
faults near Kobe. About 80% of the inland damaging 
earthquakes in the last 130 years in Japan have occurred 
along active faults^® or very close to them. However, 
even if we believe that active faults are the only poten¬ 
tial sources of inland earthquakes, it is still very difficult 
to specify the location of a future inland earthquake. 
Indeed, historical record of repeated damaging earth¬ 
quakes on the same fault is extremely rare, as most of 
the active faults in Japan have apparently recurrence 
intervals^^ of greater than 1000 years. The only excep¬ 
tion is the Tanna fault, on which destructive earthquakes 
occurred in 841 and 1930. The former, reported in an 
old document from Izu Province, was actually verified 
by means of fault trenching. More than 40 excavations 
of active faults have been conducted in Japan since the 
late 1970s in order to extend the historical record back¬ 


wards in time and thereby obtain reliable recurrence 
intervals of faulting during the late Quaternary as well 
as the time elapsed since the last event. But there are 
about 40 times more active faults whose past activities 
still remain to be unravelled. Under such circumstances, 
the seismic gap theory cannot be advantageously used to. 
predict the site of a future earthquake. The unexpected 
occurrence of the Kobe earthquake demonstrated this 
basic difficulty of predicting inland earthquakes in the 
interior of Japan. 

Premonitory phenomena 

In the last two years (1993-1994), four large earth¬ 
quakes have occurred in northern Japan of magnitudes 
7.5-8.1. The epicentre of one of these lay in the Japan 
Sea, while the other three events occurred in the Pacific 
Ocean. The damage caused by these was not so severe 
as compared to that caused by the Kobe earthquake, as 
the epicentres of these earthquakes were far from popu¬ 
lated areas. The Kobe earthquake occurred about three 
weeks after the latest of these events in northern Japan. 
Most seismologists do not believe any relation to exist 
between the recent seismic activity in northern Japan 
and the Kobe earthquake, simply because the northern 
and western parts of Japan lie in different seismotec- 
toq[ic settings. 

The historic record indicates that 50 years before the 
occurrence of a great interplate earthquake in the Nankai 
trough, where the Phillippine Sea plate subducts beneath 
the Eurasian plate^^, the seismic activity in western Ja¬ 
pan increases. The large interplate earthquakes tend to 
occur periodically at a time interval of 80-120 years. 
Nearly 50 years of quiescence have passed since the 
occurrence of a large event (the M 8.0 Nankai earth¬ 
quake of 1946) in the Nankai trough and some seis¬ 
mologists expected that the seismic activity in western 
Japan may now increase from the quiet stage to an ac¬ 
tive one. In this light, western Japan was long overdue 
for a major earthquake. 

•Some hours before the Kobe earthquake, several small 
earthquakes occurred near the epicentre, which could be 
regarded as foreshocks. But there are good reasons why 
seismologists could not tell that these events represented 
the forerunner of an impending disaster. For, they well 
know that this level of high activity can happen any¬ 
where at anytime and a method to discriminate the pre¬ 
monitory activity from the normal activity has yet to be 
established. An approach based solely on the level of 
seismic activity is thus not likely to be of much help. It 
was also reported that a peculiar migration pattern of 
seismic activity appeared on a regional scale before the 
Kobe earthquake, the zone of high seismic activity 
moving from north to south towards the epicentre of the 
main event. However, this observation too could not be 
confidently treated as a warning signal. We still need to 
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develop more reliable diagnostics to assess the prob¬ 
ability of a large earthquake in the future. 

The experience gained in the wake of the recent Kobe 
earthquake has, however, given some insight to pursue a 
few alternative approaches to predicting a large earth- 
^^quake. The Geographical Survey Institute (GSI), from 
the studies of crustal deformation prior to the Kobe 
earthquake, based on triangulation survey data (1975- 
1985), showed that during 1975-1985 some parts of the 
epicentral area suffered a north-south extensional de¬ 
formation of 2 X 10”^ in contrast to a contractional de¬ 
formation in the surrounding area. This complex pattern 
of crustal deformation may have been associated with a 
change in the seismogenic environment at depth. In this 
respect, continuous monitoring of crustal deformation 
using GPS receivers could most likely prove quite illu¬ 
minating. From 1994, the GSI started a programme of 
continuous measurement of crustal movements deploy¬ 
ing more than 200 GPS stations all over Japan. In the 
southern Kanto and Tokai districts, these measurements 
are being closely monitored to predict the next seismic 
gap earthquake; in these areas GPS stations have been 
distributed at intervals of 15 km, to form a dense enough 
network of GPS stations that could possibly detect 
anomalous crustal movements preparatory to a major 
earthquake. 

The Latur event 

The disaster of Kobe reminds us of the Latur (Khillari) 
earthquake that occurred in the Maharashtra state of 
India on 30 September 1993. It killed about 10,000 
people in Khillari and nearby villages. Almost all deaths 
were caused indoors as people were trapped under col¬ 
lapsed roofs of houses made from stones loosely bonded 
with mud. People had no time to get out of these houses 
before they collapsed. Deaths caused by the Kobe earth¬ 
quake were almost in a similar situation. More than 80% 
were buried under the collapsed houses. The strong mo¬ 
tion seismographs operating near the damaged areas 
near Kobe show details of the ground motion that de¬ 
stroyed many houses. The strong ground acceleration 
exceeding 0.3g- started within a few seconds of the ini¬ 
tial tremor, and lasted for only about 5 s (Figure 9). Ac¬ 
counts from Khillari show a similar time history of the 
ground motion: the onset was sudden and the strong vi¬ 
bration was very impulsive. For an observer immedi¬ 
ately above the rupture surface the strong ground motion 
arrives without any early warning by weaker vibration, 
giving little time-to take shelter under a safe space, to 
put off fires, or to get out of collapsing buildings. The 
estimated fault length of the Latur earthquake (about 
10 km) is about one-fourth of the fault length of the 
Kobe earthquake; the duration of the strong motion may 
have been even shorter than that of the Kobe earth¬ 


quake. It is difficult to say whether the maximum accel¬ 
eration in Khillari was smaller than that in Kobe. The 
maximum acceleration near the rupture, however, de¬ 
pends on the dynamic stress and the rupture kinematics 
of the fault segment close to the observer, being insen¬ 
sitive to the entire fault dimension. These inferences 
cannot be proved because no strong motion seismograph 
was operating around Khillari when the earthquake 
struck. 

The seismic intensity in the area most affected by the 
Latur earthquake is reported to be VlII-IX on the 
Modified Mercalli (MM) scale. The seismic intensity 
assigned for the area of severe damage in Kobe was VII 
on the JMA intensity scale. Based on the maximum ac¬ 
celerations observed in the damaged area (0.5-lg), the 
JMA intensity VII corresponds to an intensity X on the 
MM scale. Thus, the ground motion in Khillari seems to 
have been weaker than in Kobe^^. Although the death 
toll of 5400 in Kobe was considered to be high, the per¬ 
centage of fatalities suffered was much less than in 
Khillari, where about one in four people were killed. 
This may be ascribed to the difference in the percentage 
of the collapsed houses in the epicentral area. In Khillari 
and nearby villages, almost all houses were destroyed. 
In Kobe, many houses and buildings were still standing 
besides the collapsed ones, which were old, wooden 
houses of pre-1981 vintage. In order to construct earth¬ 
quake-resistant buildings, a thorough investigation of 
the damage is now being made by many engineers. 

According to the USGS, the magnitude of the Latur 
earthquake was 6.3 on both and Wb scales, and 6.1 on 
the seismic moment magnitude (Mw) scale. The corre¬ 
sponding magnitudes of the Kobe earthquake are 
Ms = 6.8, mb = 6.0 and Mw = 6.8. The mb versus Mw plot 
of the Latur event is contrasted with that of the Kobe 
earthquake. The Latur event has a higher mb value than 
that of the Kobe earthquake, while its Mw is much 
smaller in comparison. The value of mb is proportional 
to the amplitudes at higher frequencies whereas that of 
Mw is proportional to the amplitudes at lower frequen¬ 
cies. It is inferred, therefore, that the Latur event gener¬ 
ated higher-frequency waves more efficiently than the 
Kobe earthquake did. This could be caused by the Latur 
event yielding a higher stress drop than the Kobe earth¬ 
quake. Since no evidence of pre-existing fault is found 
in the exposed rock near the epicentre, the Latur event 
may have ruptured previously unfractured rock as far 
down as the brittle ductile boundary’"^, thus yielding a 
higher stress drop. It would indeed be instructive to es¬ 
timate the stress drop of the Latur event as it may indi¬ 
cate the state of stress in the southwestern Indian shield. 

If large earthquakes in the Indian shield area are gen¬ 
erated by many and ubiquitous faults that show no sig¬ 
nificant slip nor any evidence of regularly repeating 
ruptures, their prediction may be even more difficult 
than that of Japan’s inland earthquakes. In India, at least 
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one-third of the damaging earthquakes in the 1980s 
seem to have been triggered by artificially created lakes. 
Systematic measurement programmes to monitor various 
geophysical signals near water reservoirs may help in 
identifying precursors of damaging earthquakes. 

It is possible to study various precursory phenomena 
in order to predict an earthquake. However, an accurate 
earthquake prediction still seems to be a complicated 
task unless we have a good understanding of all the 
physical processes involved. The most valuable lesson 
learnt in the aftermath of the Kobe earthquake is that 
Japan is not so earthquake-resistant as had been be¬ 
lieved. The numerous public facilities in the Kobe re¬ 
gion, such as office buildings, freeways, railways and so 
on, were severely damaged. If the death toll had not 
been so high, we may not have regarded this earthquake 
as being so devastating, but destruction of many resi¬ 
dential houses caused a large number of fatalities. In 
order to mitigate the loss of lives and property in the 
next large earthquake, as yet an unpredictable natural 
phenomenon, it is therefore imperative that we design 
and construct buildings with all the knowledge and in¬ 
sight so far gained from worldwide experience so that 
they can withstand the strong ground motion expected to 
occur in a region. 
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Kobe earthquake: An urban disaster 


Paul Somerville 

The 17 January 1995 Hyogo-ken Nanbu earthquake was 
the most damaging to strike Japan since the great Kanto 
earthquake destroyed large areas of Tokyo and Yoko¬ 
hama and killed 143,000 people in 1923. As of 30 Janu¬ 
ary, the toll from the earthquake in Kobe and adjacent 
cities had reached 5096 dead, 13 missing, and 26,797 
injured. One-fifth of the city’s 1.5 million population 
was left homeless and more than 103,521 buildings were 
destroyed. The Hyogo Prefectural Government esti¬ 
mated the cost of restoring basic functions to be about 
$100 billion; the total losses, including losses of 


Reprinted with permission from EOS, American Geophysical Union, 
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privately owned property and reduction in business ac¬ 
tivity, may be twice this amount, which would be 10 
times higher than losses resulting from the 1994 
Northridge, California, earthquake. 

Earthquake mechanism 

The hypocentre of the earthquake was located about 
20 km southwest of downtown Kobe between the north¬ 
east tip of Awaji Island and the mainland (Figure 1). 
The earthquake was assigned a Japan Meteorological 
Agency (JMA) magnitude of 7.2. Seismological analyses 
indicate a strike-slip mechanism with a seismic moment 
of about 3 X 10^^ dyne cm, corresponding to a moment 
magnitude of 6.9 (ref. 1). Teleseismic waveform 
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17 January 1995 Hyogoken Nanbu Earthquake, M-6.9 



Figure 1 . Main shock epicentre (JMA), aftershock zone, and peak 
ground motions of the 1995 Kobe earthquake, superimposed on a 
map of active faults. The aftershock zone is based on locations 
marked by the Disaster Prevention Research Institute, Kyoto Uni¬ 
versity, using data from the microearthquake networks of Kyoto, 
Tokyo and Nagoya Universities. The strong-motion data are from the 
Committee of Earthquake Observation and Research in the Kansai 
Area, JR, Osaka Gas and JMA, and represent different measures of 
ground motion, as described in the text. The active faults are from 
ref. 2. Modified from K. Koketsu Earthquake Research Institute, 
University of Tokyo. 

modelling and the distribution of aftershocks indicate a 
fault rupture about 30-50 km long produced by bilateral 
rupture from the hypocentre. The rupture of this strike- 
slip earthquake directly into downtown Kobe contri¬ 
buted to the high level of destruction. 

The earthquake occurred in a region where a complex 
system of active faults had been mapped^ (Figure 1). 
The focal mechanism of the earthquake indicates right- 
lateral strike-slip faulting on a vertical fault striking 
slightly east of northeast, parallel to the strike of the 
mapped faults. The earthquake produced surface rupture 
with an average horizontal displacement of 1-1.5 m on 
the Nojima fault, which runs along the northwest shore 
of Awaji Island (T. Nakata, K. Yomogida, J. Oada and 
T. Sakamoto, written communication, 1995). Marine 
seismic surveys by the Japan Maritime Safety Agency 
have found a 300 m long offshore extension of this rup¬ 
ture. The surveys also found two fault rupture segments 
that span a length of about 7 km in the region offshore 
from the northeast tip of Awaji Island, parallel to the 
Nojima fault but offset from it by about 5 km. 

The earthquake mechanism is compatible with the 
tectonic environment of western Japan as revealed by 
historical seismicity. This seismicity contains a se¬ 
quence of earthquakes between 1891 and 1948 that in¬ 
cludes the magnitude 8 Nobi earthquake of 1891, the 


magnitude 7.3 Tango earthquake of 1927, the magnitude 
7.2 Tottori earthquake of 1943, and the magnitude 7.1 Fu- 
kui earthquake of 1948 (ref 3). All of these earthquakes, as 
well as the 1995 earthquake, had strike-slip mechanisms 
that accommodated east-west shortening of the Eurasian 
plate due to its collision with the North American plate 
along the Izu-Itoigawa line to the east in central Honshu"^. 

Strong ground motions were recorded by several or¬ 
ganizations, including the Committee of Earthquake 
Observation and Research in the Kansai Area, JR, Osaka 
Gas, Japan Meteorological Agency, Hankyu Railroads, 
Japan Highways, and Building Research Institute. The 
peak ground accelerations and velocities, mostly re¬ 
corded on soil sites, are shown in Figure 1. The various 
contributing organizations present different measures of 
peak acceleration. The Kansai and JMA values are the 
largest of the three orthogonal components; the Osaka 
Gas values are the vector combination of the two hori¬ 
zontal components; and the JR values are vector combi¬ 
nations of the two horizontal components after they have 
been higheut-filtered at 5 Hz. 

This is the first large set of strong-motion data includ¬ 
ing near-fault records from a crustal earthquake in Japan 
and will be useful for evaluating the criteria that are 
currently used in the seismic-resistant design of struc¬ 
tures in Japan. The near-fault ground velocity time his¬ 
tories have large pulses of long-period motion, which 
are indicative of rupture directivity effects and are poten¬ 
tially damaging to multistorey buildings and other long- 
period structures such as bridges. The near-fault horizontal 
peak velocities were 55 cm/s on rock at Kobe University, 
and went off scale at soil sites at levels of 40 and 100 cm/s 
in central Kobe. These values are similar to those recorded 
close to comparable earthquakes in California. 

Peak accelerations as large as 0.8 g were recorded in 
the near-fault region on soil sites in Kobe and Nishi- 
nomiya. To make a preliminary comparison of the re¬ 
corded values with those predicted by empirical 
attenuation relations used in California, we have ad¬ 
justed the Kansai and Osaka Gas values to approximate 
the average of the two horizontal components. The re¬ 
sulting adjusted values are comparable to those pre¬ 
dicted for a strike-slip earthquake using empirical 
attenuation relations for soil, based mainly on California 
data (Idriss, 1991), as shown in Figure 2. Although it is 
known that most of the data are from ground level sites, 
some may be near or in buildings, and a few may be 
from above ground level in structures. Also, instrument 
corrections of the records have, generally not yet been 
made, and the soil conditions at the sites have not been 
reviewed, so further information is required before de¬ 
finitive conclusions can be drawn from these data. 

Damage to lifelines hinders rescue efforts 

Kobe is located on a narrow strip of land between Osaka 
Bay to the southeast and the Rokko mountains to the 
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Figure 2. Attenuation of recorded peak acceleration at soil sites, 
adjusted to approximate the average of two horizontal components, 
compared with an empirical relation for soil, based mainly on strike- 
slip data from California (Idriss, 1991). Strong-motion data are from 
the Committee of Earthquake Observation and Research in the Kan- 
sai Area, Osaka Gas, and JMA. 



Figure 3. Collapse of the Ilanshin Expressway in Nishinomiya. 
Photograph by the author. 


northwest. In this narrow transportation corridor, which 
links western Japan with northeastern Japan, all major 
transportation systems were severed by the collapse of 
elevated roads and railways, creating major dislocation 
of public and commercial traffic. The Shinkansen 
route - the high speed rail route between Tokyo and all 
of western Japan ~ was closed by the collapse of bridge 
spans in Kobe, as were two other rail lines. The elevated 
Hanshin Expressway, which is the main vehicular traffic 
artery through Kobe, was closed by collapses at three 
locations, one of which included a 630 m section of the 
expressway (Figure 3). Along this expressway, there was 
widespread evidence of ground failure: disrupted road 
pavement, subsidence of the pavement around manholes. 



Figure 4. Slorcv collap.sc in a modern building in the Sannomiya 
district of downtown Kobe. Photograph by the author. 


and ejected silty soil. Ground level roads became the 
only transportation links, and their congestion greatly 
impeded emergency response and recovery. 

In the Sannomiya district of downtown Kobe, large 
deformations of road pavements and of the ground 
around building foundations were observed. These de¬ 
formations were typically of the order of tens of centi¬ 
meters and may have helped cause severe damage, 
including tilting, collapse of individual storeys, or col¬ 
lapse of the entire structure experienced by many multi¬ 
storey buildings in the downtown area (Figure 4). 
According to newspaper reports, only 20% of the 
buildings in downtown Kobe were currently usable after 
the earthquake. 

Widespread ground failure was observed throughout 
the strongly shaken region along the margin of Osaka 
Bay. On the islands of Rokko and Portopia, which are 
reclaimed land in Osaka Bay near Kobe, liquefaction 
caused subsidence in the range of 50-300 cm, and large 
volumes of silty soil were ejected. Local lateral spread¬ 
ing of soils occurred along quay walls in many parts of 
the extensive port facilities in Kobe, rendering many of 
them inoperative and causing the disruption and collapse 
of cranes. Approximately 30% of Japan’s commercial 
shipping' passes through the Port of Kobe. 

Utilities in Kobe were severely affected by the earth¬ 
quake. About 70% of Kobe’s water system was inoper¬ 
able due to numerous distribution system breaks caused 
by widespread ground failure. The gas system was also 
severely affected, and the electric system was disrupted 
by the collapse of thousands of poles, due in many cases 
to the collapse of adjacent buildings. 

The earthquake struck at 5:46 a.m., when most of the 
residents were still sleeping or beginning their morning 
routines. Most of the deaths and injuries occurred when 
older wood-frame houses with heavy clay tile roofs col¬ 
lapsed. The collapse of these buildings was followed by 
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the ignition of over 300 fires within minutes of the 
earthquake. Response to the fires was hindered by the 
failure of the water supply system and the disruption of 
the traffic system. At least 12 major conflagrations de¬ 
veloped and burned for 24-48 hours. Within 24 hours, 
fire companies had arrived from as far away as Tokyo. 
The number of homeless people requiring shelter was 
estimated to be approximately 300,000, which is 20% of 
the population of Kobe. 

Implications for California 

Currently, available evidence does not suggest any dif¬ 
ference between the source characteristics of the Kobe 
earthquake and those of crustal earthquakes that occur in 
California, and our preliminary evaluation of the ground 
motions from the Kobe earthquake indicate that they 
were comparable to those we would expect from a Cali¬ 
fornia earthquake of the same magnitude. Since the 1933 
Long Beach earthquake, California has not experienced 
a strike-slip earthquake that ruptured directly into a 
heavily populated urban region and has never seen a 
strike-slip earthquake rupture into the downtown region 
of a major city. Although the 1994 Northridge earth¬ 
quake occurred within an urban region, almost all of the 
fault rupture occurred at depths greater than 10 km, and 


the great majority of the multistorey buildings in the San 
Fernando Valley were at least 20 km from the closest 
part of the fault rupture. However, many urban regions 
in California and other states contain strike-slip faults 
that can rupture to or near the ground surface, as oc¬ 
curred in Kobe. There is no doubt that these faults will 
produce earthquakes eventually. The urgent questions 
for earthquake scientists and engineers are whether the 
ground motions from these earthquakes will be as severe 
as those experienced in Kobe, and whether these ground 
motions will cause the tragic loss of life and disastrous 
damage to Californian cities that they brought to Kobe. 


1. Kikuchi, M., Teleseismic analysis of the Southern Hyogo (Kobe), 
Japan, earthquake of 17 January 1995, Yokohama City University 
Seismological Note #38, 1995. 

2. Research Group for Active Faults in Japan, Maps of Active Faults 
in Japan with an Explanatory Text, University of Tokyo Press, 
Hongo, Bunkyo-ku, Tokyo 113, Japan, 1991. 

3. Kanamori, W.^Annu. Rev. Earth Planet. Sci., 1973, 1, 213-239. 

4. Huzita, K., Mern. Geol. Soc. Jpn., 1980, 18, 129-153. 


ACKNOWLEDGMENTS. This report was compiled from informa¬ 
tion developed by many investigators, including M. Ando, K. Irikura, 
Y. Iwasaki, M. Kikuchi, K. Koketsu, T. Nakata, and K. Toki as well 
as participants in the Fourth Japan-US Workshop on Urban Earth¬ 
quake Hazard Mitigation, led by H. Kameda and S. Tubessing, which 
coincidentally began in Osaka on the day of the earthquake. 


Climate change studies: Need for a refocusing* 


S. M. Kulshrestha 


While there is considerable work done on global-scale assessments of the likely impacts of climate 
change, the confidence in regional-scale assessments based on global climate models is still low. 
But it is at the regional or country level where cost-effective response strategies and policy op¬ 
tions have to be formulated and implemented. For this, we need to make a transition from global 
generalities to regional/country specifics. This calls for a refocusing in studies of climate change 
and its impacts. 


The subject of climate change is undoubtedly one of the 
areas that has received very considerable public expo¬ 
sure in the recent times and more so during the past 10 
years. Thanks to the political and media attention and 
the varying perceptions emanating from these, it has 
also become controversial to a large extent and seems to 
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have acquired a geopolitical complexion. At the same 
time, it is also an area of considerable scientific effort 
worldwide. 

In such a situation, it is inevitable that a very large 
(and growing) body of scientific data, analyses and in¬ 
terpretations emanate from different parts of the world 
and different scenarios are put forth enthusiastically. 
But limited or selected observations may not constitute 
representative samples; short-term variations would not 
always indicate long-term changes; and above all, sce¬ 
narios should not be taken as predictions. 
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It is encouraging to note that efforts are being made 
by the world scientific community to strive for an inte¬ 
grated approach covering different disciplines. The 
growing concern for the future of our spaceship Earth 
and its inhabitants (present and future) has helped in 
attracting the attention of scientists, opinion leaders, 
policy makers, and the enlightened public. Furthermore, 
it has imparted a sense of urgency for understanding the 
ramifications of climate change. 

Yet, all this awareness and activity seems to be some¬ 
what defocused on a collective scale. The amount of 
information on climate change has increased rapidly but 
still remains tentative, incomplete and inadequately as¬ 
similated. Very often, it appears difficult to keep abreast 
of the emerging results of climate change studies, not to 
speak of coping with the problems and taking effective 
action to combat its adverse effects. The World Com¬ 
mission for Environment and Development (1987) had 
stated in their report^ as follows: 

‘A major reorientation is needed in many policies and 
institutional arrangements at international as well as 
national level because the rate of change is outstrip¬ 
ping the ability of scientific disciplines and our cur¬ 
rent capabilities to assess and advise.’ 

Since then, the available literature on climate change, 
suggested methodologies for assessment of impacts, and 
response strategies has grown considerably and the pile 
is increasing at a faster rate. This is an encouraging 
trend but there is a strong need to consolidate, espe¬ 
cially at regional and country levels. 

In the midst of all this, time seems to have come when 
a refocusing exercise appears necessary in order that the 
actions are not only timely and effective but also cost- 
effective. In this paper, an attempt is made to delineate 
the elements of a much needed refocusing of climate 
change studies. 

Definitions 

Before proceeding further, it would be advisable to have 
a clear understanding of the following terms: 

Climate. The climate of a place describes the overall 
character of the daily weather that prevails there from 
season to season and from year to year. But it is more 
than average weather. Climate not only describes aver¬ 
age or typical values of meteorological parameters, it 
includes statistics such as the annual range and extreme 
values. Thus, climate is the totality of all statistical 
weather information that would describe the variation of 
weather over a particular place or region. 

Climate is not ‘atmosphere alone’ phenomenon. It is a 
complex coupled system involving atmosphere, hydro¬ 
sphere, biosphere and geosphere. Land, oceans and at¬ 
mosphere being the major players in the complex 
climate system, climate is essentially a land-ocean- 


atmosphere system. Incoming solar radiation is the 
prime mover of the system but the resultant warming 
depends on many factors. Oceans are the major regula¬ 
tors of climate. It is known that the ocean circulation 
undergoes major changes gradually over a period of 
time. But the role of biosphere is not yet understood 
well. 

Climate variability. Climate variability is defined as 
the fluctuations of the climate system parameters 
(temperature, rainfall, etc.) due to the inherent natural 
variability of the system on a specified time scale (such 
as decadal) which are not influenced by factors external 
to the system or by human activities. 

Climate change. The UN Framework Convention on 
Climate Change^, which came into force on 21 March 
1994 after a prolonged process of international negotia¬ 
tions and governmental ratifications, defines climate 
change as ‘a change of climate which is attributed di¬ 
rectly or indirectly to human activity that alters the 
composition of the global atmosphere and which is in 
addition to natural climate variability observed over 
comparable time periods’. 

Relative magnitudes of climate change and climate 
variability. According to the evidence so far, the two are 
of the same order of magnitude and, therefore, difficult 
to distinguish in many aspects. The 1990 Scientific As¬ 
sessment Reporf by the Intergovernmental Panel on 
Climate Change (IPCC) had concluded and its 1992 
Supplementary Report"^ has maintained that ‘the size of 
this warming is broadly consistent with predictions of 
climate models, but it is also of the same magnitude as 
the natural climate variability. Thus, the observed in¬ 
crease could largely be due to this natural variability; 
alternatively, this variability and other human factors 
could have offset a still larger human-induced green¬ 
house warming’. 

Climate change - Some basic points 

There is indisputable evidence of an accelerated change 
in climate parameters over the last 100 years. There is 
also the palaeoclimatic record to show that climate has 
changed in the past as well. 

Some physical linkages (such as the anthropogenic 
greenhouse effect and the warming in the lower tro¬ 
posphere) are clearly evident and the physical connec¬ 
tion between enhanced greenhouse effect and climate 
change is quite sound. However, the magnitudes are un¬ 
certain due to the complex interactions among the com¬ 
ponents of the climate system and climate feedbacks. 
Furthermore, as already mentioned, climate has its own 
inherent natural variability. 

The irony of the situation is that in this complicated 
web of natural and anthropogenically caused processes 
leading to climate change, human beings are the perpe¬ 
trators as well as the victims. 
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Three main arenas of climate change 

The following are the three main manifestations of cli¬ 
mate change: 

• Global warming due to the enhanced greenhouse ef¬ 
fect arising from anthropogenic causes, and the resul¬ 
tant variation in rainfall patterns and the possible 
impact on extreme weather events. 

• Sea level rise in a warmer world. 

• Ozone depletion - mostly in Antarctic and Arctic 
regions and also in temperate latitudes. 

Basically, all the above three manifestations of 
climate change trace their origin to the increased accu¬ 
mulation of major greenhouse gases (GHGs), the con¬ 
centrations of which in the atmosphere have increased 
appreciably since the beginning of the industrial era. 
The main greenhouse gases are: carbon dioxide, chloro- 
fluorocarbohs, methane and nitrous oxide. Ozone is also 
a greenhouse gas but most of it occurs in the strato¬ 
sphere. There also exists an evidence that ozone in the 
troposphere could be increasing but the consequential 
feedback processes and the resultant forcings affecting 
the climate system are not yet clearly understood. 

Slowing down of the growth rate of carbon dioxide 
in the atmosphere 

It is interesting to note that the growth rates of carbon 
dioxide, methane and some of the halocarbons have 
shown a decrease over the past 10 years. In particular, 
atmospheric carbon dioxide (the major player among 
GHGs) showed a growth rate for 1992 at 0.5 ppm/year, 
which is about half of the average growth rate exhibited 
during the past decade^. Consequently, the concentration 
of carbon dioxide in the atmosphere continues to rise, 
albeit slowly, and is still below 360 ppm. This slow¬ 
down in the growth rate of carbon dioxide in the atmos¬ 
phere implies that the uptake of carbon dioxide by 
natural systems in biosphere, geosphere and hydrosphere 
(plants, soil and oceans) would have been larger than 
usual. A number of hypotheses have been advanced to 
explain these intriguing observations. It has been sug¬ 
gested that more carbon could have been sequestered by 
plants and soil, oceans playing a secondary role; Mount 
Pinatubo eruption of 1991 could have slowed down the 
respiration rates of terrestrial systems and fertilized 
plankton in ocean waters; or prolonged El-Nino could 
have been the cause. But none of these provide a satis¬ 
factory explanation. In fact, no processes are known that 
could maintain this situation for long in the face of in¬ 
creasing emissions from fossil fuel burning, growing 
industrial activity and increasing population and defor¬ 
estation. Actually, there are indications that the slow¬ 
down in the growth rate of atmospheric carbon dioxide 
has already reversed after 1992-as inexplicably as it 
had begun earlier. 
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The position in respect of ozone depletion in the 
stratosphere is comparatively simple, the chlorofluoro- 
carbons are mainly responsible for depletion of ozone in 
the higher latitudes, especially in the polar regions. 
However, now there are international conventions in 
force (Montreal Protocol and London Agreement) to 
limit and phase out the use and production of chloro- 
fluorocarbons and to develop safe alternatives. Ozone 
depletion is a phenomenon of higher latitudes and there 
is no evidence (or known mechanism) so far of ozone 
depletion in the tropics, where traditionally the amounts 
of ozone have been comparable to the Antarctic ozone 
hole values. Therefore, at least for the tropical regions, 
climate change is likely to manifest mainly as global 
warming and sea level rise. 

There also exists clear evidence that climate surprises 
or geological events (such as volcanic eruptions, mete¬ 
orite/asteroid impact) or socioeconomic forcings (such 
as increasing population, expansion of megacities, 
automobile exhausts, consumption of forests) resulting 
in large-scale alteration of the environment may outscale 
the presently envisaged climate change. In other words, 
catastrophic events, human activities, changing dynam¬ 
ics of socioeconomic systems and consequences of tech¬ 
nological advancements (which would include nuclear 
incidents and hazardous waste pile-up) may overwhelm 
the effects of any observed or envisaged climate change. 

Attention at international fora 

Though there is sufficient evidence of climate change on 
global scale induced by the increased concentration of 
GHGs, there are considerable uncertainties in respect of 
cause and effect, nature and extent, regional effects, and 
reversibility of the complicated processes involved. As 
already stated, various aspects of climate change have 
been the subject of intense scientific studies and inter¬ 
national attention for quite some time. Apart from con¬ 
certed scientific efforts at major research institutions 
round the world and the scientific results published in 
research journals, proceedings and reports, the subject 
has been officially dealt with at the following important 
international fora among others: 

Global fora 

• 1st World Climate Conf. (1979) 

• 2nd World Climate Conf (1990) 

• IPCC First Assessment (1990) 

• IPCC Supplement (1992) 

• UNCED - Earth Summit (1992) 

• Intergovernmental Meeting on World Climate Pro¬ 
gramme (1993) 

• UN Framework Convention on Climate Change 
(FCCC) (1991-94) 

• Conf. of Parties under FCCC (1995) 

• IPCC Second Assessment (1995) 
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Regional fora (Asia) 

® New Delhi Conference on Global Warming & Cli¬ 
mate Change - Perspective from developing countries 
(1989) 

® State of Environment in Asia and the Pacific (1990) 

® 1st Asia Pacific Seminar on Climate Change (1991) 

® 2nd Asia Pacific Seminar on Climate Change (1993) 

® 3rd Asia Pacific Seminar on Climate Change (1994) 

Major International Programmes 

® World Climate Programme (WCP) 

®® World Climate Research Programme (WCRP) 

®® World Climate Impacts Assessment and Response 
Strategies Programme (WCIRP) 

®® Tropical Ocean - Global Atmosphere (TOGA) 

® International Geosphere Biosphere Programme 
(IGBP) 

® Human Dimensions Programme (HDP) 

Major International Organizations 

• World Meteorological Organization (WMO) 

® United Nations Environment Programme (UNEP) * 

® International Council of Scientific Unions (ICSU) 

® Intergovernmental Oceanographic Commission (IOC) 
® Intergovernmental Panel on Climate Change (IPCC) 

® International Negotiating Committee for the UN 
Framework Convention on Climate Change (INC- 
FCCC) 

Present status of scientific knowledge on 
climate change 

What is understood well 

® Greenhouse effect gets enhanced due to anthropo¬ 
genic causes. 

® Long persistence of the effect is due to long residence 
periods of greenhouse gases and the slow time re¬ 
sponse of the climate system. 

® Natural climate variability overlaps the climate 
change due to the enhanced greenhouse effect. 

• Earth’s surface temperature, on a global average, has 
increased by 0.3~0.6°C over the past 100 years. 

• The stratosphere is likely to cool due to increase of 
carbon dioxide and decrease of ozone. 

® Global surface temperature rise would manifest gen¬ 
erally as increase in minimum temperatures. 

® Sea levels would rise. 

What is understood fairly well 

® Global mean precipitation would show an increase. 

® Northern polar winters would experience greater 
warming, which could lead to reduction in northern 


sea ice, especially the polar ice sheets, which could 
become prone to breaking and may result in devastat- 
ingly huge ocean waves. 

• Presently available coupled global climate models 
(CGCMs) give output products of understandable 
status up to intradecadal scales only. 

• Observed global temperature changes are not incon¬ 
sistent with model predictions. 

What is not understood 

• The role of oceans, biosphere (vegetation), geosphere 
(volcanoes). 

® How to incorporate climate feedbacks in CGCMs. 

® Land surface processes. 

® Radiative forcings: the role of clouds, aerosols, tro¬ 
pospheric water vapour. 

® What controls the concentration of carbon dioxide in 
the atmosphere. 

• Regional distribution of changes in temperature, rain¬ 
fall, soil moisture. 

• Model uncertainties, especially in regional applica¬ 
tions of CGCMs. 

• Changes in ocean circulation and upwelling. 

• Effect of (and on) major phenomena such as mon¬ 
soons, El-Nino. 

• Socioeconomic variables and future emission patterns 
ofGHGs. 

• Impacts of climate change on ecological and socio¬ 
economic systems, including habitat, demographic 
migrations, food security, and biodiversity. 

Regional approach 

There is no denying the fact that climate has multidis¬ 
ciplinary and multidimensional facets with strong re¬ 
gional and local aspects. Climate change and the related 
scientific, technological and socioeconomic responses 
call for in-depth, well-balanced and cost-effective 
strategies in order to enable governments and peoples to 
respond to climate change through specific action plans 
at regional and country levels, where indeed the action 
lies in order to be effective. This brings out the advis¬ 
ability of adopting a regional approach to climate 
change assessment and response. 

A regional approach to climate change is, in fact, a. 
quest to assess regional or country vulnerability because 
it is only on the basis of a realistic assessment of re¬ 
gional/country vulnerability that appropriate response 
strategies can be evolved for the region/country. But 
most of the studies done so far have been based on the 
anticipated changes in climate-related global parameters 
or other forcing factors derived from global-scale as¬ 
sessments. This approach reverts us to the global scenar¬ 
ios because the forcing factors are based on projections 
assessed on global scale. This introduces considerable 
generality and subjectivity. Therefore, in order to make 
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realistic impact assessments, we need to make a transi¬ 
tion from global generalities to regional/country specif¬ 
ics. Objective assessments are not yet feasible because 
there are many uncertainties associated with the model 
projections for regional-scale climate change computed 
on the basis of global-scale climate parameter changes. 
So what is to be done? 

A new approach - Major climatological 
phenomena as basis for assessing regional 
impacts 

It is the well-considered view of the author that it will 
be scientifically much more productive as well as cost- 
effective if we accord priority to detailed studies of 
those regional-scale aspects of climate that show prom¬ 
ise of reasonably dependable predictability. In other 
words, it will be more fruitful to attempt assessment of 
climate variability and climate change on the basis of 
major climatological phenomena that exhibit the follow¬ 
ing attributes: 

• Large scale. 

• Well-organized. 

• Quasi-permanent systems occurring fairly regularly. 

• Amenable to a reasonable degree of empirical or 
semi-objective analysis and prognosis even if not 
predictable objectively. 

A few examples of such major climatological phenom¬ 
ena are; 

• The Indian summer monsoon. 

• Droughts in India. 

• Droughts in sub-Sahara Africa. 

• East African monsoon. 

• Rainfall over the Amazon region. 

• El Nino. 

• Cyclones, typhoons and hurricanes. 

The author has been advocating this approach for over 
two years now and this approach seems to be gaining 
acceptability. He spoke about this at the National IGBP 
Seminar in Madras in 1993 and at the Second Asia Pa¬ 
cific Seminar on Climate Change in Bangkok, also in 
1993. The latter appreciated this approach as a comple¬ 
mentary methodology and the Seminar Report^ ‘noted 
that, given the current uncertainties associated with 
GCMs and the resources required for their application, 
these models should be integrated with complementary 
methodologies for climate predictions, even though in 
the long run they represent the best option’. 

Present position of climate change studies 

To summarize, the present position in respect of climate 
change studies is as follows: 


• Build-up of the greenhouse gases in the atmosphere 
due to anthropogenic causes results in enhanced 
greenhouse effect, which in turn disturbs the delicate 
balance in the climate system, leading to climate 
change. 

• In this affair, human beings are the perpetrators as 
well as the victims. 

• The climate changes observed so far appear to be 
within the limits of the natural variability of the cli¬ 
mate system but the rate of change has been faster in 
the past 100 years. 

• There are many uncertainties in the climate change 
processes and many linkages (such as the role of 
clouds, aerosols and tropospheric water vapour) are 
ypt to be understood clearly. 

• Coupled global climate models have a long way to go 
before these are able to reproduce the observed 
changes faithfully over a long period of time. 

• Usable applications of the models at regional/country 
scales are not yet in sight. 

• It is the regional/country vulnerability which needs to 
be assessed because the responses can be formulated 
and implemented effectively only at these levels, 
taking into account the local requirements and sen¬ 
sibilities. 

• An interim regional approach is to study the major 
regional-scale climatological phenomena which are 
quasi-permanent and amenable to a reasonable degree 
of predictability even by statistical or empirical 
methods. 

Refocusing of climate change studies 

In the light of what has been discussed in the preceding 
sections, an urgent need to consolidate the largely frag¬ 
mented scientific studies and the advisability of adopt¬ 
ing a regional approach for impacts assessment emerges 
clearly. For this, a refocusing of climate change studies 
is definitely called for. The essential elements of the 
refocusing could be as follows: 

- While work on refining CGCMs should continue with 
greater vigour, their regional-scale applications should 
also receive equally high (if not higher) priority. 

- Development of regional models of climate change 
should receive renewed emphasis. 

- Studies of regional-scale climatological phenomena 
should be encouraged because studies of variability 
and predictability of regional-scale climate may yield 
quick and usable appreciation of the regional/country 
vulnerability on account of climate change. 

- We need to make a transition from global generalities 
to regional/country specifics. This also points to¬ 
wards the advisability of making climate change as¬ 
sessment on the basis of major regional-scale 
climatological phenomena instead of the envisaged 
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changes in global-scale averages of climate para¬ 
meters. 

~ Even for a single country, climate change will have 
multiple perspectives and intricate interconnections. 
Innovative response strategies, suited to its own re¬ 
quirements, will have to be developed and validated 
by each country. These can then be synthesized into a 
regional strategy or strategies. 

- As climate change has strong geographical depend¬ 
ence, there cannot be a single global or even regional 
strategy. There would need to be a ‘bunch of strate¬ 
gies’ with subregional and sectoral (energy, transport, 
industry, agriculture, etc.) components or pro¬ 
grammes. Large countries would also need subcoun¬ 
try programmes. 

- The challenge lies not only in taking up in-depth 
studies of the implications of climate change but also 
in making it possible for different sections of the so¬ 
ciety (possibly subscribing to different views on the 
subject of climate change) to engage in a constructive 
dialogue. Hopefully, then workable programmes 
would emerge. The paramount need is to harmonize 
many a thought and many a talent to evolve a plan 
which will have a very large support base among in¬ 
tellectuals, scientists, policy makers, opinion leaders 
and the informed and concerned sections of the public 
in the country. 

- Studies of climate change and its impacts transcend 
the boundaries of individual scientific disciplines. 
This necessitates cooperation and coordination not 
only among different scientific disciplines (meteoro¬ 
logy, climatology, oceanography, physics, chemistry, 
biology, computer science and others) but also with 
social sciences (geography, economics, demography, 
etc.). Therefore, natural scientists and social scien¬ 
tists should come together to bring their expertise 


to study climate change and its impacts. Interface 
problems of interdisciplinary cooperation and coordi¬ 
nation require intellectual and operational under¬ 
standing. Hence, interdisciplinary groups should be 
convened to study how climate is likely to change at 
the national, subregional and regional scales; how the 
anticipated climate change might affect the natural 
and human environment on which people depend for 
their survival, sustenance and progress; and hoW the 
government and the society can respond to these 
likely impacts of climate change. 

Conclusion 

The above ideas on the need for a refocusing of climate 
change studies arise from the author’s long association 
with the subject both as a researcher and policy adviser 
at the national as well as international level. The above- 
mentioned elements of the desirable refocusing are 
commended to the scientific community and the policy 
makers in general and to those in our country in particular. 
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Genetic approaches to study of anaesthesia 

Bashir A. Mir and K. S. Krishnan 

Molecular Biology Unit, Tata Institute of Fundamental Research, Homi Bhabha Road, Colaba, Bombay 400 005 India 


The molecular mechanisms of general anaesthesia are 
not known. Over the years many different approaches 
to this problem have failed to identify the molecular 
target(s) of anaesthetics with certainty. Quite recently, 
a few mutants have been isolated in Drosophila 
melanogaster and Caenorhabditis elegans which deviate 
from the Meyer-Overton rule and show an altered 
response to different anaesthetics. In this review we 
assess the relevance of this newly emerging genetic 
approach in understanding the molecular mechanisms 
of anaesthesia. 


Understanding the molecular and cellular mechanisms 
underlying drug action is central to drug design. Progress 
towards such an understanding has been aided by studies 
of structure-activity relationships. In the case of 
phenothiazines, for example, nearly a hundred closely 
related compounds are major tranquilizers and it has 
been possible to design improvement in these molecules 
by analysing their action on the basis of their conserved 
chemical structures.^ Despite nearly a hundred and fifty 
years of clinical use, inhalational general anaesthetics 
defy such an analysis. These agents, which induce 
reversible loss of consciousness without adversely affec¬ 
ting vital functions, are a widely diverse class of 
molecules (Figure 1) with hardly any chemical similarity. 
Hence, approaches based on structure-activity relationship 
have not been useful in defining the target(s) of anaes¬ 
thetic action. The state of anaesthesia is defined at the 
level of the whole animal. Virtually every aspect of 
nervous system function is depressed. As yet, it is not 
clearly known which region(s) of the brain or which 
cellular processes are predominantly affected. 

Since general anaesthesia is most widely used in pain 
management during surgery, an understanding of the 
molecular mechanisms underlying this phenomenon is 
an important concern for medical as well as basic 
sciences. In this review we will attempt to bring together 
some of the interesting observations regarding general 
anaesthesia and assess critically the relevance of an 
emerging genetic approach which has the potential to 
identify molecules involved in anaesthetic response, from 
studies at the level of whole animal. 

Potency and Meyer-Overton rule 

The potency of general anaesthetics has a linear cor¬ 
relation to their hydrophobicity. This was recognized 


by Meyer and Overton^"^ well over a hundred years 
ago. This principle is applicable to all the cases of 
volatile general anaesthetics (Figure 2) and organisms 
studied. A high olive oil/gas partition coefficient reflects 
high hydrophobicity and vice versa; MAC is a measure 
of potency, and the lower the MAC, the more potent 
is the anaesthetic agent. The correlation holds good 
when hydrophobicity is determined by olive oil/water 
partition coefficient, octanol/water partition coefficient^ 
or for that matter total lipid/water partition coefficient. 
A corollary to this is that potency is independent of 
the size or chemical groups in an anaesthetic molecule 
and the target site is amphiphilic^’^. It is also interesting 
to note that the product of anaesthetic partial pressure 
and oil/gas partition coefficient, which gives the con¬ 
centration of anaesthetic agent at the site of action, 
varies only slightly from species to species (Table 1). 
Various attempts have been made to correlate anaesthetic 
potency with other physical properties of anaesthetic 
molecule^'^ but none show the closeness of fit that is 
observed with oil/gas partition coefficient. 


Cut-off effect 

Study of anaesthetic effects of homologous series of 
alkanes and alcohols shows that the higher members of 
the series are less potent or even nonanaesthetic. This 
has been termed as the ‘cut-off effect’The fact that 
the higher homologues of these series are bulky and 
also have low aqueous solubilities^^ probably explains 
their inability to reach the target as well as fit in it 
and consequently their low potency. 

Pressure reversal of anaesthesia 

A well-known result in anaesthesiology is that the 
anaesthetic effect of all known agents can be reversed 
by hyperbaric conditions of the order of 150 atm^^’^^. 
How pressure exerts an antagonistic effect on anaesthesia 
is itself an interesting question. Suggestions have been 
made that anaesthesia results in a volume increase of 
the membranes and at higher pressures anaesthetic 
molecules are squeezed out from the site, thus reducing 
the volume back to normal (critical volume hypothesis). 
At the same time several results about the expansion 
of membranes and volume changes are open to discussion 
because the fractional changes are too miniscule^’ 
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Figure 1. Anaesthetic agents. *Denotes agents in clinical use. (modified from ref. 70). 


Table 1. Oil/gas partition coefficients and potencies of inhaled anaesthetics in dogs, humans, mice and Drosophila 


Oil/gas partition 

coefficient Dogs Humans 


Mice 


Drosophila 


Anaesthetic 

3rc 

22‘’C 

MAC 

(atm) 

MACx 
oil/gas (atm) 

MAC 

(atm) 

MACx 
oil/gas (atm) 

*RR ED 50 
(atm) 

*RR ED 50 X 
oil/gas (atm) 

ED 50 

(atm) 

EDjo X 
oil/gas (atm) 

Methoxyflurane 

970* 

1790 

0.0023" 

2.23 

0.0016“' 

1.55 

0.0023" 

2.23 

0.00140 

2.51 

Chloroform 

265* 

840 

0.007/ 

2.08 

— 

— 

0.00357« 

0.95 

0.00139 

1.17 

Halothane 

224^ 

390 

0.0087" 

1.95 

0.0074“' 

1.66 

0.00645^ 

1.45 

0.00410 

1.60 

Enflurane 

96.5" 

151 

0.0267" 

2.58 

0.0168“* 

1.62 

0.0123^ 

1.19 

0.00506 

0.76 

Isoflurane 

90.8" 

150 

0.0141" 

1.28 

0.0115“' 

1.04 

0.00663^ 

0.60 

0.00385 

0.58 

Diethyl ether 

65" 

95 

0.0304" 

1.98 

0.0192" 

1.25 

0.032" 

2.08 

0.0168 

1.60 

Mean ± SE 




2.01 ±0.17 


1.4210.11 


1.4110.26 


1.3710.28 


''Ref. 71; ^ref 72; 'ref 73; "ref 74; "ref. 75; 4ef.76; ^'ref. 77. 

Values of oiVgas partition coefficient at 22“C taken from ref 58. 

EDjq values for Drosophila at 22“C taken from ref. 78. 

*Righting reflex. 

Note: Files are grown at 22“C and tested for anaesthetic response at the same temperature. 
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Figure 2. The correlation of anaesthetic potency with olive oil/gas 
partition coefficient (adapted from ref. 79). MAC refers to minimum 
alveolar concentration and is defined as that concentration of anaesthetic 
at 1 atm which induces anaesthesia in 50% of the subjects. 

Where do anaesthetics act? 

It has never been questioned that the volatile general 
anaesthetics have their primary target on neuronal 
membranes. This also fits in with the Meyer-Overton 
rule. The stereospecific action of certain anaesthetics^^"^^ 
is suggestive of proteins, either directly or indirectly, 
as targets of anaesthetic action. However, these results 
show either no differential effect or differences that are 
so small that it is impossible to infer the nature of the 
target. 

It has been shown by a variety of biophysical measure¬ 
ments that anaesthetics increase the fluidity of membranes 
and lipid bilayersHowever, the observed increase in 
fluidity^’ was at relatively higher concentrations of 
anaesthetics. Later studies^’conducted at clinically 
relevant concentrations of anaesthetics showed that the 
changes in lipid bilayer structure and fluidity are virtually 
undetectable. Earlier it was also shown^^’’ that clinical 
concentrations of general anaesthetics produce sizeable 
changes in the surface pressure of lipid monolayers held 
at a constant area at an air/water interface. However, 
X-ray and neutron diffraction studies^’ could not detect 
any significant change in the kructure or thickness of 
lipid bilayers exposed to surgical concentrations of anaes¬ 
thetics. Other lipid parameters like phase transition and 
permeability^^’have also been shown to be affected 
by general anaesthetics but the changes in these 
parameters are not so drastic^^’^"^^^. These results are 
understandable in the light of the amphipathic nature 
of lipids themselves and have been hardly enlightening. 
It is conceivable that lipids in membranes are in 


heterogeneous patches - specific membrane proteins sur¬ 
rounded by specific lipids with more or less affinity 
for anaesthetics. Proteins, on the other hand, have a 
high degree of specificity of action. However, anaesthetic 
literature is replete with results that indicate interaction 
of anaesthetics with almost every macromolecule invol¬ 
ved in neuronal function. This leaves very little room 
for a cohesive model as to how anaesthetics actually 
depress neuronal function. 

Anaesthetics bind to different classes of proteins, e.g. 
bovine serum albumin (BSA), haemoglobin, lacto- 
globulin, adenylate kinase and protein kinase but 

one protein, the light-emitting Luciferase enzyme, appears 
to be different as far as sensitivity to anaesthetics is 
concerned. Anaesthetic agents not only inhibit the activity 
of this enzyme at clinically relevant concentrations^^ but 
the inhibition appears to be competitive in nature and 
in some cases pressure reversal has also been shown. 
Franks and Lieb^"^’^^ have shown that the potency of 
anaesthetics correlated well with their ability to inhibit 
the activity of firefly Luciferase in addition to correlation 
with olive oil/water partition coefficient. How does a 
protein with fixed molecular dimensions and specificity 
for a particular substrate molecule, luciferin, accomodate 
molecular species as diverse as anaesthetics? Some 
workers have suggested that the site may accomodate 
a few of smaller-size molecules compared to say only 
one of the larger-size molecule. But the scenario does 
not look quite so simple. 

It is conceivable that the anaesthetic molecules possess 
properties not related to anaesthesia per se that help 
them to reach the actual site before interacting with it 
specifically and causing anaesthesia. These properties 
are reflected by the Meyer-Overton rule and the cut-off 
effect. The exact mechanism by which anaesthesia results 
is still an open question. It is not unlikely that several 
specific effects seen with the functions of neuronal 
macromolecules are incidental to anaesthetic partitioning 
into neuronal membranes and not causative of anaes¬ 
thesia. On the other hand, one cannot rule out the 
possibility that the opening of a potassium channel, 
closing of a sodium channel or blockage of synaptic 
transmission is the primary effect. The wide variety of 
suggested targets leaves room for questions as to what 
molecular targets anaesthetics act on; or which regions 
of the brain primarily produce the state of unconscious¬ 
ness as seen in an anaesthetized animal? It is in this 
context that a genetic approach becomes highly relevant. 

The genetic approach 

Complex physiological phenomena like learning, 
memory, alcoholism and anaesthesia are effectively seen 
at the level of the whole animal. These studies therefore 
require a systems approach and analysis of single cells 
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is not likely to provide an understanding of the beha¬ 
vioural changes. However, approaches like electro- 
physiology, simple model systems and genetics have 
yielded important information regarding the process of 
learning and memory^^. Our contention is that a genetic 
approach supplemented by cellular physiology would 
yield better insight into the anaesthetized state. 

Critical cellular components that may be involved in 
the response to inhalational anaesthetics are also the 
targets of mutational changes. Such changes that result 
in a consistent pattern of altered response to anaesthetics 
are what we seek in a genetic approach. These mutations 
will be of value in identifying specific molecular targets 
of anaesthetics if they exist or macromolecules in the 
pathway of anaesthetic action. Such molecules could be 
manipulated to change the time and site of their action 
to yield valuable clues as to how anaesthetics act. Such 
a manipulation needs simple model systems in which 
the response can be quantified and the genetics is facile. 
Two model- systems C. elegans and D. melanogaster 
show great promise in this respect. Mutations that cause 
the organisms to deviate from the Meyer-Overton 
relationship have been identified^^"^^’in both these 
systems. Such mutations may have altered the site of 
anaesthetic action. Once mutations that alter sensitivity 
to anaesthetics are obtained, it is possible to look for 
second site mutations that affect the robustness of these 
phenotypes. Such ‘enhancers’ and ‘suppressors’ reflect 
interactions of the gene products'^^’'*^ at molecular level, 
either directly or as part of a cascade of physiological 
change. These will be of value in understanding the 
‘molecular cast’ of the anaesthetic response. Genetics 
also offers the powerful tool of ‘mosaic analysis’"^^”^^ 
where one can create patches of mutant tissues in an 
otherwise wild-type background and vice versa. Cor¬ 
relation of anaesthetic response with a particular mosaic 
patch in an otherwise wild-type background could yield 
valuable clues to the focus of anaesthetic action in the 
nervous system. For example, if a chimeric organism 
with only central nervous system, fully or partly mutated, 
shows an altered response (resistance or sensitivity) to 
anaesthetics, it will clearly indicate that the site of this 
mutant patch is the focus of anaesthesia. In fact, our 
experiments with harSS (unpublished results) clearly 
indicate that only a part of the central nervous system 
(the cephalic ganglion) is required for the response to 
general anaesthetics. We are now trying to map the site 
even more finely. By creating different alleles of the 
same mutated locus, which is possible and routinely 
done in Drosophila, the function of different domains 
of a protein vis-a-vis anaesthesia may also be worked 
out. Genetics thus offers the study of anaesthetic action 
at the level of whole organism (by mosaic analysis) 
and also at the level of single putative target molecule 
(by creating allelic series of mutations). 


Flies, like humans, can be rendered unconscious by 
knock-out insults like mechanical shock, temperature 
changes as also with anesthetics. This state of uncon¬ 
sciousness which renders the organism immobile invariably 
involves neural elements and at the same time is re¬ 
versible without severe permanent loss of function. Study 
of such states is important for understanding the function¬ 
ing of the nervous system. In files, for example, it has 
been possible to get important information on nervous 
system by studying temperature-induced paralytics like 
shibire^^, para^^, comatose^^, nap{isy^, stoned^^, etc. 
Similarly mutants which are easily knocked out, like 
bang sensitive^^, bang senseless^^, easily shocked^^, have 
also been of value. 

Dissection of the molecular basis of the anaesthetic 
state by genetic means was inconceivable until very 
recently. The first systematic search for point mutations 
that alter response to volatile anaesthetics was initiated 
in the laboratory of Howard Nash"^^. The screen was 
facilitated by the study of the behaviour of flies in a 
column (inebriometer"^^; Figure 3) equilibrated with anaes¬ 
thetic concentrations of halothane. Four mutations, which 
we now know fall in three complementation groups, 
were identified. These mutants, initially isolated as resis¬ 
tant to halothane, later proved to be resistant to some 
other anaesthetics as well^^ (Table 2). Of the four 
mutants isolated, harSS and har85 are recessive, har56 
is semidominant whereas Har63 is dominant. They also 
differ in their anaesthetic response; har38 is more resis¬ 
tant, followed by har85 and Har63 whereas har56 is 
the least resistant (based on population behaviour). It 
is possible that mutants isolated as resistant to anaes¬ 
thetics could be altered primarily in the metabolism of 
these compounds; such pharmacokinetic mutants may 
have little value in the understanding of the neural 
response to anaesthetics. However, two of these mutants, 
har38 and har85, which we now know are allelic 
(unpublished results), display abnormal behaviour in the 
absence of anaesthetics. The most obvious phenotype 
is that these mutants have low viability and the abdomens 
of adult flies are more slender and elongated than 
wild-type flies. Most interestingly, the flies perform 
poorly in a standard counter-current geotaxis assay. This 
is largely because they tend to walk fits and starts, 
taking a few steps and then stopping before starting 
again. We have now characterized these mutants 
thoroughly on the basis of this abnormal walking beha¬ 
viour and it correlates well with their anaesthetic resis¬ 
tance (unpublished results). All the above three traits, 
i.e., low viability, abnormal walking behaviour and 
abdominal morphology, map to the . same deficiencies 
that uncover the anaesthetic-resistant behaviour. So, it 
is clear that the phenotypes of har38 and har85 do 
not depend solely on pharmacological challenge. 
These flies have suffered alterations in physiology. 
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Figure 3 a. The ‘inebriometer’ used for fractionating Drosophila 
resistant to anaesthetics, b. The elution pattern of flies from the 
inebriometer. Flies were grown at 22“C and collected when they were 
24-36 h old. The column was equilibrated with a particular concentration 
of anaesthetic for 15 min and after that flies, to be checked for 
resistance, were loaded at the top. Fractions were collected after every 
2 min. Flies which lose postural control first are eluted first. After 
30 min, anaesthetic is stopped and the resistant flies are eluted out 
with a mild puff of carbon dioxide. 


Table 2. Anaesthetic resistance and har mutants'^^’ 
and map position of har mutants 


Anaesthetic 

har38/85 

Har63 

har56 

Chloroform 

+ 

- 

_ 

Trichloroethylene 


- 

+ 

Methoxyfliirane 

+ 

+ 

+ 

Diethyl ether 

- 

- 

- 

Enflurane 

- 

+ 

+ 

Isoflurane 

- 

± 

- 

Halothane 

+ 

+ 

+ 


+ Denotes resistance; - denotes sensitivity. 


har38/85 12E2-12E5 

Har63 between ct and v"^^ 

har56 between v and 

(Mir and Krishnan, unpublished). 

presumably reflecting changes in the neuromuscular 
system that render them atypical in their response to 
anaesthetics. 

It is worthwhile mentioning here that a variant (Eth) 
obtained several years ago by Japanese workers^^ showed 
resistance to ether (assayed as mortality rate after 24 h 
of exposure to ether). However, the genetics of this 
phenotype was intractable^^ Yet another mutation, 9JR, 
which was originally isolated as resistant to DDT^^ 
turned out to be resistant to halothane (Dapkus et al, 
personal communication). Tinkelberg et observed 
that shaker alleles behave differentially towards anaes¬ 
thetic isoflurane. They showed that and are 

resistant in the tail flick assay (ability of fly to move 
away from a hot spot). However, in the inebriometer 
Shaker alleles particularly is hypersensitive to 

halothane"^^, and Sh^ alone is resistant to isoflurane and 
enflurane (Krishnan, unpublished observation). In parallel 
to the developments in the fly, mutations in the 
C. elegans which render the worm sensitive to various 
anaesthetics have been identified, unc-79 and unc-80 
make the worm more sensitive to halothane, whereas 
unc-9 suppresses both these mutations^^ However, it 
has not been possible to obtain anaesthetic-resistant 
mutations in C. elegans. The worm needs long exposures 
(~ 2 h) to get immobilized and the concentrations needed 
are very high. D. melanogaster has some advantages 
over the nematode C. elegans in the study of the 
anaesthetic response. More realistic concentrations of 
anaesthetics are used (Table 1) and the onset of anaes¬ 
thesia is brief. The interesting feature of the anaesthetic 
mutants in both the model systems is that these mutants 
do not show the same response towards all the anaes- 
thetics^^’^^'^^ and even discriminate between isomers of 
the same compound^^’These studies argue against the 
nonspecific action of anaesthetics and explore the pos¬ 
sibility of multiple targets^^’ 

Genetics as a tool to address the problem of identifying 
molecular targets of anaesthetics, is very recent as compared 
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to the history of anaesthesia (summarized below). 

History of anaesthesia 

Year Event 


1776 Priestly synthesized nitrous oxide but its 
anaesthetic properties became known 20 years 
later. 

1816 Michael Faraday discovered the anaesthetic 
properties of diethyl ether. 

1846 First surgery done under ether. 

1847 James Simpson introduced chloroform in clinical 
practice. 

1929 Anaesthetic properties of cyclopropane were 
discovered. 

1956 Halothane introduced in clinical practice. 

Only a handful of mutants are available (summarized 

below) and hardly anything is known at the molecular 

level. 

Genetic studies of anaesthesia in Drosophila 

Year Event 


1955 Rasmuson^^ isolated ether-sensitive mutant. 

1967 Ogaki et al?^ showed inheritance of ether 
resistance. 

1972 Gamo et al, showed inheritance of chloroform 
resistance. 

1990 Krishnan and Nash"^^ isolated halothane-resistant 
mutants. 

1991 Tinklenberg et al. studied the effect of 
anaesthetics on Shaker mutants. 

1993 Campbell and Nash^^ studied the effect of 
anaesthetics on various har mutants. 

1995 Leibovitch et ai"^^ studied the response of various 
channel mutants to different anaesthetics. 

Molecular cloning of the genes will be a fruitful approach 
in simple model systems like Drosophila and this could 
be extended, by looking for homologues, to higher 
systems. 

Conclusion 

Many fundamental observations are compatible with the 
idea that anaesthetics partition into neuronal membranes. 
As of now, it is unclear as to whether there are 
specificities with respect to the various regions of the 
brain and whether there are specific macromolecules on 


the cell surface that are primary targets. It is equally 
likely that it can be either a single region and a single i 
target molecule or several regions and multiple target 
molecules. A whole lot of compounds are excluded 
from the list of anaesthetics, probably due to their 
inability to reach appropriate targets because of the 
limitations of barriers. The drawback of current strategies 
is that they lack a clear approach to identify the cellular 
elements of the anaesthetic process. While the importance 
of the genetic approach to this problem cannot be 
overstated, it promises to be different from other 
approaches since here we study the whole animal, avoid¬ 
ing most of the artefacts inherent in other approaches. 
Certainly, this approach will provide a serious input I 

into identification of the cellular elements involved in j 
the process of anaesthesia. 

Some observations related to anaesthesia 

Malignant hyperthermia (MH) 

Tt is a covert pharmacogenetic myopathy which incommodes 
the sufferer little, if at all, in the normal course of events but, 
in response to exposure to general anaesthesia, manifests in 
the susceptible individual as a life-threatening syndrome of 
muscle hypercatabolism and rigor, accompanied by a rapid and 
inexorably progressive rise in body temperature to extremes of 
the order of 42“C. Suxamethonium (succinyl choline) and 
halothane are the two most potent - almost specific -- agents for 
triggering MH. 

The possibility that strains of certain breeds of pigs might 
serve as a valid animal model of MH was suggested by the 
observation, in litter mate pigs anaesthetized with halothane, 
of muscle rigor and hyperthermia in response to the injection 
of suxamethonium reported by Hall and coworkers (1966); 
thereafter, Harison and coworkers (1968) reported the same 
reaction but in response to administration of halothane alone. 
This MH response in pigs, later identified with the porcine 
stress syndrome, was shown to be heritable, confined to selected 
strains of a few breeds (Landrace, Pietrain, Poland, China) and 
to mirror the human reaction in every way’ (ref 67). 

Malignant diagnosis 

‘The last thing one needs during an operation is a serious 
reaction to general anaesthetics, but for sufferers of the rare 
disorder malignant hyperthermia (MH), the resulting sudden 
paralysis can be fatal if unchecked. Linkage studies have 
incriminated the rynodine receptor (RYRl), which controls 
release of calcium ions in muscle cells, but a putative mutation 
has only just been identified. E. F. Gillard et al. (Genomics, 
1991, 11, 751-755) describes a point mutation in the PYRl 
gene in affected members of one out of 35 MH families, which 
substitutes an arginine residue for cysteine. The analogous 
mutation is found in five strains of pigs that suffer the related 
porcine stress syndrome. However, the molecular basis of most 
MH cases remains to be determined and may not be confined 
to the PYR gene’ (ref 68). 
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Hypersensitivity to carbon dioxide 

L’Heritier and Trissier^^ discovered a form of carbon dioxide 
hypersensitivity in Drosophila that showed an unusual pattern 
of inheritance. Later on, this phenomenon was linked to the 
presence of a symbiont (virus) in hypersensitive flies. 
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Magnesium deficiency and the cardiovascular 
system 


K. Shivakumar 

Division of Cellular and Molecular Cardiology, Sree Chitra Tirunal Institute for Medical Sciences & Technology, Trivandrum 695 Oil, India 


Magnesium plays an important role in maintaining 
the structural and functional integrity of the cardio¬ 
vascular system. Its influence on cardiac ion chan¬ 
nels has immense clinical implications and is the 
subject of several incisive investigations. Magnesium 
deficiency may lead to a wide spectrum of vascular 
and cardiac complications. This article reviews 
evidence that magnesium deficiency promotes hyper¬ 
coagulability of blood, atherogenesis, vasoconstric¬ 
tion, cardiac arrhythmias and cardiac muscle 
damage. Mechanisms underlying these effects are 
briefly discussed. Further, it is proposed that the myo¬ 
cardial lesions of chronic magnesium deficiency may 
result from recurrent episodes of mild ischaemia and 
reperfusion and consequent free-radical generation. 


One of the most abundant cations within mammalian 
cells, magnesium (Mg) is an important metabolic cofac¬ 
tor, particularly in transphosphorylation reactions. It has 
been known for a long time that more than 300 enzy¬ 
matic reactions require Mg and that the biosynthetic 
repertoire of the cell is critically dependent on it. Mg 
also functions as a transmembrane and intracellular 
modulator of other ions. However, it was only recently 
that the regulatory role of the element has been recog¬ 
nized in the wake of the discovery that intracellular free 
Mg, [Mg^"^]!, is in the submillimolar range and that sev¬ 
eral intracellular systems have values for Mg within 
this ranged This opens the possibility that [Mg^*^]! 
may vary physiologically and act as a physiological 
modulator. 

The emergence of Mg as a premier cardiovascular 
cation follows important observations on the cardiovas¬ 


cular consequences of Mg deficiency which is no longer 
considered a mere laboratory phenomenon. Under¬ 
standably, there is increasing interest in the cellular and 
molecular actions of Mg and their relevance to clinically 
recognized cardiovascular events in humans. This re¬ 
view discusses briefly the link between Mg deficiency 
and abnormalities in cardiovascular function and exam¬ 
ines the underlying mechanisms. 

Incidence of magnesium deficiency 

A major problem in assessing the role of Mg status in 
the aetiology of diseases is the inadequacy of the indica¬ 
tors of Mg status". As only 1% of the total body Mg is in 
the extracellular fluid, the total serum Mg may not re¬ 
flect body stores. It is now amply clear that Mg deple¬ 
tion in tissues can exist despite normal serum Mg 
levels^. Cardiac disorders have been described^ in cases 
with normal serum Mg and lower tissue Mg. Low serum 
Mg and normal cellular total Mg content without clinical 
signs of Mg deficiency have also been reported. Further, 
the reported normal values for serum Mg fall within a 
rather broad range, making it hard to know what consti¬ 
tutes an acceptable level. Since <10% of intracellular 
free Mg is freely exchangeable or ionizable Mg^"^, it is 
suggested that this fraction could be a better determinant 
of potential consequences of Mg deficiency than either 
serum Mg or total cellular Mg^^ Nuclear magnetic reso¬ 
nance promises a reliable correlation between [Mg]i and 
diagnostic indices of Mg deficiency, but is not easily 
accessible^. 

Be that as it may, a series of clinical reports in the 
early 1960s helped focus attention on the occurrence of 
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hypomagnesemia^. Congenital primary hypomagne¬ 
semia, familial hypomagnesemia and hypomagnesemia 
associated with hypocalcemia, hypokalemia and hy¬ 
ponatremia have been reported^. Studies carried out in 
the US show that the overall incidence of hypomagne¬ 
semia in hospitalized patients ranges from 7 to 52%"^. 
Increased intake of calcium, phosphate, fat, sugar or 
vitamin D enhances the requirement for Mg while diar¬ 
rhoea and certain types of drugs, like the diuretics, in¬ 
duce Mg loss^. Reduced dietary intake of Mg through 
inadequate consumption of leafy vegetables, legumes, 
cereals and dairy products results in Mg deficiency^. 
Water is a source of Mg and the correlation between 
consumption of soft water (low Mg) and incidence of 
ischaemic heart disease should be a matter of concern to 
those living in soft-water regions. 

Cardiovascular disturbances in magnesium 
deficiency 

The major cardiovascular consequences of Mg defi¬ 
ciency are; (1) hypercoagulability of blood; (2) in¬ 
creased severity of atherosclerosis; (3) higher coronary 
artery tone or tendency for spasm; (4) greater myocar¬ 
dial vulnerability to arrhythmia; and (5) pathogenesis of 
the cardiomyopathy of Mg deficiency. While this article 
touches upon these aspects, the reader is referred to 
excellent and more comprehensive reviews on the 
subject^’''-*. 

Magnesium and haemostasis 

The beneficial action of Mg in acute coronary syn¬ 
dromes relates to its effects on clotting. Several studies 
show that oral or intravenous Mg prolongs the clotting 
time of whole blood and delays the time to peak throm¬ 
bin generation^. Another important observation is the 
inhibitory effect of supranormal concentrations of Mg 
on platelet aggregation^. Pretreatment of dogs with Mg 
was found to decrease platelet adhesion at the site of 
partial coronary occlusion by suture ligationNadler et 
observed that Mg infusion reduces thromboxane B 2 
synthesis and thrombin-induced platelet aggregation in 
humans. In another experiment, application of a solution 
of MgS 04 to injured rabbit artery or intravenous infu¬ 
sion of MgCL was found to suppress thrombin forma¬ 
tion^^. These and several other experiments carried out 
in different laboratories have confirmed the anticoagu¬ 
lant properties of Mg. 

Magnesium and atherosclerosis 

Recent investigations have revealed the nexus between 
Mg deficiency and perturbations in plasma lipids that 
would favour atherogenesis. Elevated levels of choles¬ 


terol, triglycerides and LDL and diminished levels of 
HDL have been observed in Mg-deficient rats^^’^"^. Ras¬ 
mussen et al}^ found, in a study on humans, a 27% re¬ 
duction in triglycerides and VLDL after three months of 
Mg therapy. This study also showed a significant reduc¬ 
tion in apoprotein B, no change in total cholesterol and 
an elevation in plasma HDL. A significant improvement 
in the HDL:LDL + VLDL ratio with MgCl 2 supplemen¬ 
tation was observed by Davis et al. in a 4-month clini¬ 
cal trial. Studies on high-risk individuals by Singh^^ 
showed a 29% incidence of cardiovascular complica¬ 
tions and 11% death rate in individuals on Mg-rich diet 
as against corresponding figures of 60% and 18% in 
individuals on control diet. As expected, the group on 
Mg-rich diet had higher serum K and Mg levels and 
slightly lower total cholesterol levels. It appears, there¬ 
fore, that Mg status influences atherogenesis. 

Magnesium and vascular tone, vasospasm and 
hypertension 

Over the last few years, many investigators have shown 
that administration of Mg produces dose-dependent re¬ 
duction in arterial blood pressure, reduction in vascular 
resistance across different organ beds (such as heart, 
kidney and brain) and increased vascular perfusion 
(across coronary and renal vasculature)^. Elegant ex¬ 
periments have demonstrated the effect of Mg on vaso¬ 
constriction. For instance, when [Mg]o is lowered or 
withdrawn from the blood (or perfusate), arterioles and 
venules in the peripheral and cerebral microvasculature 
undergo marked vasoconstriction. Mg seems to affect 
arterial tone in many vascular beds and reduction in 
[Mg]o results in elevation of tension development in 
different mammalian arteries like the coronary artery, 
aorta or the cerebral arteries. Interestingly, increase in 
mechanical activity upon reduction of [Mg]o is greatly 
diminished and rapidly disappears when [Ca]o is low¬ 
ered or chelated, suggesting that Ca influx is necessary 
for such contractile responses. It becomes evident from 
these observations that Mg is an important regulator of 
coronary, cerebral and peripheral vascular tone, which 
are related to unstable angina pectoris, coronary vaso¬ 
spasm, stroke and hypertension. Recent studies on the 
effect of Mg on release of endothelin- and endothelium- 
derived relaxing factor, two potent vasoactive agents, 
show that Mg deficiency may influence initiation of 
coronary vasospasm through these agents. Inverse rela¬ 
tionship between concentration of Mg in drinking water 
and incidence of hypertension or ischaemic heart disease 
is documented. Mg deficiency in patients with variant 
angina, suppression of angina upon intravenous adminis¬ 
tration of MgS 04 in patients with coronary artery spasm, 
association between ischaemic heart disease and low 
myocardial Mg, and perturbation in Mg balance in acute 
myocardial infarction amply illustrate the vascular 


1222 


CURRENT SCIENCE, VOL. 68, NO. 12, 25 JUNE 1995 



REVIEW ARTICLES 


effects of the element^’^. Whether Mg acts as a natural 
antihypertensive and Mg supplementation confers pro¬ 
tection against vasospasm warrants further scrutiny. 

Magnesium and cardiac arrhythmias 

Early afterdepolarizations are oscillations in membrane 
potential that cause repetitive depolarizations, referred 
to as triggered activity, which is also the term that de¬ 
scribes cardiac arrhythmias. Mechanisms underlying 
early afterdepolarizations are yet to be delineated 
clearly but are believed to be related to a block of the 
inward rectifying currentDavidenko et and 
Kaseda et have demonstrated inhibitory effect of 
Mg on early afterdepolarization produced by various 
agents. Mg was also shown to suppress early afterdepo¬ 
larization and tachyarrhythmias induced by cesium in 
dogs^^. The observed effect was attributed to an increase 
in inward rectifying current. Further, it was also sug¬ 
gested that suppression of triggered activity may be re¬ 
lated to a stabilizing or surface charge effect that 
enhances the threshold current requirement for activa¬ 
tion of triggered response^^. Whatever the mechanism, 
ventricular and atrial arrhythmias are related to Mg de¬ 
ficiency in many clinical settings and successful treat¬ 
ment of arrhythmias with parenteral Mg is reported in 
many cases. 

A look at the regulation of ion channels by Mg would 
explain the aforementioned effects of the element on 
vascular tone and cardiac arrhythmias. 

Magnesium and cardiac ion channels 

Magnesium and Ca^^ channels. Underlying many of the 
cardiovascular effects of Mg is the modulation of Ca^"^ 
flux by both [Mg^’^]o and [Mg^*^]!. In fact. Mg is believed 
to be a naturally occurring Ca^^ antagonist^^ The sys¬ 
tems that regulate Ca“^ flux and maintain Ca^^ levels 
within normal physiological range are sarcolemmal 
Ca^'^-ATPase, sarcolemmal Na-Ca exchange, sarco¬ 
plasmic reticular-Ca-ATPase and mitochondria. It ap¬ 
pears that Mg^"^ does not regulate the sarcolemmal Ca- 
ATPase as its affinity for Mg^^ is about 53 pM in pres¬ 
ence of 1 mM ATP and physiological [Mg^^ji is about 
10 times this value so that fluctuations in [Mg^*^]! are 
unlikely to affect it^ Further, unlike divalent and triva- 
lent cations which inhibit Ca uptake via the Na-Ca ex¬ 
change mechanism in cardiac sarcolemmal vesicles, 
Mg“^ seems to have little effect on influx and efflux 
through the exchange^"*. 

However, Ca handling by the sarcoplasmic reticulum 
is regulated by Mg^^ The dependence of Ca-ATPase 
activity on Mg^"^ in the range 0.1-1 mM is extremely 
steep. The ability of sarcoplasmic reticulum to accumu¬ 
late Ca is optimal when [Mg]i is 1 mM, which is well 
within the physiological range. [Mg^^]i above or below 


this range is apparently inhibitory. Considering that Ca^"^ 
flux across the sarcoplasmic reticulum is a primary 
mechanism of regulating [Ca]i in mammalian cardiac 
cells, it has been proposed that minor fluctuations in 
[Mg^'^ji may have major effects on [Ca“‘^]i and hence 
cardiac activity ^ 

Mitochondria from cardiac muscle sequester Ca in a 
respiration-dependent manner^^. As this is inhibited by 
Mg with an approximate of 3.1 mM, the ability of 
mitochondria to buffer [Ca^'*’]i is believed to be influ¬ 
enced significantly by [Mg^'^ji in the physiological 
range. 

Magnesium and channels. Six distinct cardiac 
channels have hitherto been identified by single-channel 
current recordings. Many of these channels exhibit in¬ 
ward rectification, allowing K"^ to pass more readily in 
the inward direction than in the outward direction^^. 
Available evidence suggests that Mg^"^ blocks the out¬ 
ward movement of through these channels. It is 
found that when the solution bathing the cytoplasmic 
side of the membrane contains Mg^"^, these channels 
rectify inwardly, as they do in the cell. However, when 
Mg^"^ is removed, the channel no longer rectifies but 
carries current equally in both the directions^^~^°. Thus, 
it appears that internal Mg^”^ acts as a naturally occur¬ 
ring channel blocker which plugs the open channel in 
a voltage-dependent manner from the inner surface of 
the sarcolemma, preventing outward movement of K*^. In 
other words, Mg^"^ plays a role in the rectification of this 
channel and hence in depolarization and repolarization. 

Mg influences rectification of the ATP-sensitive 
channel in much the same way. Interestingly, during 
hypoxia or ischaemia, a rise in [Mg^"^]! following ATP 
depletion promotes inward rectification of this chan- 
neE^. Further, the inward rectification of acetycholine- 
activated channel is also regulated by [Mg^^Ji 
through voltage-dependent block of outward rectifica¬ 
tion^^. It is pertinent to point out that these channels are 
activated by stimulation of muscarinic cholinergic re¬ 
ceptors via a G-protein whose activation requires 
Thus, activation of this channel by acetyl¬ 
choline or GTP requires Mg^^. Some cardiac cells have 
Ca^'^-activated channels that are involved in repolariza- 
tion^^. It is suggested that Mg^”^ increases the affinity for 
Ca^*^ of a similar Ca^'^-activated channel in salivary 
gland acinar cells^"^. It is unclear if [Mg^^]i regulates 
these channels the same way in cardiac muscle. [Mg^"^]! 
also appears to influence the delayed rectifier chan¬ 
nel that is responsible for membrane repolarization after 
an action potential. 

It is noteworthy that Mg is used in cardioplegic solu¬ 
tions (used in cardiac surgery to ‘paralyse’ the cardiac 
muscle) for its protective effect, which is related to 
Mg^'^-Ca^'^ and Mg^^-K"^ interactions at the sarcolemma. 
It is found that when high concentrations of Mg are 
employed in cardioplegic solutions, tissue enzymes and 
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mitochondrial oxidative phosphorylation are preserved^. 
Further, the effects on vessels discussed above ensure 
better perfusion. To summarize, the regulatory effects of 
Mg on the cardiovascular system relate to its influence 
on transmembrane flux of other ions, mainly Ca^"^ and 
which has a bearing on the generation of cardiac 
action potential. 

Magnesium deficiency and cardiac pathology 

Among the important cardiovascular consequences of 
Mg deficiency is the increased vulnerability of the myo¬ 
cardium to necrosis. Myocardial lesions of Mg defi¬ 
ciency, which are in the nature of a cardiomyopathy, 
have been studied in animal models. In humans, it is 
most likely that the effects are masked by other defi¬ 
ciencies. Typically, the morphologic finding is one of 
focal necrosis and calcification progressing to fibrosis^. 
However, these changes are not specific and are seen in 
other conditions such as alcoholic cardiomyopathy. 
Heggtveit et found an array of myocardial 

changes as early as two weeks after rats were placed on 
a Mg-free diet. Focal myocardial necrosis, manifesting 
subendocardially, enlarge, develop areas of calcification 
and become more numerous as deficiency advances. 
Vascular dilatation and hyperaemia are prominent in the 
early lesions of Mg deficiency. As it progresses, frag¬ 
mentation, vacuolization and eventual myocyte loss are 
noticed along with progressive increase in macrophages, 
fibroblasts and collagen. Electron microscopy reveals 
prominent early mitochondrial swelling and loss of in¬ 
ternal fine structure. As deficiency becomes more se¬ 
vere, mitochondria calcify and coalesce to form 
mineralized masses within the sarcoplasm of degenerat¬ 
ing myocytes. 

Theories on pathogenesis of the cardiomyopathy 
of Mg deficiency 

Calcium overload hypothesis. An attractive theory to 
explain the pathogenesis of Mg deficiency cardiomyo¬ 
pathy has been put forward by Heggtveit^^, who stresses 
the role of Ca overload in the causation of myocardial 
necrosis. The earliest observed change in the Mg- 
deficient animal is a dip in serum Mg and elevation in 
myocardial Na. It is likely that a reduction in Mg- 
dependent Na, K-ATPase activity^^"^^ causes Na"^ accu¬ 
mulation in the myocytes, which would also explain the 
electrical instability observed in the heart in Mg defi¬ 
ciency. Elevation of myocyte Na^ would result in rever¬ 
sal of the Na-Ca exchange and a rise in intracellular 
Ca^"^ (ref 40). That the increased myocardial Ca level is 
due to the Na-Ca exchange is consistent with the ob¬ 
served lag in the increase of myocardial Ca level behind 
increase in the Na level'*^ Further, Mg is also Nature’s 
Ca blocker, so that its deficiency causes Ca rise in the 


cell. Thus, the ‘Ca overload’ hypothesis emphasizes the 
role of elevated myocardial Ca in the development of 
Mg deficiency cardiomyopathy. Although Bloom^ has 
noted that development of histological lesions parallels 
elevation of myocardial Ca and does not precede it, it is 
not quite clear whether Ca accumulation in the myocar¬ 
dium in Mg deficiency precedes necrosis or is secondary 
to it. While Ca rise could cause injury to the myocar¬ 
dium, it is conceivable that even prior to Ca loading, 
damage gets initiated through other mechanisms. 

Free radical injury. Weglicki et al^^~^'^ have pursued 
the hypothesis that 02-derived free-radical production 
participates in the development of the cardiomyopathy 
of Mg deficiency. They have shown that Mg deficiency 
produces a generalized proinflammatory state marked by 
high circulating levels of inflammatory cytokines such 
as IL-l, IL-6 and TNF-a released by macrophages. 
These factors have been detected in the cardiac lesions 
of Mg deficiency. In experiments on rats, they demon¬ 
strated elevation of cytokine levels from day 12 in ani¬ 
mals on the Mg-deficient diet, reaching a peak by day 
21. Further, elevation of circulating levels of the neu¬ 
ropeptide, substance P, occurs at day 5. Substance P is 
known to produce several mediators of inflammation 
and both substance P and TNF-a trigger free-radical 
production. Increase in thiobarbituric acid reactive sub¬ 
stances and protective effect of vitamin E during Mg 
deficiency further support the theory that Mg deficiency 
does promote free-radical generation. Further, a recent 
report from the same laboratory shows that substance P 
blockade by CP 96954 reduces accumulation of sub¬ 
stance P and TNF-a in the cardiac lesions and attenuates 
rise in thiobarbituric acid reactive substances and re¬ 
duction in glutathione associated with Mg deficiency. A 
neuropeptide/TNF-a/free-radical-triggered mechanism 
that may be the major pathway of systemic oxidative 
injury inducing cardiomyopathic lesions during Mg de¬ 
ficiency seems attractive indeed. 

An integrated view. In the light of observations cited 
above, this author proposes that pathogenesis of the 
cardiomyopathy of chronic Mg deficiency involves early 
changes in the cardiac vasculature which may precede 
and promote changes in the myocardium. This is not to 
imply that other changes, such as impairment of the bio¬ 
synthetic repertoire of the cell"^^, do not contribute to the 
pathogenesis of the cardiomyopathy of Mg deficiency. 
Considering that myocardial Mg is well-preserved, such 
changes are not likely to represent early pathogenetic 
events. A tentative model (discussed below) merits at¬ 
tention. 

Myocardial Mg levels do not generally decrease ex¬ 
cept in extraordinary conditions, as after ischaemia or 
upon administration of certain types of drugs. (In fact, 
even in experimental animals, a Mg-depleted diet fails 
to reduce significantly myocardial Mg over several 
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days.) On the contrary, hypomagnesemia, defined as 
decreased or suboptimal serum levels of Mg, can be 
more common in a population. It is, therefore, possible 
that the cardiac vasculature rather than the myocardium 
would be the site of early lesion in Mg deficiency. Con¬ 
sidering the proven link between Mg deficiency and va¬ 
sospasm, it is tempting to propose that chronic Mg 
deficiency, with occasional bouts of acute deficiency, 
may induce, through effects on vascular smooth muscle, 
episodes of mild ischaemia and reperfusion in the vascu¬ 
lature, which, as is well-known, would promote free- 
radical generation and eventual damage to the cardiac 
muscle. That the early myocardial lesions in Mg- 
deficient animals are localized around blood vessels is 
consistent with such a proposition. Cardiac fibrosis as¬ 
sociated with the late stages of Mg deficiency is possi¬ 
bly reparative in nature and follows free-radical injury 
to the muscle. Interestingly, Kramer et have re¬ 
cently observed that Mg deficiency potentiates free- 
radical generation associated with postischaemic injury 
to rat hearts; vitamin E was found to afford protection. 
The temporal sequence of ischaemic change and free- 
radical production in Mg .deficiency per se needs to be 
elucidated. 

Conclusion 

Mg deficiency is clearly a risk factor for a spectrum of 
cardiovascular diseases. Importantly, subclinical Mg 
deficiency, whose incidence is possibly higher than one 
would expect, is a silent operator that can gradually im¬ 
pair the structural and functional integrity of the cardio¬ 
vascular system. The questions that confront the 
investigator interested in Mg deficiency are the follow¬ 
ing: 

1. What constitutes Mg deficiency? 

2. What, if at all, is the prevalence of subclinical Mg 
deficiency in a population? 

3. Is Mg supplementation desirable? If so, to what 
extent? 

4. What are the molecular mechanisms underlying 
vascular changes and cardiac muscle damage and fibro¬ 
sis associated with Mg deficiency? 

Investigations along these lines would necessarily 
have to transcend conventional barriers between bio¬ 
chemistry, epidemiology, nutrition and clinical medicine 
and target the terra inccfgnita of a new synthesis. A joint 
venture shall not be in vain. 
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Fossil fuel combustion has two competing effects on 
the climate system, a warming due to the emission of 
CO2 and other trace gases and a cooling due to sul¬ 
phate particles formed from the SO2 emission. A de¬ 
tailed parameterization of the relationship between 
fossil fuel burning and the SO2 effect on backscatter- 
ing and cloud albedo is implemented in a one¬ 
dimensional radiative-convective model for assessing 
the climatic impact. The results show that at present 
the cooling induced by the combined effect of SO2 
completely counteracts the CO2 greenhouse warm¬ 
ing. The model predicts that by the year 2060 the 
S02“induced cooling reduces warming due to CO2 by 
66 % in the IPCC scenario BaU and by 27 % in the 
IPCC scenario D. Attempts to slow-pace the fossil 
fuel burning will decrease the SO2 concentration, 
which could further increase global warming. 


When fossil fuel is burned, both carbon dioxide and 
sulphur dioxide are added to the atmosphere. Carbon 
dioxide being a greenhouse gas has a warming effect on 
the climate system. The radiative effect of CO 2 is rela¬ 
tively easy to assess based on its infrared absorption and 
emission properties. 

In the atmosphere, sulphur dioxide goes on to oxidize 
with compounds in the troposphere to produce aerosol 
particles. These hygroscopic submicron particles also 
affect our climate but in a different way. These particles 
scatter solar radiation back to space, causing a direct 
cooling - this is called the direct effect. These particles 
also increase the concentration of cloud condensation 
nuclei (CCN). An increase in the CCN concentration can 
cause an increase in the cloud ^droplet concentration, 
which will cause an increase in the total reflective sur¬ 
face area within the cloud, thus leading to an increase in 


the cloud albedo. This is called the indirect effect. Ma¬ 
jor difficulties in the study of climatic effect due to SO 2 
emission result from the fact that the atmospheric sul¬ 
phuric compounds have a short lifetime, a nonhomoge- 
neous distribution of sources and a variable vertical 
distribution of concentration. 

The increase and the predicted radiative forcing re¬ 
sulting from the four Intergovernmental Panel for Cli¬ 
mate Change (IPCC) greenhouse gases emission 
scenarios were known to us. The Business-as-Usual 
(BaU) scenario represents a continued increase in the 
consumption rate of fossil fuel at the present pace. Sce¬ 
narios B and C represent a lower rate of increase. Sce¬ 
nario D represents levelling off of the consumption rate 
close to the 1990 consumption rate and a decrease after 
the year 2010. Spatially specific projections of future 
climate change assumed CO 2 to be the only forcing 
agent in fossil fuel burning, aerosols having been ig- 
nored^’^. This means that projections may well be 
grossly in error over much of the world^. 

Charlson et al"^ suggested that the direct SO 2 -induced 
forcing is comparable but opposite to the anthropogenic 
C02-induced forcing. Recently Kiehl and Briegleb^ and 
Taylor and Penner^ calculated the direct radiative forc¬ 
ing due to sulphate aerosols. The indirect forcing was 
recently calculated by Jones et ai’^ At the present emis¬ 
sion level, the S02-induced cooling has the potential of 
at least partially offsetting the C02-induced warming^. 

In this paper, we present a detailed analysis of the 
climatic effects of CO 2 and SO 2 using a one-dimensional 
radiative-convective model. Here we present an analysis 
of the relationship between fossil fuel burning, CO 2 and 
SO 2 emission, the concentration of anthropogenic CCN, 
reflected solar radiation and cloud albedo, along with 
a simulation of the combined SO 2 and CO? climatic 
effect. 
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Figure 1. The atmospheric CO 2 conccntraiions for the IPCC scenar¬ 
ios Bal.' and O for fossil fuel consumption. 



Figure 2. Anthropogenic emission rates of sulphur, based on the 
emission estimated by Moller*' for the period 1950-1985 and on the 
future consumption rates (Ball and D) according to the IPCC report 

CO2 and SO2 concentrations 

Anthropogenic CO 2 is emitted in the atmosphere mainly 
by fossil fuel and biomass burning. We have used the 
past and anticipated CO 2 concentrations estimated by 


Kaufman and Chou^^ based on the consumption rates 
given in the IPCC Report^. The concentrations are 
shown in Figure 1. BalJ scenario represents a continued 
increase in the consumption rate of fossil fuel at the pre¬ 
sent pace. Scenario D represents a levelling off of the 
consumption rate and a decrease after the year 2010. 

The data on the rate of SO 2 emission, Ps(t), for the 
period 1950-1985 were taken from Moller^^ The data 
for the period after 1985 were taken from Kaufman and 
Chou'°, estimated using the IPCC scenarios for fossil 
fuel consumption. To convert the fossil fuel consump¬ 
tion rate into SO 2 emission rate, it is assumed that the 
present ratio between SO 2 emission and fossil fuel con¬ 
sumption remains unchanged in the future. 

The future emission rate of SO 2 , Ps (t), is given by 

Ps(0 = ^s( 1985) ■ Pf(0/Pf(1985) for/> 1985, 

( 1 ) 

where Pf(t) is the rate of fossil fuel consumption accord¬ 
ing to the IPCC scenarios and Pf(1985) is the rate- of 
fossil fuel consumption in 1985, Ps(1985) is the SO 2 
emission rate in 1985 taken from Moller^\ Plots of Ps W 
are shown in Figure 2. 

To calculate the direct effect of aerosol particles, sul¬ 
phate burden (g m“^) is to be prescribed. Sulphate bur¬ 
den, 

Paero(0 ’ P s(0 * (2) 

where /a is the fraction of sulphur that forms aerosol 
particles, Ps is the lifetime of sulphate particles, a is the 
fraction of the earth’s surface area containing aerosol 
particles and S is the area of the earth’s surface. About 
half the amount of sulphur dioxide is lost directly from 
the atmosphere, either washed out by rain or reacts 
chemically with plants, soil or sea water. The remainder 
50% goes on to oxidize to produce aerosol particles'^. 
We have, therefore, used /a= 0.5. We have used Ps = 6 
days and a = 0.26 (ref. 4). 

To calculate the indirect effect, the density (g m“^) of 
sulphur that forms potential CCN is calculated as 

PCCN (0 = Paero (0 * /c (^) 

where /c is the fraction of aerosol particles that have a 
potential to form cloud droplets. Kaufman and Chou^° 
used/c = 0.4. H is the height of aerosol layer above the 
surface. We have assumed H = 2 km. 

The relationship between the concentration of anthro¬ 
pogenic CCN and the density of sulphur is given by 

^cit) = pccniOKjnr^d) 

where is the mass weighted mean radius of the sul¬ 
phate aerosol particles, d the density of aerosol particles 
and /vs the fraction of the particles weight that is com¬ 
posed of sulphur. We have used /vs = 0.125, because 
roughly one-eighth of the total mass of CCN is sul- 
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phur^®, and 1.5 g cm ^ for sulphate particles. There¬ 
fore, 


(0 = 1.33 pccN (t)/rl (cm'^). (4) 

Whitby estimated the mean value of /*m to be 1.5 x 
10~^ cm. 

The relationship between the cloud optical thickness 
and the density of cloud droplets for a constant liquid 
water content is given by Twomey^^: 


'^0 




V 




(5) 


where the subscript 0 denotes unperturbed situations. 

From equation (5) it can be seen that there is a strong 
nonlinearity in the relationship between the change in 
the cloud optical thickness and the CCN concentration. 
Due to this nonlinearity a constant increase in the emis¬ 
sion rate in the future will cause a smaller forcing. 

The ratio of the cloud optical thickness to the ‘base’ 
values of the year 1900, t(0/t(1900), for IPCC BaU 
scenario and D scenario are shown in Figure 3. Cloud 
optical thickness due to the short lifetime of atmospheric 
aerosol closely follows the emission scenarios while 
longer CO 2 lifetime causes a monotonous increase in the 
CO 2 concentration for all IPCC scenarios. 


Radiative-convective model and calculation 
method 

We have used University of Illinois multilayer radia¬ 
tive-convective model (UIMLRCM). This model has 26 



layers from the surface to 4 hPa. The model uses de¬ 
tailed radiative parameterizations. Short-wave calcula¬ 
tions are based on the two-stream delta-Eddington 
method^"^, employing eight spectral intervals. The 
parameterization of water vapour is based on the work 
of Chou and Arking^^, ozone absorption on the work of 
Lacis and Hansen^^ and carbon dioxide on the work of 
Fouquart^^. The optical depth and single-scattering al¬ 
bedo for cloud droplets are determined following Ste¬ 
phens'^ for non-ice clouds and Starr and Cox^^ for ice 
clouds. 

Long-wave flux equations are based on the two-stream 
formula for flux equations with parameterized optical 
depths. Gaseous absorptions due to water vapour, car¬ 
bon dioxide and ozone are considered. The parameteri¬ 
zation of water vapour, carbon dioxide and ozone is 
based on the works of Chou^^, Chou and Peng^^ and 
Kneizys et air , respectively. 

The radiative parameterization of aerosol scattering effect 
is also added in the model to calculate the direct effect. 

The wavelength-dependent optical depth of the aero¬ 
sol is calculated from the equation 


T(A) — Paero (0 * V^ext (^) * ^ 


where paei-o is the sulphate burden, is the wave- 
length-dependent extinction coefficient and Fn(rh) is the 
scaling factor to account for the increase in scattering 
due to increase in relative humidity. We have used a 
value of 1.7 for this as per recommendation"^. Extinc¬ 
tion coefficients, asymmetry parameter and single¬ 
scattering albedo were calculated using the standard Mie 
theory. For that we assumed the size distribution as 
lognormal. The geometric mean radius, was speci¬ 
fied as equal to 0.05 |um and the geometric standard de¬ 
viation was 2.0. 

The aerosol-specific extinction V'extC^^) for a given 
wavelength X was obtained from 




\Q,a,ry-n{r)dr 
Iso, I'-V'-) 


( 6 ) 


where the integration is over the particle radius r, 
is the Mie extinction efficiency, n{r) is the 
lognormal size distribution and is the fraction of 
the fine particles mass that is sulphate. We used the ob¬ 
served value of 1.5 g cm'^ for the dry particle density Ps 
and 0.6 for x^ 04 - 

We have used the mean cloud conditions given by 
Manabe and Wetherald^"^. We have, however, assumed 
that only low and middle-layer clouds were affected by 
S02“derived particles. 


Climatic effects of fossil fuel biiriiiiig 


Figure 3. The ratio of cloud opiica! thickness to the‘base’value for The climatic effects of fossil fuel burning were 
the year 1900, t(0/t(1900) tor the IPCC scenarios BaU and D. simulated using the radiative-convective model by 
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Figure 4. Radiative forcing (W m'^) relative to preindustrial climate 
(1900) for the IPCC Ball scenario (curves a and c) and D scenario 
(curves b and d). Curves a and b are for CO 2 forcing and curves c 
and d for the combined CO 2 - and S02-induced direct effect. 



YEAR 

Figure 5. Radiative forcing (W m~") relative to preindustrial climate 
(1900) for the IPCC Ball scenario (curves a and c) and D scenario 
(curves b and d).'Curves a and b are for CO 2 forcing and curves c 
and d are for the combined CO 2 - and S02-induced indirect effect. 


prescribing CO 2 concentration (Figure 1), SO 2 concen¬ 
tration (Figure 2) and optical depth values (Figure 3) for 
the two extremes of IPCC scenarios. The control run 
was made using the CO 2 and SO 2 emission values for the 
year 1900. The radiative forcing at the tropopause level 


and the equilibrium temperatures were calculated by inte¬ 
grating the model forward in time with convective adjust¬ 
ment to maintain the critical lapse rate limit (6.5°C/1<m). 

The radiative forcing due to CO 2 and the direct effect 
of SO 2 are shown in Figure 4. The radiative forcing due 
to CO 2 by the year 2060 is 5.74 W/m^ for Bali scenario. 
By slow pace of fuel burning the effect of CO 2 is ex¬ 
pected to reduce by about 46%. The S02-induced direct 
forcing is likely to reduce the forcing due to CO 2 in 
2060 by 49% for BaU scenario and 15% for D scenario. 
The effect is smaller for D scenario because the atmos¬ 
pheric SO 2 responds to the decrease in fossil fuel con¬ 
sumption much faster than the CO 2 concentration. The 
direct radiative forcing due to SO 2 for the year 1980 is 
-0.78 W/m“, which is comparable to the direct forcing 
of-0.9 W/m^ calculated by Taylor and Penner^. 

The radiative forcing due to CO 2 and the indirect ef¬ 
fect of SO 2 are shown in Figure 5. While in 1980 the 
S02-induced indirect effect reduced CO 2 forcing by about 
53%, the reduction in 2060 is 17% for BaU scenario and 
12% for D scenario. The smaller effect in 2060 than in 
1980 results from the nonlinear dependence of the cloud 
optical thickness on the SO 2 concentration. In this case also, 
the effect is still smaller for D scenario, for the reasons 
mentioned earlier. The radiative forcing due to the indirect 
effect for the year 1990 is -0.607 W/m\ which is compa¬ 
rable to that of Kaufrnan and Chou^^. 

The radiative forcing due to CO 2 and the combined ef¬ 
fect of SO 2 are shown in Figure 6. The negative forcing 
due to the direct and indirect effects of SO 2 for the year 
1990 is more than the positive forcing due to CO 2 , thus 
leading to overall cooling. By 2060 the combined effect 
of SO 2 is expected to reduce the CO 2 forcing by about 
66% in BaU scenario and 27% in D scenario. It may be 
noted that the reduction of CO 2 -induced forcing in D 
scenario is smaller than in BaU scenario. Because of the 
short atmospheric lifetimes of sulphate and its precur¬ 
sors, atmospheric concentrations will adjust within 
weeks to changes in emissions. This is a different situa¬ 
tion from that of CO 2 , which has an effective lifetime of 
decades. For example, the concentrations of CO 2 will 
continue to increase for more than a century even if 
emissions are kept constant at present-day level. 

Figure 7 shows the equilibrium temperatures calcu¬ 
lated in the model simulations for CO 2 and SO 2 concen¬ 
trations. The results are similar to those for radiative 
forcing (Figure 6). It is expected that by 2060, SO 2 - 
induced cooling will reduce the C02-induced warming 
of 1.61°C to 0.43°C. In general, it is also expected that 
S 02 -induced direct effect is likely to counteract CO 2 - 
induced warming more efficiently than the indirect effect. 

Discussion 

It is concluded that the emission of SO 2 for BaU sce¬ 
nario has a potential of offsetting the C02-induced 
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figure 6. Radiative Ibrciiig (W m ') relative to preindusirial climate 
(1900) for the IPCC BaU scenario (curves a and c) and D scenario 
(curves b and d). Curves a and b are for CO 2 forcing and curves c 
and d are for the combined CO 2 - and S02-induced total (direct and 
indirect) effect. 



Figure 7. Equilibrium temperature change (°C) relative to preindus¬ 
trial climate (1900) for the IPCC BaU scenario (curves a and c) and 
D scenario (curves b and d). Curves a and b are for CO 2 forcing and 
curves c and d are for the combined CO 2 - and S02-induced total 
(direct and indirect) effect. 

warming by about 98% at the present time (1990) and 
66% by the year 2060. An effort at levelling off and 
further reduction of the consumption of fuel will have 
smaller effect in offsetting the COi-induced warming, 


i.e. about 27% by the year 2060. During the levelling- 
off phase, the positive forcing due to CO 2 will continue 
to grow whereas the aerosol forcing will remain con¬ 
stant, and during the decay (reduction) phase the posi¬ 
tive forcing will start to level off and aerosol forcing 
will decline. These results will differ, however, if there 
is any characteristic change in fossil fuel use in future. 
For example, large-scale desulphurization (to reduce 
smog and acid rain) could enhance the warming due to 
increasing concentration of CO 2 . 

Even though annually and globally the averaged SO 2 - 
induced forcing offsets C 02 “induced forcing to some 
extent, horizontal and vertical distributions of radiative 
forcing due to CO 2 and SO 2 are different. S02-induced 
forcing generally is regionally concentrated, with largest 
values occurring near the most prolific source of anthro¬ 
pogenic aerosols. The aerosol-induced cooling is ex¬ 
pected to be larger in the NH because most of the 
emission sources are in the NH and because SO 2 and its 
products have a short lifetime. The regional pattern of 
indirect forcing is much more complicated than that of 
direct forcing. Still significant cooling occurs over the 
whole globe due to aerosol. 

Our approach in estimation of climate change for fu¬ 
ture combinations of CO 2 and SO 2 emissions by combin¬ 
ing the pattern for CO 2 alone and SO 2 alone appears to 
be justified, even though CO 2 and aerosol have different 
climate sensitivity. For example, the spatial correlation 
between the pattern of annual temperature change for 
combined CO 2 and aerosol forcing and the sum of the 
patterns for CO 2 alone and SO 2 alone is 0.86 (ref 3). 

There are some uncertainties concerning the relation¬ 
ship between the SO 2 emission and the CCN concentra¬ 
tion and cloud optical thickness due to very restricted 
observational evidence. Also, global temperature rec¬ 
ords can be seriously affected by such perturbations as 
Mt. Pinatubo volcanic eruptions“^. We thus need to im¬ 
prove our understanding of these processes. At present 
the distribution of sulphates globally is largely inferred 
from chemistry-transport modeIs“^, rather than being 
directly measured. 
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Magnetic polarity stratigraphy of the Pinjor 
Formation (Upper Siwalik) near Pinjore, Haryana 
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The magnetostratigraphic and vertebrate faunal 
studies were carried out in the type section of the 
Pinjor Formation (Pinjor Faunal Zone of Pilgrim^) 
near Pinjore township, Haryana. The Patiali Rao 
section exposes both Pinjor and pre-Pinjor beds with 
a thickness of 1296 m. Oriented samples were col¬ 
lected from 52 sites. The data permit one to conclude 
that the type Pinjor Faunal Zone of Pilgrim covers 
the entire Matuyama reverse chron and lower part 
of Bruhnes normal chron with a time span from 
2.47-0.63 Ma. Fresh vertebrate fossil collection indi¬ 
cates that the Pinjor Faunal Zone is marked by the 
first appearance of Equm, Cervus and Leptobos, 


It is now established that ‘faunal zones’ of Pilgrim^ are 
very vaguely defined and their boundaries can neither be 
located in the field nor be used in mapping. For this rea¬ 
son ONGC workers^ subdivided the outcropping se¬ 
quence on lithological basis for purposes of mapping. In 
the vicinity of Chandigarh, they divided the Upper 
Siwalik sequence into five lithounits and designated the 
basal part as ‘Masol Formation’ overlain successively 
by Rupar 1, II, III and IV formations. The subdivision of 
the Rupar Formation is based on the presence of pebble 
beds. The Masol Formation was correlated on faunal 
evidences to the Tatrot Faunal Zone and Rupar I, II and 
in to the Pinjor Faunal Zone of Pilgrim^ The conglom¬ 
eratic facies of the Rupar IV was correlated to the Boul¬ 
der Conglomerate. Present investigations are confined to 
a section along stream, locally known as Patiali Rao, 


which is a part of the type area of the Pinjor Faunal 
Zone of Pilgrim^ Patiali Rao section exposes 1296 m of 
sediments. Vertebrate fossils were collected, identified 
and clubbed with the magnetostratigraphic studies. The 
geological map of the area is given in Figure 1. 

Not much data on the magnetostratigraphic studies of 
the Upper Siwalik subgroup are available from India. 
However, studies were conducted in the Chandigarh 
region by Yakoyama‘\ Azzaroli and Napoleone"^ and 
Tandon et al.^. Ranga Rao et al.^ carried out magneto¬ 
stratigraphic studies in the Upper Siwalik sequence ex¬ 
posed in the vicinity of Jammu Hills. Ranga Rao^ 
synthesized the magnetostratigraphic data of various 
Siwalik sections. 

Faunal findings in Pinjore area 

Sahni and Khan^ carried out stratigraphic and vertebrate 
palaeontologic studies of the area lying east of Chandi¬ 
garh, including Patiali Rao section. Later, Badam^ and 
Gaur^® also made collections, but Sahni and Khan’s 
work formed the base. On the basis of fauna as well as 
lithology Sahni and Khan^ for the first time recognized 
pre-Pinjor or the Tatrot beds (= Masol Formation of 
ONGC) and Lower Boulder Conglomerate (Rupar IV of 
ONGC). They further identified about 80 m thick suc¬ 
cession, characterized mainly by grey clays towards the 
top of the Tatrot Formation which yielded rich verte¬ 
brate fossils (yielding 98% of their fossil collection), 
and named it as ‘Quaranwala Zone’. This zone was 
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Figure 4. Stratigraphic projection of the sites’ means from Patiali Rao after demagnetization up to 40 ml. 


varying from 10 to 40 mT. Therefore, all the specimens 
were cleaned at 10, 20 and 40 mT and the mean 
with best statistical parameter was selected for 
computation of virtual geomagnetic pole (VGP) 
latitudes, 

VGP latitudes were calculated for each site. If the 
site’s mean polarity was significant, i.e. if Ar> 10, the 
sites were designated as class I, and if A!" < 10, as class 
IT. Sites whose site means are statistically random were 
designated as class III. Our sites fall in class I and II and 
none in class III. 

The site mean directions of all the sites are plotted on 
steronet (Figure 4) before and after bedding correction. 
VGP latitudes calculated for each site were plotted 
against their position in the stratigraphic column 
(Figure 5). Eight magnetic reversals are present in the 
section defining three normal and four reversed magne¬ 
tozones. 

No ash bed was detected in the section during the pre¬ 
sent survey, which could have provided an age control 
for the correlation of the local magnetic polarity 
stratigraphy (MPS) with the magnetic polarity time scale 
(MPTS). We, therefore, used the palaeontological crite¬ 
ria for the correlation. However, in Ghaggar river sec¬ 
tion Mehta et al.^^ dated a thin band of volcanic ash 


belonging to the Pinjor Formation and assigned an age 
of 2.14 ±0.51 Ma. At Nl-Rl boundary our vertebrate 
fossil collection records the presence of Cervus with 
Leptobos (Figure 5). These genera are characteristic of 
the Pinjor Faunal Zone and were found in Nagrota— 
Jammu and Parmandal sections at the Gauss-Matuyama 
chron transition^. Equus, another characteristic taxa of 
the Pinjor Faunal Zone, occurs at the top of the Pinjor in 
the present section. Opposite Nl, no fossil was found 
during our survey excepting Stegodon sp. Earlier, Sahni 
and Khan^ reported the presence of Hipparion 
and Hemibos, characteristic genera for the Tatrot 
Faunal Zone. With these controls, Nl-Rl magnetic 
transition can be correlated to the Gauss-Matuyama 
transition presently dated at 2.47 Ma and R4-N5 bound¬ 
ary to the Matuyama-Brunhes transition dated at 
0.73 Ma. These age controls yield an average sedimen¬ 
tation rate of 0.63 m/1000 a for the Patiali Rao section. 
The ages of the normal magnetizones N2 and N4 com¬ 
puted from the above-mentioned sedimentation rate 
come to 2.1 and 1.0 Ma. These ages are close to the 
ages suggested for Renunion and Jaramillo subchrons 
and may well correlate with them. N3 would then repre¬ 
sent Olduval normal subchron with an age of 1.86- 
1.67 Ma. 
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Conclusion 

The data permit one to conclude that the type Pinjof 
Faunal Zone of Pilgrim^ comprises the entire Matuyama 
reversed chron and the lower part of the Bruhnes normal 
chron with a time span extending from 2,47 to 0.63 Ma. 
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ocean-atmosphere system 
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It has recently been proposed that the broad spec¬ 
trum of interannual variability in the tropics with a 
peak around four years results from an interaction 
between the linear low-frequency oscillatory mode of 
the coupled system and the nonlinear higher- 
frequency modes of the system. In this study we de¬ 
termine the bispectrum of the conceptual model con¬ 
sisting of a nonlinear low-order model coupled to a 
linear oscillator for various values of the coupling 
constants. 

It has been well-established that the tropical ocean and 
the atmosphere interact strongly on time scales larger 
than a season and that the El Nino and Southern Oscil¬ 
lation (ENSO), an irregularly fluctuating interannual 
phenomenon, is a result of such interactions between the 
atmosphere and the ocean. For time scales in which the 
atmosphere cannot be considered in isolation, say time 
scales of the order of a season or longer, one must con¬ 
sider the tropical coupled ocean-atmosphere system. 
Only a few studies have attempted to make a quanti¬ 
tative estimate of the predictability of the coupled 
ocean-atmosphere system. Goswami and Shukla^ 
showed that the growth of small errors in the coupled 


system is governed by two time scales. The fast time 
scale has an error-doubling time of about 5 months 
while the slow time scale has an error-doubling time of 
about 15 months. The slow time scale appears to arise as 
a result of the dominant four-year cycle of the system 
while the fast time scale appears to arise due to the ape- 
riodicity of the system. 

In general, aperiodicity may be attributed to nonlinear 
interaction between more than one mode (or degrees of 
freedom) of the system. Early instability analysis'^ shows 
that the tropical coupled ocean-atmosphere system pos¬ 
sesses an unstable coupled low-frequency mode having a 
period of 26 months and an e-folding time of 5 months. 
Recent studies^ have shown that the convergence feed¬ 
back mechanism included in the parameterization of 
atmospheric heating introduced some higher-frequency 
intraseasonal unstable modes. The existence of more 
than one unstable mode can lead naturally to nonlinear 
interaction between them and thereby explain the exis¬ 
tence of the aperiodicity. One of the efficient means of 
studying the existence of nonlinear interaction between 
different modes is by the determination of the bispec¬ 
trum. For a normal random process the third moments 
are zero. The bispectrum is a decomposition in the fre¬ 
quency domain of the third moments and thus provides 
information on the nonlinear characteristics. 

Krishnamurthy et al.^ have recently proposed a con¬ 
ceptual model for the aperiodicity of the interannual 
variability of the tropics. The model consists of a non¬ 
linear system (the Lorenz modef) coupled to a linear 
oscillator. The nonlinear system represents some aspects 
of the general circulation of the atmosphere and the 
equations are the same as those of Lorenz^. The linear 
part represents the dominant four-year oscillation of the 
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Table 1. The ten largest real bispectral values along with their periods (dim.) for a= /3= 0. The standard devia¬ 
tions of our estimates of the above bispectral values are given in brackets, m, w and y refer to months, weeks and 

years 


X 

0.02233; 7.5m, 6.67m 

0.0156; 7.5m, 6m 

0.0099; 7.5m, 5.45m 

0.0055; 7.5m, 5m 


(0.00002) 

(0.00003) 

(0.00004) 

(0.00005) 

X 

0.0027; 7.5m, 4.62m 

0.0011; 7.5m, 4.28m 

0.0007; 6.67m, 4w 

0.0006; 6.67m, 4.06w 


(0.00002) 

(0.000007) 

(0.00001) 

(0.00001) 

X 

0.0006; 6.67m, Im 

0.0005; 6.67m, 1.02m 




(0.00001) 

(0.00001) 



Y 

0.0084; 7.5m, 2.39w 

0.0077; 7.5m,2.16w 

0.0075; 7.5m, 2.1w 

0.0073; 7.5m, 2.36w 


(0.00065) 

(0.00076) 

(0.00098) 

(0.00068) 

Y 

0.0072; 7.5m, 2.08w 

0.0068; 7.5m, 2.34w 

0.0068; 7.5m, 2.28w 

0.0067; 7.5m, 2.2w 


(0.00094) 

(0.00069) 

(0.00064) 

(0.00060) 

Y 

0.0067; 7.5m, 2.24w 

0.0067; 7.5m, 2.26w 




(0.00061) 

(0.00064) 



Z 

0.0062; 2.39w, 4.26w 

0.0062; 2.39w,3.21w 


0.006; 2.39w, 4.64w 


(0.0002) 

(0.00022) 


(0.00027) 

Z 

0.006; 2.39w, 4.7w 

0.0059; 2.39w, 3w 

0.0058; 2.39w, 2.98w 

0.0055; 4.26w, 2.36w 


(0.0003) 

(0.00027) 

(0.00028) 

(0.00019) 

z 

0.0054; 2.39w, 3.66w 

0.0054; 2.39w, 3.42w 


0.0054; 4.26w, 2.3w 


(0.00062) 

(0.00025) 


(0.00026) 


Table 2, The ten largest imaginary part of the bispectral values along with their periods (dim.) for a= /? = 0. The 
standard deviations of our estimates are also given in brackets, m, w and y refer to months, weeks and years 


X 

0.0005; 7.5m, 6.67m 
(0.00002) 

0.0004; 7.5m, 6m 
(0.00003) 

0.0003; 7.5m, 5.45m 
(0.00004) 

0.0002; 2w, 3.94w 
(0.00011) 

X 

0.0002; 2w, Im 
(0.00006) 

0.0002; 2w, 4.26w 
(0.00007) 

0.0002; 2w, 4w 
(0.00009) 

0.0002; 2w, 4.73w 
(0.00004) 

X 

0.0002; 7.5m, 5m 
(0.00005) 

0.0002; 3.94w,3.66w 
(0.00007) 



Y 

0.0081; 1.81m, 2.09W 
(0.00092) 

0.0079; 1.81m, 2.11W 
(0.00094) 

0.0078; 1.81m, 2.08w 
(0.00094) 


Y 

0.0077; 1.8m, 2.13w 
(0.00093) 

0.0076; 1.8m, 2.14w 
(0.00092) 

0.0074; 1.8m, 2.22w 
(0.00086) 

0.0074; 2.4w, 2.4w 
(0.00087) 

Y 

0.0074; 1.81m, 2.24w 
(0.00086) 

0.0074; 1.81m, 2.28w 
(0.00090) 

0.0074; 1.81m, 2.26w 
(0.00090) 


Z 

0.0053; 2.39w, 4.64w 
(0.00027) 

0.0052; 2.39w, 3w 
(0.00027) 

0.0051, 2.39w,3.21w 
(0.00022) 

0.0049, 3w, 2.22W 
(0.00026) 

z 

0.0049; 2.39w, 4.26w 
(0.00020) 

0.0049; 3w, 2.24w 
(0.00026) 

0.0048; 2.39w, 5.09w 
(0.00038) 


z 

0.0048; 2.39w, 2.86w 
(0.00037) 

0.0047; 2.22w, 4.64w 
(0.00026) 

0.0047; 3.02W, 2.2w 
(0.00025) 



coupled system arising due to unstable air-sea interac¬ 
tions in the tropics and reflection of Rossby waves from 
the western boundary^. Due to the very large horizontal 
scale involved, the equatorial Rossby number for this 
phenomenon is small and hence may be considered 
linear. 


The equations of the coupled system may be written as^ 

X 

= - 

- aX + aF, 

(1) 

Y 

= XY-bXZ- 

cY + G + aP, 

(2) 

1 

^bXY^XZ- 

cZ+ a Q, 

(3) 

P 

= ~(0Q-I3Y, 


(4) 


Q^coP~pZ, (5) 

where co is the frequency of the low-frequency oscillator 
with a period of four years, P and Q are the amplitudes 
of the sine and the cosine phases of the oscillation and a 
and /3 are the coupling strengths. Equations (l)-(3) rep¬ 
resent the high-frequency component while equations 
(4) and (5) represent the low-frequency component. The 
typical period of oscillation of the high-frequency cou¬ 
pled modes is in the intraseasonal range. In order that 
the nonlinear system (l)-(3) contain these intrinsic 
scales of the coupled system, we have rescaled Lorenz’s 
equations by a factor c as (original variables denoted by 
primes) 
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t = t'ic\ X=cr\ Y = cY-, Z = cZ'-, 

a = a'c-, b = b'; F = cF'; G = c^G' 

According to Lorenz, X may be interpreted as a zonaily 
averaged field while Y and Z may be interpreted as 
amplitudes of the two wave components. F is interpreted 
as external zonaily symmetric forcing (e.g. solar forc¬ 
ings) while G is the zonaily asymmetric forcing (e.g. 
land-ocean contrast). We have used c = 0.5 and have 
retained the same values of the unsealed coefficients 
Cl and b' as used by Lorenz, namely a' = 0.25 and 
b' = 4. 

The time series was obtained by integrating the system 
of equations (l)-(5) for a period of 275 years. The first 
50 years of data were discarded in order to eliminate 
transients. Data values with a sampling period of one 
week were stored. A record consisted of 260 data points, 
i.e a duration of 5 years. This yielded 45 nonoverlap¬ 
ping records for the entire 225 years data set. The bi¬ 
spectra were obtained for X, T, Z, P and Q for the 
uncoupled case (a=/3 = 0) and the coupled case 
(a=^=0.1). Also the same was obtained for cases 
(a=0, 13 = 0A) and (a =0.1, 13=0). The forcings for 
the time series had an annual cycle in F (F=7.0 + 2.0 
cos Int/t, where r is one year) and a constant G 
(G = 0.125). 

The procedure used to compute the bispectra was the 
same as employed by Lii et al!^ and is as follows: 

(i) After removing the mean of each record a cosine 

taper was applied. Each record was then Fourier- 
transformed to give 13 i Fourier coefficients, F(Ajk), 
where Xk = 0Aln 5/, Hn 5t, ... , ISO/nbt, where n = 260 
and 5/= 1 week = 1.3846 (dimensionless), i.e. we com¬ 
puted F(Xk), k= 0, 1,2, , n~ n = 260. Note that by 

symmetry we need to compute F(Ayt) for A: = 0, 1 , ... , 
130. 

(ii) The bispectrum estimate 

6(4, A,) = (2k)- 2 F(Ai) Fih) F*{,h + A/), 

A: = /=0, 1, ... , 130, (A+ /)= 1- 131 

was computed for each record. 

(iii) To reduce the variance we averaged at each 
{Xk, X}) within a square neighbourhood 17 x 17, i.e. for 
the wth record 

_ , Ar +8 /+8 

i=k-s y=/-8 

(iv) To reduce the variance further, we averaged 45 
records to get an estimate 

6,(A„A,) = —^6„(A,,4). 

W=1 

We also computed the variance of the estimates as 
follows. 


(v) Repeat steps (i)-(iv) in the computation of the 
bispectrum estimates for each wth record to get 

(vi) Compute 

1 45 _ 

Var (Afo A/) = ^ X . ^/) - Re 6, (A„ 

m=\ 

and the corresponding variance for the imaginary part. 

(vii) Compute SD(Ai, A/) = [(1/45) Var(Ai, A,)]''- for 
both the real and imaginary parts. This gives the stan¬ 
dard deviation of our estimates. The bispectral density 
can be obtained by dividing the bispectrum by the 
square of the frequency interval. The bispectrum values 
when multiplied by a factor of 129,600 would yield the 
bispectrum density. Since {Xk, Xi) is complex, it is 
convenient to express its real and imaginary parts in 
normalized polar form to obtain the bicoherence 



(j>(Xj^,X/) = tan ^ 


hn{bi{X„Xi)} 

Re{bi{X,,Xj)} 


There are situations in practice where, because of in¬ 
teraction between two harmonic components of a pro¬ 
cess, there is contribution to the power at their sum 
and/or difference frequencies. Such a phenomenon, 
which is due to quadratic nonlinearities, gives rise to 
certain phase relations called quadratic phase coupling. 
It turns out that the power spectrum cannot provide for 
detection and quantification of quadratic phase coupling 
and one has to take recourse to the bispectrum. The 
physical significance of the power spectrum and the bi¬ 
spectrum is that while the former represents the contri¬ 
bution to the mean product of two Fourier components 
whose frequencies are the same, the latter represents 
the contribution to the mean product of three Fourier 
components, where one frequency equals the sum of 
the other two. The above physical significance be¬ 
comes apparent when expressed in terms of the compo¬ 
nents dZ(co) of the Fourier-Stieltjes representation of 
X{k): 


X(k) = 2- f dZ(co) for all k, 
2k J 


where 

£{dZ(o))} = 0, 

fO for CO, ^ cOj, 

E{dZ(o}x) dZ*(o>x)} = <^ 

[27t Pico) dco for co, = cOo = co. 
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Table 3. The ten largest real parts of the bispectrum along with their periods (dim.) for = 0.1. The standard 
deviations of our estimates are also given in brackets, m.. w and y refer to months, weeks and years 


A' 

0.0207; 7.5m, 6.67m 
(0.00013) 

0.0146; 7.5m, 6m 
(0.00018) 

0.0095; 7.5m, 5.45m 
(0.00025) 

0.0056; 7.5m, 5m 
(0.00031) 

T 

0.0026; 7.5m, 4.62m 
(0.00009) 

0.0021; 6.67m, 5.31w 
(0.00008) 


0.0021; 6.67m, 5.42w 
(0.00008) 

T 

0.0021; 6.67m, 5.1w 
(0.00007) 

0.0021; 6.67m, 5.2w 
(0.00007) 


0.0021; 6.67m, 5w 
(0.00007) 

y 

0.0079; 6.67m, 2.1w 
(0.00172) 

0.0078; 6.67m, 2w 
(0.00139) 

0.0076; 6.67m, 2.1w 
(0.0019) 

0.0074; 6.67m, 2.14w 
(0.00153) 

Y 

0.0074; 6.67m, 2.02w 
(0.00176) 

0.0073; 6.67m, 2.28w 
(0.00103) 


0.0072; 6.67m, 2.13w 
(0.0016) 

Y 

0.0072; 6.67m, 2.24w 
(0.00144) 

0.0072; 6m, 2.09w 
(0.00141) 


0.0071; 6.67m, 2.3w 
(0.00097) 

z 

0.0042; 2.24w, 6.67m 
(0.00087) 

0.0041; 2.26w, 6.67m 
(0.00088) 


0.0038; 4.91W, 2.3w 
(0.00056) 

z 

0.0037; 2.32w, 4.91w 
(0.00059) 

0.0036; 2.05W, 2w 
(0.00075) 

0.0036; 2.02w, 2.05w 
(0.00094) 

0.0036; 5w, 2.3w 
(0.00050) 

z 

0.0035; 2.02W, 2.02w 
(0.00115) 

0.0035; 5w, 2.32w 
(0.00053) 


0.0035; 2.36w,4.91w 
(0.00070) 

p 

0.03299; 6.67m, 7.5m 
(0.00338) 

0.02697; 6m, 7.5m 
(0.00328) 

0.01714; 5.45m, 7.5m 
(0.00282) 

0.00943; 7.5m, 5m 
(0.0029) 

p 

0.00454; 4.62m, 7.5m 
(0.00106) 

0.00215; 4.28m, 7.5m 
(0.00030) 


0.00123; 4.62m, 6m 
(0.00014) 

p 

0.00116; 4.62m, 6.67m 
(0.00025) 

0.00113; 4.62m, 5.45m 
(0.00014) 


0.00105; 4m, 7.5m 
(0.00016) 

Q 

0.00497; 7.5m, 7.5m 
(0.00187) 

0.00497; 8.57m, 8.57m 
(0.00189) 


0.00497; 8.57m, 10m 
(0.00189) 

Q 

0.00497; 8.57m, I2m 
(0.00189) 

0.00497; 8.57m, I5m 
(0.00189) 


0.00497; 8.57m, 20m 
(0.00189) 

0 

0.00497; 8.57m, 30m 
(0.00189) 

0.00497; 8.57m, 5y 
(0.00189) 

0.00497; 10m, 10m 
(0.00187) 

0.00497; 10m, 12m 
(0.00189) 


E{dZ{(D{) dZioh) dZ*(ft)3)} = 

0 for cyI H-ty 2 ^ ^35 

b {( 0 \,( 02 y ^^1 ^^2 0 )] + 6)2 - 

where p{(d) and b{(0\, O}) refer to the power spectrum 
and bispectrum and E{ } is the expectation. 

Tables 1 and 2 provide the values of the real and 
imaginary parts of the bispectrum values of X, Y and Z 
for the uncoupled case (a= j3 = 0). The largest 10 bi¬ 
spectrum values (not in absolute magnitude) along with 
the corresponding periods (dimensional) are given. The 
standard deviation of our estimates for the above bispec- 
tral values are also provided within brackets just below 
the bispectral values. It is found that the bispectra for P 
and Q for the uncoupled case are very small (of the or¬ 
der of 10"^) and therefore not presented here. It is obvi¬ 
ous that with /? = 0 the components of low-frequency 
oscillation (P and Q) should exhibit no nonlinearity and, 
consequently, should have zero bispectrum. As seen in 
Tables 1 and 2 the standard deviations of our estimates 
are very much smaller compared to the bispectral val¬ 
ues. The real part of the bispectrum for X has nonlinear 
interaction between the mode with a time scale of 7.5 


months and modes with a time scale of 4-6 months. 
There also seems to be some interaction between modes 
having time scales of 6 and 1 month. We also find that 
the imaginary part of the bispectral values for X is much 
smaller in magnitude compared to the real part. The 
imaginary part of the bispectral values for X has inter¬ 
action between the mode having a time scale of 7.5 
months with that having a time scale of 5-6 months. In 
addition to the above, we find that the mode with a time 
scale of 4 weeks interacts with that having a time scale 
of 2 weeks. The bispectrum values for F, especially the 
real part, seem smaller compared to those of X. How¬ 
ever, we find that for the real part of the bispectrum for 
Y the mode with a time scale of 7.5 months has strong 
interaction with modes having a time scale of around 2 
weeks. The imaginary part of the bispectrum for 7, un¬ 
like that of X, is comparable in magnitude to the real 
part of the spectrum and has interaction between modes 
having time scales of 2 months and 2 weeks. The bispec¬ 
trum values for Z are comparable to those of Y. For the 
real part of the bispectrum for Z the mode with a time 
scale of 2 weeks seems to interact with modes having 
time scales of 3-4 weeks. The imaginary part of the bi- 
spectrum values for Z has interaction between modes 
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Table 4. The ten largest imaginary parts of the bispectral value along with their periods (dim.) for a= j3 = 0.1. 
The standard deviations of our estimates are given in brackets 


A' 

0.00064; 7.5m, 5m 
(0.00031) 

0.00063; 7.5m, 6.67m 
(0.00013) 

0.00059; 7.5m, 5.45m 
(0.00025) 

0.00055; 7.5m, 6m 
(0.00018) 

X 

0.0004; 4.91w, 4.91w 
(0.00005) 

0.00037; 4.81W, 4.91w 
(0.00005) 


0.00035; 4.19W, 4.19w 
(0.00004) 

z 

0.00035; 4.81W, 4.81w 
(0.00005) 

0.00034; 4.19w,4.33w 
(0.00004) 


0.00034; 4.33w, 4.13w 
(0.00004) 

Y 

0.0038; 2.09W, 2.09w 
(0.00093) 

0.0036; 2.09W, 2.08w 
(0.00106) 


0.0036; 5m, 2.09w 
(0.00122) 

Y 

0.0035; 2.08W, 2.08w 
(0.0015) 

0.003; 2w, 5m 
(0.001089) 

0.0031; 2.22w, 5m 
(0.001087) 

0.0031; 2.4m, 2.09w 
(0.001305) 

Y 

0.0031; 5.45m, 2.09m 
(0.00129) 

0.0031; 2.24w, 2.4w 
(0.00124) 


0.003; 2.02W, 5m 
(0.00141) 

Z 

0.0039; 2.36w, 4.91w 
(0.0007) 

0.0039; 2.34w, 6.05w 
(0.00061) 


0.0039; 2.36w,4.81w 
(0.00072) 

Z 

0.0038; 2.34w, 4.9w 
(0.00066) 

0.0037; 2.36w, 6.05w 
(0.00062) 


0.0037; 2.34w, 4.81w 
(0.00068) 

z 

0.0037; 4.8w, 2.3w 
(0.00057) 

0.0036; 2.36w, 5.5w 
(0.00069) 

0.0036; 2.34W, 5.5w 
(0.00067) 

0.0036; 2.3w, 6.05w 
(0.00056) 

p 

0.00903; 7.5m, 7.5m 
(0.02044) 

0.00903; 8.57m, 8.57m 
(0.02067) 


0.00903; 8.57m, lOm 
(0.02067) 

p 

0.00903; 8.57m, i2m 
(0.02067) 

0.00903; 8.57m, 15m 
(0.02067) 


0.00903; 8.57m, 20m 
(0.02067) 

p 

0.00903; 8.57m, 30m 
(0.02067) 

0.00903; 8.57m, 5y 
(0.02067) 

0.00903; 10m, 10m 
(0.02067) 

0.00903; 10m, 12m 
(0.02067) 

Q 

O.OOOl; 6.67m, 6m 
(0.00006) 

0.00006; 6m, 6m 
(0.00004) 

0.00002; 6.67m, 5.45m 
(0.00004) 

0.00001; 5.45m, 6m 
(0.00004) 

Q 

0.00001; 5m, 6m 
(0.000007) 

0.000009; 4.62m, 7.5m 
(O.OOOaOS) 


0.000008; 3.33m, 7.5m 
(0.000005) 

Q 

0.000008; 5.45m, 5.45m 
(0.000009) 

0.000008; 7.5m, 4m 
(0.00001) 


0.000006; 2.3w, 7.5m 
(0.000004) 


with a time scale of 2 weeks and modes having a time 
scale of 3-5 weeks. 

For the coupled case (a = p = 0.1), with G and F re¬ 
maining the same, the bispectral coefficients were de¬ 
termined (Tables 3 and 4). One would expect that the 
introduction of coupling would result in the appearance 
of nonlinear interaction between various modes for P 
and Q. It is found that the real part of the bispectrum for 
P has interaction between the mode having a time scale 
of 7.5 months and modes having a time scale of 4-6 
months. In addition to the above, we find that the mode 
with a time scale of 4 months interacts with the mode 
having a time scale of 5-6 months. The imaginary part 
of the bispectrum for P has values very much smaller 
than the standard deviation estimates and, consequently, 
is unreliable. The bispectrum estimates of Q for the 
coupled case have magnitudes very much smaller com¬ 
pared to P. The real part of the bispectrum for Q has 
interaction between the mode with a time scale 8 months 
and several modes of time scale between 10-60 months. 
The imaginary part of the bispectrum for Q has interac¬ 
tion between the mode with a time scale 6 months and 
modes with a time scale 5-6 months. The bispectrum for 
X for the coupled case is similar in magnitude to that for 


the uncoupled case, except that for the real part of the 
modes having a time scale of 6 months and 5 weeks are 
seen to interact. Also for the imaginary part of X for the 
coupled case the mode with a time scale of 4 weeks is 
found to interact with itself This is at variance with the 
uncoupled case, where the mode with a time scale of 4 
weeks interacted with that having a time scale of 2 
weeks. For the imaginary part of the bispectrum for Y 
for the coupled case, an additional nonlinear interaction 
between the mode having a time scale 5 months with 
that having a time scale of 2 weeks manifests itself. For 
the real part of the bispectrum for Z for the coupled 
case, an additional interaction between the mode having 
a time scale of 2 weeks with that having a time scale of 
6 months manifests itself 

A better way of representing the bispectral values and 
the estimates of the standard deviation was thought of as 
follows. The real and imaginary parts of the bispectral 
values will be depicted by horizontal and vertical ar¬ 
rows, with the length of the arrow indicating the magni¬ 
tude of the bispectra. The corresponding standard 
deviation estimates of the above bispectral values will 
be depicted by error bars which will be vertical for the 
real part and horizontal for the imaginary part. The 
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Figure 1. The real and imaginary parts of the bispectral values 
along with the standard deviation estimates for X for the uncoupled 
casc(a = j3=0) and G = 0.125. 


Figure 3. The real and imaginary parts of the bispectral values 
along with the standard deviation estimates for Z for the uncoupled 
case (or = ^ = 0) and G = 0.125. 
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Figure 2. The real and imaginary parts of the bispectral values 
along with the standard deviation estimates for Y for the uncoupled 
case (a = ^ = 0) and G = 0.125. 


Figure 4. I he real and imaginary parts ol ihc bispectral values 
along with the standard deviation estimates for A' for the coupled 
case (a= )8= 0.1) and G = 0.125. 


magnitude of the estimates of the standard deviation will 
be indicated by the length of the bar. The position of the 
bar coincides with the respective frequency (the corre¬ 
sponding value of the dimensional period is also pro¬ 
vided within brackets) and is always found to be in the 
mid-point of the arrow. Figures 1-3 depict the bispectral 
values and the estimates of the standard deviation for 


the uncoupled case (a=j3 = 0) for X, Y and Z, while 
Figures 4-8 depict the same for the coupled case 
(a=^ p = 0A)forX, F, Z, P and Q. 

We find that the inclusion of the coupling strengths 
has led to the appearance of additional modes of nonlin¬ 
ear interaction in F, Z, P and Q having time scales of the 
order of 4-8 months. The bispectrum for X is more or 
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Ficure 5. The real and imaginar\ parts of the hispeciral values 
alDiig uiili the standard deviation estimates for } lor the coupled 
case (Qr = ^ = 0.1) and G = 0.125. 
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higure 7. The real and imaginar\ parts oT the bispectral values 
along with the standard deviation estimates Ut P for ilu 
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Figure 6. The real and imaginary parts of the bispectral values 
ahmg with the standard deviation estimates for Z for the coupled 
case (a= /3 = 0.1) and G = 0.125. 
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Figure 8. The real and imaginary parts of the bispectral values 
along with the standard deviation estimates for 0 for the coupled 
case (a = ^ = 0.1) and G = 0.125. 


less unaffected by coupling. This seems reasonable as 
the coupling of the higher-frequency oscillation to the 
low-frequency oscillation is assumed to take place 
through the nonzonal components (Y, Z). It is pertinent 
to recall here that the unstable coupled mode found by 
Hirst"^ was profoundly modified by the convergence 
feedback mechanism^^ and that the period of the Hirst 
mode changed from 26 months to ~7-8 months for a 
wavelength of 10,000 km (k = 0.15) and for the strength 
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of convergent feedback qs = 0.95. Also the periods of 
the gravest eastward and westward propagating addi¬ 
tional modes arising due to the convective feedback 
mechanism were^® of the order of 3-4 months for 
^s = 0.95 and A:=0.15. This lends further credence to 
the fact that the above conceptual model does exhibit 
certain important features of the variability in the trop¬ 
ics. The similarity between the results of this study and 
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those of an earlier study^® suggests that the conceptual 
model can indeed serve as a simple coupled ocean- 
atmosphere model with general ocean thermodynamics. 

Krishnamurthy et al.^ have earlier demonstrated that 
the aperiodicity in the interannual variability in the 
tropics is due to the interaction between the low- 
frequency mode and the nonlinear higher-frequency 
modes. In general, aperiodicity arises due to nonlinear 
interaction between more than one modes of the system. 
One way of studying the nonlinear interaction between 
different modes is through the determination of bispec¬ 
trum. The bispectrum of the conceptual model for the 
coupled case (a = /3 = 0 . 1 ) gave rise to additional modes 
with time scales very similar to those found in the ear¬ 
lier study of Selvarajan and Goswami^^, who employed a 
simple coupled ocean-atmosphere system with general 
ocean theromodynamics, in which the atmosphere heat¬ 
ing is determined by sea surface temperature anomalies 
as well as the convergence feedback mechanism. This 


study further establishes the fact that the conceptual 
model does exhibit important characteristics of variabil¬ 
ity of the tropics. 
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Hepatoprotection by Phyllanthus 
amarus and Phyllanthus debilis in 
CCU-induced liver dysfunction 

R. T. Sane, V. V. Kuber, Mary S. Chalissery and 

S. Menon* 

Department of Chemistry, *Department of Biological Sciences, 
Ramnarain Ruia College, Matunga, Bombay 400 019, India 

The present investigation compares the hepatopro- 
tective action of Phyllanthus amarus and Phyllanthus 
debilis in the treatment of liver damage in rats ex¬ 
posed to carbon tetrachloride. The evaluation has 
been carried out using liver function marker en¬ 
zymes in plasma, liver tissue biochemistry supported 
by liver histopathology. The extent of recovery has 
been compared with the natural liver regeneration 
after CCI 4 damage. 

Both the plant species have been found to be effect¬ 
ive in the treatment of liver damage induced by CCI 4 . 
F. debilis has been found to be a better hepatopro- 
tective agent than F. amarus, 

Phyllanthus species form an important part of folklore 
medicines. Almost all species of Phyllanthus found in 
India are used medicinally, especially in the treatment of 
jaundice. No work, however, has been carried out on 
these species to assess their individual potential as liver 
tonic. The two species most commonly found in India 
are Phyllanthus amarus and Phyllanthus fraternus. In 
this communication we report our preliminary findings 
on the efficacy of P. amarus and P. debilis as liver ton¬ 
ics for CCU-induced liver damage in rats. We had ear¬ 


lier reported TLC and UV spectral characteristic of 
these plants^ 

Whole plants of F. amarus and F. debilis were col¬ 
lected from Trichur, carefully segregated and dried at 
45°C for two days and powdered. One sample of each 
species was sent to Raw Material Herbarium and 
Museum, Publication & Information Directorate, New 
Delhi, for authentic confirmation of the identification of 
the species. The voucher numbers assigned to them are 
F. amarus — 1726 and F. debilis - 1728. The plant ma¬ 
terial was powdered and sieved through a sieve (B.S.S, 
mesh no. 85). The sieved plant powder was suspended 
in distilled water (D/W) and administered to rats orally 
in volumes of 2 ml through gavage. The dose of plant 
administered was 0.66 g/kg in each rat. The administra¬ 
tion was done in the morning. The dose of plant slurry 
was ascertained by a pilot study over a range of doses 
varying from 0.165 to 2.64 g/kg. The pilot study was 
carried out using three animals per dose group. In all, 
five dose groups were employed. The drug was adminis¬ 
tered for two days after CCI 4 damage. The dose of CCI 4 
was fixed from published reports. Literature survey 
showed that earlier studies^ had used CCI 4 at a concen¬ 
tration of 0.7 ml/kg as a low-dosage administration for 
inducing reversible liver damage in rats. The results of 
the pilot study (enzyme assays and histopathology) indi¬ 
cated that the animals administered 0.66 g/kg of plant 
slurry showed maximum hepatoprotection. Albino male 
Wistar rats were procured from Haffkine Institute, Parel, 
Bombay. The animals were housed in polyurethane 
cages and were maintained on standard rat pellets 
(12 mm) containing 20-21% crude protein and 4-5% 
ether-soluble fraction. Water was supplied ad libitum. 


CURRENT SCIENCE, VOL. 68, NO. 12, 25 JUNE 1995 


1243 



RESEARCH COMMUNICATIONS 



Figure 1 a—d. a. Liver 3 days after exposure to CCI4. Note the areas showing necrosis ot hepatocytes (lilled arrows), b. Liver 6 da>'S after 
exposure to CCI4. Note the partial recovery of hepatocytes (filled arrows), c. Liver exposed to CCI4 and treated with P. amarus slurry. Note the 
regions showing necrosis of hepatocytes (blank arrows) interspersed with regions ot recovery (filled arrows), r/. Liver exposed to CCI4 and 
treated with P. debilis slurry. Note the large areas of recovery (filled arrows) with comparatively few areas showing necrosis (blank arrows). 


The animals were divided into 5 groups of 6 rats each 
for the present study. 

Group I served as control and was administered 2 ml 
D/W orally for 3 days along with i.p. administration of 
liquid paraffin on the first day. 

Group n animals were treated with CCI4 only. These 
rats were administered 2 ml D/W orally for 3 days along 
with i.p. administration of CCI4 (0.7 ml/kg) in liquid 
paraffin, only on the first day. 

Group III animals were administered P. amarus slurry 
( 0.66 g/kg) orally along with i.p. CCI 4 (0.7 ml/kg) on the 
first day and only P. amarus slurry (0.66 g/kg) on suc¬ 
cessive days. 

Group IV animals were administered P. debilis slurry 
(0.66 g/kg) orally along with i.p. CCI 4 on the first day 
and only P. debilis on successive days. 

Group V animals were treated with CCI 4 only. These 
rats were administered 2 ml D/W orally along with i.p. 
administration of CCI 4 (0.7 ml/kg) in liquid paraffin on 
the first day. On remaining days the animals were ad¬ 
ministered only 2 ml D/W orally. These animals served 


as recovery group. All animals were sacrificed on day 4 
(72 h after CCI4 administration) except group V, which 
was sacrificed on day 7 (six days after CCI 4 treatment). 

During sacrifice, blood was collected under light ether 
anaesthesia by cardiac puncture. Enzyme analysis was 
carried out in plasma. Liver was excised out of animal, 
rinsed in saline, blotted and weighed. Group V animals 
were sacrifled on the seventh day after a recovery period 
of 6 days subsequent to the CCI4 administration. Micro¬ 
scopic examinations on liver were carried out to support 
the enzymological observations. A part of the liver was 
preserved in neutral buffered formalin for histopa- 
thological studies. Tissues fixed in neutral formalin 
were dehydrated in alcohol, cleared and embedded in 
paraffin wax. Seven-micron sections' were cut and 
stained with hemotoxylin and eosin. The rest of the liver 
after fixation for histopathology was processed for tis¬ 
sue biochemistry. DNA was analysed by the method 
of Burton , and RNA was analysed by the method of 
Ceriotti . Plasma enzyme glutamate pyruvate trans¬ 
aminase (GPT) and glutamate oxaloacetate transaminase 
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Table 1. Plasma assays 



I 

II 

III 

IV 

V 

Group 

parameters 

Units 

Liq. paraffin 
control 

CCI4 

control (3 days) 

P. amarus 

P. debilis 

CCU 

control (6 days) 

GPT 

GOT 

AlkP 

Cholesterol 

Units/1 39.20 ±4.21 

Units/I 77.60 ±21.04 

K.A. units 22.20 ± 2.30 

mg/dl 33.60 ±1.34 

85.20 ± 10.03*** 
249.80 ±24.71*** 
34.24 ±4.32*** 
55.54 ±6.56*** 

56.20 ±4.49*** 
205.40 ±21.92*** 
33.24 ±2.005*** 
35.80 ±5.37 

40.00 ± 10.45 
171.40±26.54*** 
27.38 ±2.94* 
44.25 ±4.34*** 

57.60 ± 1.14** 
138.40 ± 10.64** 

24.60 ±2.79 

53.80 ±5.93** 

All values represent mean ± S.D. of 6 animals. 

Differences which are significant are marked as follows: *P < 0.01, **P < 0.002, < 0.001. 






Table!. Tissue biochemistry 



Parameters 

Units 

I 

II 

III 

IV 

V 

DNA 

RNA 

mg/g 

mg/g 

5.29 ± 0.81 

118.74 ± 10.56* 

5.576 ±0.99 

72.522 ±0.7282* 

5.13510.59 

77.878 ±4.67* 

5.389 + 0.50 

85.302 ±6.23* 

5.456 ±0.86 

103.59 ± 17.60* 


AH values represent mean ± S.D. of 6 animals. 
0 . 001 . 


(GOT) were analysed according to the method of Reit- 
man and Frankel^ and alkaline phosphatase (AlkP) was 
analysed according to the method of King and Arm¬ 
strong^. The plasma cholesterol was estimated by the 
method of Zaltakis et al^. The data from the groups 
were evaluated by ANOVA, and Group I was compared 
with the rest of the groups using Student’s t test. 

The results in Table 1 show that CCU increases sig¬ 
nificantly the levels of GOT, GPT, AlkP and cholesterol 
in plasma. The results of group V indicate that the levels 
do not regain the control values after a recovery period 
of 6 days. There is a significant fall in liver RNA levels 
of the animals treated with CCI4 alone. The RNA levels 
regain near control values after a natural recovery pe¬ 
riod of 6 days. The effects of CCI4 have been effectively 
moderated by the administration of plant extracts, as is 
evident from the results of groups III and IV animals. 
The plasma parameters of the animals were less differ¬ 
ent from the control animals. Histopathological obser¬ 
vations on the liver of CCU-treated animals revealed 
characteristic centrilobular necrosis indicated by signifi¬ 
cant number of swollen hepatocytes (Figure 1 a). In the 
liver of groups III and IV animals, the extent of necrosis 
was significantly less compared to groups II and V ani¬ 
mals. In animals treated with P. amarus slurry hepato¬ 
cytes with dense cytoplasm were visible in periportal 
areas (Figure 1 c) while in animals treated with P. de- 
bilis hepatocytes with dense cytoplasm were distributed 
uniformly (Figure 1 J). This indicates localized regen¬ 
eration induced by P. amarus slurry after CCI4 damage, 
whereas the regeneration is uniform after administration 
of P. debilis slurry. The liver histology of the animals 
administered this slurry shows less effect of CCI4 than 
that of animals which underwent a recovery period of 6 
days after CCI4 exposure (Figure 1 b). 


Numerous studies have clearly shown that CCI4 causes 
hepatic injury. The structural, functional and composi¬ 
tional effects of CCI4 as a liver toxin are available in 
detail^. The metabolism of CCI4 releases CCI3 free radi¬ 
cal, which initiates peroxidation and cleavage of fatty 
acids in the membranes^’In the present study CCI4 has 
been used as the model hepatic toxicant to investigate 
the efficacy of two plant slurries in the treatment 
of liver dysfunction. Alteration of serum enzyme 
levels can be monitored to evaluate the hepatocellular 
damage caused by various foreign compounds^^"’^. In 
this investigation plasma GOT, GPT and AlkP have 
been estimated to evaluate the hepatic damage. Liver 
RNA and DNA levels have also been estimated to assess 
the toxicant-induced changes in protein synthesis. Car¬ 
bon tetrachloride causes a marked elevation in the 
transaminases^"^. The results of groups HI and IV ani¬ 
mals suggest that both plant species can control the in¬ 
crease in plasma GOT, GPT, AlkP and cholesterol 
levels to a considerable extent. Comparison of enzyme 
levels of groups III, IV and V indicated that in group V 
animals the plasma enzymes regained levels close to 
those of control animals, after 6 days of recovery, 
whereas the enzyme levels in groups III and IV reached 
close to control levels within 2 days after CCI4 adminis¬ 
tration. The earlier recovery of enzyme levels seen in 
animals administered plant slurries as compared to ani¬ 
mals undergoing natural recovery clearly suggests sig¬ 
nificant hepatoprotective action of the plant slurries. It 
is reported that peak changes in plasma enzymes are 
noticed at 24 h after CCI4 administration but complete 
recovery is slow and takes about 14 days^^. Observa¬ 
tions on animals of groups III and IV provide a com¬ 
parative account of the hepatoprotective action by both 
the plant species. Animals treated with P. debilis slurry 
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show enzyme levels closer to the control levels than 
animals treated with P. amarns slurry. This indicates 
a better regulatory effect of P. debilis slurry over P. 
amarus slurry in the moderation of hepatic damage due 
to CCI4. It is reported that galactosamine, a hepatotoxi- 
cant, causes reduction in liver RNA and protein synthe¬ 
sis^^. In the present study no significant changes have 
been recorded in the liver DNA levels after CCI4 treat¬ 
ment. Hepatic RNA levels, however, reduced signifi¬ 
cantly after CCI4 administration. Observations of groups 
III and IV animals indicate that the slurry of P. debilis 
moderates significantly the CCU-induced fall in liver 
RNA levels. The recovery of RNA level is, however, 
more in group V animals. In histopathological observa¬ 
tions cellular regeneration was evident in animals 
treated with P. debilis slurry and also in animals treated 
with P. amarus slurry. The liver of animals administered 
with P. debilis slurry showed regenerating hepatocytes 
both in centrilobular and periportal areas, whereas in 
animals treated with P. amarus slurry the regeneration 
was localized to periportal areas only, where the cells 
showed dense cytoplasm. This further suggests that the 
liver of rats treated with P. debilis slurry showed more 
areas with regenerating hepatocytes compared to rats 
treated with P. amarus, after CCU-induced damage. The 
histoarchitecture of the liver of rats administered plant 
slurries is closer to that of control animals than of ani¬ 
mals which underwent 6 days of recovery after CCI4 
treatment. It has been observed that removal of necrotic 
debris starts by 48 h after CCI4 administration and is 
usually complete by one week^^. 

Many compounds cited in the literature exhibit liver 
protection against CCI4 either by decreasing the produc¬ 
tion of CCI 3 free radical^^ or by impairment of CCU- 
induced lipid peroxidation^^’^^. The improved histology 
of liver as seen in hisiopathological observations on 
animals treated with plant slurries as compared to that 
seen in animals administered only CCU indicates the 
possibility of both these plant slurries being able to in¬ 
duce accelerated regeneration of liver cells, reducing the 
leakage of GPT, GOT and AlkP into the blood. Serum 
transaminase returns to normal with the healing of liver 
parenchyma and regeneration of liver cells^^. Though 
both plant species are being used in traditional medi¬ 
cines for the treatment of liver disorders, the present 
investigation provides adequate evidence to the view 
that P. debilis is a better hepatotonic than P. amarus. 
Further toxicological and pharmacokinetic studies are 
needed to substantiate this distinction in the action of 
the two species so as to suggest the dosage for a treat¬ 
ment regimen. Some of these studies have already been 
initiated. 
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Increase in size of the gland is not 
always associated with increased 
secretion: An evidence from the larval 
salivary glands of Drosophila 

N. Shivanna and S. R. Ramesh 

Department of Studies in Zoology, University of Mysore, Manasa- 
gangotri, Mysore 570 006, India 

The quantity of the larval salivary gland secretions 
(glue proteins) in relation to the gland size was ana¬ 
lysed in 15 species of Drosophila, Such an analysis 
revealed that in most of the species, the gland size 
variation was due to hypertrophy and not hyperpla¬ 
sia and the quantity of glue synthesized is double 
compared to that in D. melanogaster. Further, it is 
evident that the quantity of secretions synthesized is 
independent of the size of the salivary glands. 

A tissue-specific protein called the glue protein is syn¬ 
thesized by the larval salivary gland cells of Droso¬ 
phila^. This protein, which is synthesized from the late 
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second instar stage onwards^, is stored in the form of 
secretory granules or vacuoles in the glandular cells and 
secreted into the gland lumen and later extruded to the 
exterior shortly before puparium formation^"^. The sali¬ 
vary gland secretion is said to be involved in cementing 
the puparium to a solid surface^”^®. Electrophoretic 
analysis of glue proteins in different species of Droso¬ 
phila has provided knovdedge with regard to the extent 
of its ontogenetic, intraspecific and interspecific varia¬ 
tions in nature and patternsDuring our investiga¬ 
tions on glue proteins, we found that the salivary glands 
in the third instar larvae of different species of Droso¬ 
phila vary in size. Enlargement of the gland is associ¬ 
ated with increased secretory activity^^. 

Preliminary investigations on the quantitative varia¬ 
tion of this protein in D, melanogaster"^^ and in a few 
other species of Drosophila^^ have revealed that it is 
produced in varying amounts. In view of this, the pres¬ 
ent investigations were undertaken on 15 species of 
Drosophila belonging to three taxonomically different 
groups to determine whether there is any relationship 
between the size of the larval salivary glands and the 
quantity of glue protein synthesized and to analyse the 
extent of intragroup, intergroup and interspecific differ¬ 
ences in the glue protein production, if any. 

Table 1 gives the list of Drosophila species used in 
the present study. To maintain uniformity with regard to 


the density and age of the larvae, 50 eggs collected by 
modified Delcour technique were transferred to the cul¬ 
ture vials (7.5 X 2.5 cm) containing equal quantities of 
wheat cream agar medium. After the larvae hatched out, 
extra yeast was added every alternate day (50 )il/vial) for 
feeding them and to maintain moisture in the cultures. The 
cultures were raised at a constant temperature of 22 ± 1°C. 

To determine the number of cells present in the sali¬ 
vary glands, the third instar larvae were dissected in 
medium to isolate the glands. The glands were 

briefly fixed in 1 N HCl and later transferred to 2% 
lactoacetoorcein stain. After 5 min, the glands were 
placed on a clean slide and gentle pressure was applied 
on them through the cover glass placed on the glands to 
facilitate the spreading of cells. Since the larval salivary 
gland cells of Drosophila are uninucleate, the number of 
nuclei in the glandular region were counted under low- 
magnification using a binocular research microscope to 
determine the number of cells constituting the salivary 
glands. Ocular and stage micrometers were used to 
measure the length and breadth of the salivary glands of 
the late third instar larvae. The glands in which the se¬ 
cretions had not yet poured into the lumen of the gland 
were taken for making the measurements. The ‘length’ 
includes the measurement from the end of the glands up 
to the glandular duct and the ‘breadth’ includes the 
measurement at the centre of the lobe. 


Table 1. Relationship between the size, no. of cells and the quantity of secretion proteins (glue proteins) of salivary glands in 

different species of Drosophila 


Species 

Size of glands' 

No. of cells" 

Percentage glue^ 

D. melanogaster group 
melanogaster subgroup 

D. melanogaster 

0.425 

129.9 ±2.06 

28.57 ± 1.66 

D. simulans 

0.375 

129.0 ± 1.97 

55.55 ± 1.88 

D. mauritiana 

0.450 

129.9 ± 1.55 

60.00 ± 1.67 

D. yakuba 

0.375 

146.0 ±2.06 

55.55 ± 1.44 

anonassae subgroup 

D. ananassae 

0.300 

128.9± 1.6 

48.15 ±2.24 

Suzuki subgroup 

D. rajasekari 

0.450 

131.8± 1.03 

— 

D. repleta group 
hydei subgroup 

D. hydei 

1.250 

163.8 ± 1.89* 

35.40 ± 1.41 

D. immigrans group 
immigrans subgroup 

D. immigrans 

1.800 

130.1 ± 1.17 

62.82 ± 1.70 

hypocausta subgroup 

D. rubida 

2.100 

130.0 ± 1.45 

60.00 ±0.65 

D. pararubida 

1.960 

130.0 ± 1.29 

57.50 ±0.91 

nasuta subgroup 

D. nasuta nasuta 

0.726 

129.4 ± 1.03 

58.06± 1.21 

D. n. albomicans 

0.840 

130.7 + 0.94 

60.00 ± 1.45 

D. n. kepulauana 

0.720 

128.1 ± 1.15 

59.37 ± 1.08 

D. s. sulfurigaster 

0.736 

129.6± 1.17 

56.25 ± 1.21 

D. s. neonasuta 

0.600 

130.0 ± 1.33 

55.17± 1.59 


'The average size of a single lobe of a salivary gland in mm^ {n = 20). 

^The average number of cells in a single lobe of a salivary gland {n = 20). 

^Relationship between the total gland proteins (including the glue plugs) and only the secretory proteins. 
*Statisticany significant at 5% level. 
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For the determination of the quantity of glue proteins, 
the larvae which were about to pupate were selected and 
two kinds of samples were prepared following the pro¬ 
cedure described by Ramesh and Kalisch^: (i) the secre¬ 
tion along with the gland tissue and (ii) only the 
secreted glue, which was isolated by dissecting the 
glandular cells from 95%-ethanol-fixed bloated salivary 
glands of the late third instar larvae using a pair of ex¬ 
tra-fine needles. The quantity of protein was determined 
by micromethods^^ with bovine serum albumin (BSA) as 
the standard. The difference in the protein quantity be¬ 
tween the two kinds of samples provides the amount of 
glue produced; therefrom the percentage of protein 
constituting the secretion was calculated. 

Table 1 shows the species of Drosophila used in the 
present study, the data on the size of the larval salivary 
glands (length x breadth), the number of cells present in 
the glands and the percentage of glue proteins synthe¬ 
sized. 

The increase in the size of an organ may occur either 
due to hyperplasia and/or hypertrophy^^. Perusal of 
Table 1 reveals that among the species analysed, the size 
of the larval salivary glands ranges from a maximum of 
2.1 mm“ in D. rubida to a minimum of 0.3 mm“ in the 
case of D. ananassae. The larval salivary glands of Dro¬ 
sophila, which develop from the lateral discs of the de¬ 
veloping embryo, consist of a limited number of cells 
and the growth of these glands occurs due to an increase 
in the cell volumes of both duct and glandular celis\ 
Perusal of the literature reveals that the larval salivary 
glands in D. melanogaster^ as well as in D. hydei, D. 
subobscura and D. simulans^^'^^ consist of an average 
of 128 cells/lobe. From the present analysis (Table 1) it 
is evident that, though there is a lot of variation in the 
size of the glands, the number of cells constituting the 
glandular part of the salivary glands in different species 
of Drosophila do not vary significantly except in the 
case of D. hydei. The number of cells were found to be 
highest in D. hydei, being 163 ± 1.89/lobe, While in all 
other species the number of cells/lobe ranges from 
128 ± 1.5 to 130.7 ± 0.94, the glands of D. yakuba have 
146 ±2.06 cells/lobe. 

Interspecific comparisons of the variation in the num¬ 
ber of cells in the salivary glands were made. Such an 
analysis revealed that except for the comparison made 
between D. hydei and D. yakuba, the extent of variation 
in D. hydei when compared to all the other species is 
statistically significant at 5% level (Student’s t test). 
The present investigations reveal that the number of 
cells per lobe in the case of D. hydei is higher than the 
one reported earlier^^ Further, all other specieswise 
comparisons made by application of Student’s /-test re¬ 
vealed that the variation in cell number is statistically 
insignificant. Differences in culture conditions and 
genotype may influence the final cell number in the sali¬ 
vary glands“^’ In the present study though the larvae 


of different species of Drosophila are raised under uni¬ 
form conditions of temperature, humidity, food and lar¬ 
val density, their salivary glands attain different sizes 
before they pupate. This variation in the size of the sali¬ 
vary glands in the case of D. hydei could partly be due 
to increase in cell number. In the other species under 
study, it is evident that increase in the size of the sali¬ 
vary glands is due to increase in cell volume and not due 
to increase in cell number, since the variation in cell 
number is statistically insignificant (see Table 1). A 
similar situation wherein the growth of the salivary 
glands is found to be the result of hypertrophy and not 
hyperplasia has been reported in Chironomus^^, 

Perusal of the literature reveals that the increase in the 
size of the glands is associated with increased secretions 
of the respective hormones/proteinsAmong the spe¬ 
cies which belong to melanogaster group (Table 1), it is 
observed that the quantity of glue protein synthesized is 
minimum in D. melanogaster, constituting 28.57% of 
the total protein content of the salivary gland. The 
amount of secretions synthesized by the larval salivary 
glands of its closely related species“^’^^, namely D. 
simulans, D. mauritiana and D. yakuba, is double of 
that in D. melanogaster, though the gland size in D. 
simulans and D. yakuba is smaller and in D. mauritiana 
slightly larger. While D. ananassae, which also belongs 
to the melanogaster species group, possesses salivary 
glands which are the smallest among all the other spe¬ 
cies analysed, it synthesizes glue proteins that constitute 
48.15% of the total salivary gland proteins. Such quanti¬ 
tative estimations in the case of D. rajasekari could not 
be made because even with a variety of protein- 
precipitating agents the secretions of salivary glands 
could not be obtained as plugs. 

The species D. n. nasuta, D. n. albomicans, D. n. 
kepulauana, D. s. sulfurigaster, D. s. neonasuta, D. 
immigrans, D. rubida and D. pararubida included in the 
present study belong to the immigrans group^^. Among 
these, the maximum quantity of glue (62.82%) was seen 
to be synthesized in the case of D. immigrans and mini¬ 
mum in the case of D. s. neonasuta (55.17%). Though 
the salivary glands of D. immigrans, D. rubida and D. 
pararubida are 2-3 times larger than those of the nasuta 
subgroup species and 4-5 times larger than those of D. 
simulans, D. mauritiana and D. yakuba of the melano¬ 
gaster group, the proportion of glue produced is almost 
the same. The amount of glue synthesized by the larval 
salivary glands of species belonging to the immigrans 
group is double compared to that in D. melanogaster. In 
contrast, the secretions constitute only 35.4% in the case 
of D. hydei {repleta group) in spite of the fact that the 
number of cells constituting the glandular part of the 
salivary glands is significantly higher and is more than 
one-and-a-half times larger than that of the nasuta sub¬ 
group species, and three times larger in gland size than 
melanogaster species group. Further, our results on the 
quantity of glue proteins in D. melanogaster, D. hydei. 
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Figure 1. Percentage of glue protein in the late third instar larvae of 
different species of Drosophila in relation to the size {L x B) of lar¬ 
val salivary glands. 1, D. melanogaster\ 2, D. simulans; 3, D. mau- 
ritiana; 4, D. yakuba\ 5, D. ananassae; 6, D. hydei\ 7, D. n. nasuta\ 
8, D. n. albomicans\ 9, D. n. kepulauana; 10, D. s. neonasuta\ 11, 
D. s. sulfurigaster\ 12, D. immigrans; 13, D. rubida\ 14, D. pararu- 
bida. 


D. n. nasuta and D. n. albomicans are similar to the 
ones reported earlier"^’ 

From the results of the present investigations it is 
clear that the quantity of glue protein synthesized in 
different species varies. Except in the case of D. hydei 
and D. ananassae, in all the other species analysed the 
proportion of glue protein produced is double or more 
compared to that in D. melanogaster. Though the sali¬ 
vary glands of D. hydei have more number of cells and 
larger size, it produces around half the quantity of glue 
compared to the other species. D. yakuba produces the 
same proportion of glue proteins as in most of the spe¬ 
cies though the number of cells in the glands is slightly 
higher. 

The coefficient of correlation analysis (r = 0.3) 
revealed that the increased size of the glands has no cor¬ 
respondence with the quantity of glue protein produc¬ 
tion, which means that the increase in size of the 
salivary glands is not always associated with increase in 
secretions. The correlation plots made between the per¬ 
centage of glue produced and the size of the larval sali¬ 
vary glands fall into two clusters. D. melanogaster and 
D. hydei do not belong to any one of the clusters 
(Figure 1). The regulatory elements/factors with differ¬ 
ent specificities could account for the differential syn¬ 
thesis of glue proteins in various species of Drosophila. 
The importance of the increased quantities of glue pro¬ 


tein synthesis in species other than D. melanogaster and 
D. hydei is being investigated. 
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Determinants of fertility in rural 
Karnataka 

R. L. Patil 

Population Research Centre, JSS Institute of Economic Research, 
Vidyagiri, Dharwad 580 004, India 

The present analysis is based on the data collected in 
the baseline survey conducted in the rural areas of 
Karnataka state in South India in 1993. As many as 
3987 currently married women in the age group of 
15~44 were interviewed and information on their 
fertility and family size desires were collected. The 
study of determinants of fertility assumes great sig¬ 
nificance as rapid socioeconomic changes are taking 
place in the country. The determinants of fertility 
are, therefore, expected to reflect these ongoing 
changes in the demographic behaviour of the popu¬ 
lation. The analysis shows that female education has 
emerged as an important social variable that can 
bring desired changes in the levels of fertility. The 
analysis also reveals that there is an important sec¬ 
tion of women who do not desire additional children 
but were found to be pregnant at the time of survey; 
this reflects the inadequacy of family planning ser¬ 
vices. Age is the most important variable which con¬ 
tinues to exert positive influence on the desired fam¬ 
ily size (DFS). This calls for a well-integrated 
reproductive health programme so as to motivate 
young mothers to practise family planning. 

Many attempts have been made to alter the course of 
fertility through family planning (FP) intervention, but 
still it has not made considerable impact in reducing 
fertility to the desirable level. The availability of FP 
services no doubt facilitates birth control for those who 
desire to use it. However, such exogenous interventions 
would provide limited impact on fertility unless indige¬ 
nous culture and socioeconomic system reinforce small 
family goals through changes in the values and attitudes, 
institutional structure and sociocultural milieu of the 
population. In order to create an average social pattern 
of behaviour so as to achieve the desirable level of fer¬ 
tility, the fertility of Indian couples of different social 
and economic strata has been subjected to meticulous 
investigation. We have a plethora of studies of differen¬ 
tial fertility by socioeconomic factors in recent times. 
These studies have succeeded in pointing out some of 
the socioeconomic determinants of fertility. Conse¬ 
quently, socioeconomic variables have been repeatedly 
used in the literature to estimate the desired family 
size^“^. 

The data utilized for this study were collected as part 
of the baseline Health and Family Welfare Survey^ con¬ 
ducted by the JSS Institute of Economic Research 
in 1993 in rural areas of Belgaum district of Karnataka 
state. The survey was conducted in two Tahsils of 


Belgaum district. The sample of villages were selected 
using PPS (probability proportional to size) design em¬ 
ploying the 1991 census list of villages as the sample 
frame. A total of 75 village communities were selected, 
and from each village 40 households were selected at 
random. The objective of the main survey was to pro¬ 
vide baseline information on fertility and family plan¬ 
ning aspects. The main objective of this paper is to 
investigate the socioeconomic determinants of fertility 
in rural Karnataka. The analysis is restricted to currently 
married women. 

As a prelude to our efforts to understand the determi¬ 
nants of fertility, we have briefly discussed the fertility 
patterns and family size desires in the survey region. It 
is seen from Table 1 that the total fertility rate, the aver¬ 
age number of children that would be born to a woman 
in the reproductive age of 15-44 was 3.19. Thus, under 
the present schedule of fertility and assuming that there 
is no mortality, a woman would have on an average one 
child more than required for replacement level. The age 
pattern of fertility shows a peak in the age group of 20- 
24 years. It is interesting to note that the contribution of 
older women of 30 and above years was just 17%. 

The estimates of cohort fertility, the number of child¬ 
ren born and living to women of different ages, show 
that the number of children born was 2.83 and those 
surviving was 2.45. The cohort data suggest that fertility 
at higher ages of 30 and over was quite high in the past. 
On an average, a woman had nearly 4 children by age 
30, 4.57 by age 35 and 5.31 before completing the re¬ 
productive life. 


Table 1. Age-specific fertility rate (ASFR) and cohort fertility 
estimates 


Age 

ASFR 

Children 
ever born 

Children 

living 

15-19 

0.141 

0.70 

0.60 

20-24 

0.237 

2.10 

1.88 

25-29 

0.154 

3.28 

2.93 

30-34 

0.057 

3.98 

3.45 

35-39 

0.041 

4.57 

3.88 

40-44 

0.007 

5.31 

4.41 

15-44 

3.19 

2.83 

2.45 


Table 2. Percentage distribution of currently married women by 
desire for additional children and family size 

Age 

Mean number 
of living 
children 

Additional 

children 

desired 

Total 

children 

desired 

15-19 

0.60 

2.21 

2.81 

20-24 

1.88 

1.18 

3.06 

25-29 

2.93 

0.60 

3.53 

30-34 

3.45 

0.30 

3.75 

35-39 

3.88 

0.26 

4.14 

40-44 

4.41 

0.01 

4.42 

15-44 

2.45 

0.99 

3.44 
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A comparison of current fertility with the completed 
family size shows that there has been substantial decline 
in the current level of fertility in the region compared to 
the fertility of older women. 

In Table 2 we have analysed the future fertility desires 
by age and according to their mean number of living 
children, by additional children and total children de¬ 
sired. It is seen from the table that the total family size 
desired was 3.44. It is interesting to note that family size 
desired by older women of 35-39 and 40-44 ages was 
4.10 and 4.33, respectively, and the corresponding fig¬ 
ures for younger women of 20-24 and 25-29 was 3.0 
and 3.5. The data thus suggest that the desired family 
size has been declining among the younger women com¬ 
pared to older ones. 

The statistical model proposed in this article describes 
the desired complete family size (DFS) as a function of 
several socioeconomic and demographic variables. Ex¬ 
cept for two variables, age and religion, the model in¬ 
cludes variables which determine the demand for 
children as suggested in microeconomic theories of fer- 
tility"^’"*. 

The model can be described as follows: 

D = 6/ H- X /■ + ei 

where D = desired complete family size, / = 1-8, 
A"! = wife's education, A2 = wife’s occupation, 
X3 = husband’s education, X4 = husband’s occupation, 
A"5= wife’s religion, Xb = household land ownership, 
XI = consumer durables owned by the household, 
XS = wife’s age, Bi's are the regression coefficients and 
e/’s are the error terms. 

The variable D is constructed by adding the 
total number of surviving children to the number of 
additional children desired at the time of baseline sur¬ 
vey. As regards acceptors of sterilization, their present 
surviving children were taken as their desired family 
size. All the respondents have provided numeric 
answers. 

As the data on education do not make a continuous 
variable with completed years of schooling, the variable 
X] has been treated as a two-category variable; unity if 
the wife had attended school, and zero otherwise. Prima 
facie the data had indicated that a large majority of the 
wives were illiterate. X3 was treated analogous to wife’s 
education. 

Xl and X4 were also treated as two-category variables 
coded as unity if the wufe/husband had engaged in paid 
employment, and zero otherwise. 

X5 is a two-category variable coded as unity if a 
woman is Muslim, and zero otherwise. 

X6 was considered as a continuous variable measuring 
the amount of agricultural land owned by the household, 
while Xl as a two-category variable coded as unity if the 
household is electrified, owns a bicycle, a radio and a 
wrist watch, and zero otherwise. 

CURRENT SCIENCE, VOL. 68, NO. 12, 25 JUNE 1995 


The mean values, standard deviations and hypothe¬ 
sized direction of relationship are presented in Table 3. 
In general, it is expected that the DFS will be lower 
among women who have better socioeconomic status as 
measured by education, occupation, ownership of agri¬ 
cultural land and household durables. The results show 
that only 28% of wives were literate as against 57% of 
husbands. The mean age of the respondents was 27 
years and 7.6% of them were Muslims. Only 47% of 
wives in contrast to 97% of husbands were gainfully 
employed. The households owned on an average 7 acres 
of land. Out of 4 consumer durables chosen as indicators 
of economic status of the household, the mean number 
of durables owned was found to be 2.4. 

Table 4 presents the zero-border correlation coeffi¬ 
cients between dependent and each of the independent 
variables. The correlation coefficients between depend¬ 
ent and each of the independent variables suggest that at 
bivariate level except for the age of wife, wife’s educa¬ 
tion and wife’s occupation the other predictors are not 
related to DFS. Among the independent variables corre¬ 
lations are generally low. Husband’s education is highly 
correlated with wife’s education. It is seen that out of 28 
correlation coefficients of independent variables 16 
have values less than or equal to 0.10, which suggests a 
low degree of multicollinearity. 

The results of multiple regression analysis presented 
in Table 5 include standardized regression coefficients 
along with their rank order and the adjusted /?“ multiple 
regression coefficient. The results show that age has the 
largest standardized regression coefficient and hence the 
highest relative importance in predicting DFS. Wife’s 
education has the second highest value followed by hus¬ 
band’s and wife’s occupation and wife’s religion. 

Findings suggest that in the full sample approximately 
40% of the variation is jointly explained by the predic¬ 
tors in the proposed statistical model. The hypothesized 
relationship between DFS and each of the predictors 
shows that it does not hold good with regard to wife’s 
occupation, husband’s occupation and ownership of land 
by the household. Contrary to our expectation, the occu¬ 
pation of both husband and wife and ownership of land 
has positive effect on DFS. Although the household 
durables have the hypothesized sign, the relationship is 
not statistically significant. 

Several empirical studies have shown that higher edu¬ 
cation tends to lower fertility^’Therefore, it is reason¬ 
able to expect that female education would have 
negative effect on fertility. In our sample wife’s educa¬ 
tion has significant negative relationship with DFS while 
the relationship of education of husband is in the ex¬ 
pected direction but not statistically significant. It is 
further seen that wife and husband’s employment has 
fertility-increasing effects. In rural areas the wife would 
be working in the agricultural sector and in most cases 
the nature of her employment does not compete with 
child bearing. The results also suggest that the DFS is 
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very marginally higher among Muslim women than 
among their Hindu counterparts. It is observed that 
when the effects of other predictors are taken into con¬ 
sideration, DFS of Muslim women was found to be 
slightly higher by 0.03 children than Hindu women. This 
finding is in conformity with other empirical studies, 
especially in the Indian context which have shown that 
Muslim fertility has all along been higher than in other 
religious denominations. 

Contrary to our expectation, the direction of relation¬ 
ship between ownership of agricultural cultivable land 
has a negative relationship although the relationship is 
not statistically significant. This marks an important 
departure from the findings of other studies^^, which 
showed that the relationship was positive. The owner¬ 
ship of household durables like wrist watch, bicycle, 
radio and electrification of the house has as expected 
negative relationship on DFS although the relationship 
is not statistically significant. 

Table 5 also presents the results for two age cohorts 
separately. It is seen that the prediction power of the 
fitted equation has declined considerably, specially for 
older-age cohorts. The equation explains nearly 30% 
variation in the younger age cohorts while it was as low 
as 5% in respect of older age cohorts. In the younger 
age cohorts wife’s and husband’s education has very 
significant negative relationship, but virtually no such 
effect was found in the older-age cohorts. 

It is interesting to note that wife’s education and own¬ 
ership of cultivable land continue to have negative rela¬ 
tionship even in the older-age cohorts. However, wife’s 


Table 3. Mean and standard deviation of the variables employed in 
multiple regression analysis 


Hypothesized 


Standard 

Variable 

sign 

Mean 

deviation 

Wife’s education {XI) 

(-) 

0.2841 

0.4511 

Wife’s occupation {X2) 

(-) 

0.476 

0.4995 

Husband’ education (JG) 

(-) 

0.5692 

0.4953 

Husband’ occupation {XA) 

(-) 

0.9737 

0.161 

Religion {X5) 

(+) 

0.0763 

0.2655 

Land ownership {X6) 

(+) 

7.142 

13.486 

Household durables (Xl) 

(-) 

2.4487 

1.3635 

Respondent’s age (A'S) 

(+) 

27.846 

7.7409 


Number of case; 3987. 


age continues to show consistently significant positive 
relationship in both the age cohorts. 

In this section the consistency between the DFS ex¬ 
pressed at the time of baseline survey and the actual 
fertility behaviour of the respondents is analysed on the 
basis of the incidence of current pregnancy. If the 
woman has surviving children more or equal to DFS, 
and if she was pregnant at the time of survey then it is 
considered as a pregnancy not desired. Utilizing the in¬ 
formation at the time of baseline survey, the respondents 
are classified into two groups: 

1. DFS > number of living children (LC). 

2. DFS = LC. 

As DFS is constructed by adding the number of addi¬ 
tional children desired at the time of baseline survey to 
the number of living children, it cannot be smaller than 
LC. Therefore, the respondents are classified into two 
groups only, viz. DFS > LC and DFS = LC. In addition, 
the respondents are also grouped according to age co¬ 
horts. The younger-age cohorts include women under 
age 30 and the older age cohorts include women 30 
years and above. Table 6 presents the distribution of 
respondent according to DFS classification, age cohort, 
and information on the current pregnancy status at the 
time of survey. 

The results suggest that in the DFS > LC category ap¬ 
proximately 11% of the respondents were pregnant at 
the time of survey. As expected, the respondents in the 
younger-age cohort have higher pregnancy rate (15%) 
compared to older-age cohort (2.5%). The data suggest 
that the chances of pregnancy among the younger-age 
cohort are much higher than among the older-age co¬ 
hort. However, it may be noted that even among the 
younger-age cohort the 15% incidence of pregnancy is 
not too high. In the second group, where DFS = LC, 
over 20% of the respondents were pregnant at the time 
of survey. By and large the data suggest that a very 
small section of the eligible women are likely to experi¬ 
ence undesired pregnancy presumably because of inade¬ 
quacy of family planning service. 

Our findings suggest that wife’s education has a nega¬ 
tive effect on the desired family size, i.e. educated 
women desire smaller family sizes. Female employment 


Table 4. Correlation matrix of dependent and independent variables 


Variable 

X\ 

Xl 

X5 

JO 

XA 

X6 

Xl 

X% 

DFS 

XI 

1.000 









X2 

-0.227** 

1.000 








X5 

0.142 

-0.0437* 

1.000 







X3 

0.366** 

-0.225** 

0.018 

1.000 






X4 

-0.004 

0.006 

0.001 

-0.016 

1.000 





X6 

0.19** 

-0.158** 

-0.090** 

0.144** 

0.020 

1.000 




xn 

0.302** 

0.174** 

0.026 

0.330** 

-0.004 

0.214** 

1.000 



X8 

-0.0204 

0.078** 

0.0152 

0.032 

-0.073** 

-0.005 

0.023 

1.000 


DFS 

-0.069** 

0.0933** 

0.037 

-0.029 

-0.015 

-0.031 

-0.019 

0.605** 

1.000 


*Significant at -0.01; **significant at-0.001. 
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Table 5. Results of multiple regression analysis of the desired 
family size 


Standardized regression coefficients 


Variable 

Full 

sample 

Below 30 
years 

Over 30 
years 

Constant term 

-1.469 

-2.241 

-0.178 

X] 

-0.3281** 

-0.0760*** 

-0.004 

X2 

(2) 

0.0302** 

(2) 

0.005 

0.059 

X3 

(5) 

-0.0245 

-0.0760*** 

0.020 

X4 

0.0294** 

(3) 

0.006 

0.043 

X5 

(3) 

0.0289** 

0.006 

0.042 

X6 

(4) 

-0.008 

-0.012 

-0.019 

XI 

-0.006 

-0.006 

0.007 

A'8 

0.604*** 

0.5394*** 

0.2316*** 

R- 

(1) 

0.371 

(1) 

0.296 

0.051 

(adj Listed) 

Number of cases 

3987 

2708 

1279 

***Significant at 1% level. 

^^Significant at 5% level. 

Rank order of standardized coefficients in brackets. 



Tabic 6. 

Percentage distribution of the women according to desired 
family size, pregnancy status and age cohort 

Category 

Pregnancy 

status 

Younger-age 

cohort 

Older-age 

cohort 

Total 

DFS > LC 

Yes 

286 

23 

309 



(15.0) 

(2.5) 

(10.9) 


No 

1626 

892 

2518 



(85.0) 

(97.5) 

(89.1) 

Subtotal 


1912 

915 

2827 



(100.0) 

(lOO.O) 

(100.0) 

DFS = LC 

Yes 

13 

_ 

13 



(33.3) 


(20.3) 


No 

26 

25 

51 



(66.7) 

(100.0) 

(79.7) 

Subtotal 


39 

25 

64 



(100.0) 

(100.0) 

(100.0) 


outside home has little impact on the desired family 
size. This is not unexpected as female employment in 
the rural areas is largely in the agricultural sector and 
the nature of work does not conflict with rearing of 
children. It is interesting to note that the wealth vari¬ 
ables measured in terms of ownership of cultivable land 


and household items. have the hypothesized negative 
direction although the level of relationship with DFS 
was not significant. This implies that with rising income 
the desired DFS may also fall. This marks an important 
departure from the microeconomic theories of fertility, 
which suggest positive relationship. The demographic 
variable age has strong positive influence on DFS, fol¬ 
lowed by religion. 

The incidence of pregnancy among the respondents 
who desired no additional children at the time of base¬ 
line survey was sizeable. This implies that the family 
planning services need to be further strengthened in ru¬ 
ral areas. 

Programmes for female education in the rural areas 
should receive top priority. The positive influence of 
age of DFS implies that younger mothers should be net¬ 
ted to bring about desired changes in fertility levels; this 
calls for an integrated reproductive health care and fam¬ 
ily planning programme. Although small, there is a size¬ 
able section of mothers who do not desire additional 
children but were pregnant at the time of baseline sur¬ 
vey, which shows that family planning services still need 
to be strengthened. 
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The Quantum Theory of Motion. Peter 
R. Holland. Cambridge University 
Press. Cambridge, England. 1993. pp. 
598. Price: $120, £70. 


Quantum mechanics, whose creation 
spanned the entire first quarter of this 
century, is the work of many hands. The 
initial crucial insights and advances, 
coming from Max Planck, Albert Ein¬ 
stein and Niels Bohr, covered the 
period of the old quantum theory. Then 
around 1925-26 came the definitive 
mathematical formulations of Werner 
Heisenberg, Paul Dirac and Erwin 
Schrodinger, with important contribu¬ 
tions by Louis de Broglie and Wolfgang 
Pauli as well. Unique among physical 
theories, it so happened that the formal 
structures were found first while the 
problems of physical interpretation were 
attended to later. To some extent it may 
be claimed that the situation was similar 
with Maxwell’s discovery of the equa¬ 
tions of classical electromagnetism - for 
quite a while Maxwell sought to find a 
'gears and wheels’ underpinning to his 
field equations, in keeping with the 
mechanistic traditions of his day. And it 
took close to four decades for the pri¬ 
mary quality of electric and magnetic 
fields, with no substructure and on par 
with matter, to be fully accepted. How¬ 
ever. in retrospect, the problems with 
interpreting quantum mechanics run 
much deeper, impinging on questions of 
existence, observation and human un¬ 
derstanding - ontology and epistemo- 
logy. 

The prime architects of the generally 
accepted 'Copenhagen’ interpretation of 
quantum mechanics are Bohr and Heis¬ 
enberg, with important inputs from Max 
Born, Dirac and Pauli. Strange it is in¬ 
deed, though, that seven decades after 
the advent of quantum mechanics, and 
notwithstanding its enormous empirical 
successes, its meaning is still not a set¬ 
tled matter, but a subject of debate. The 
original interpretation - involving the 
need for measurement and an external 
observer to endow microscopic systems 
with definite quantitative properties, 
and denying existence in the absence of 
observation - w'as vigorously objected 
to by both Einstein and Schrodinger. 
Added to these features was the ingredi¬ 
ent of allowing only statistical predic¬ 
tions at the fundamental level of 
microscopic processes, a sacrifice of 
classical determinism. However, quite 
early in the story, there appeared a theo¬ 


rem due to von Neumann to the effect 
that, given certain ‘reasonable’ assump¬ 
tions, there was essentially no escape 
from the conventional interpretation of 
quantum mechanics, no hope of ever 
extending it to recover a more or less 
classical view of substance and physical 
process. Indeed, Pauli — the most criti¬ 
cal and discerning mind of his genera¬ 
tion - believed the existence of an 
element of irrationality in nature at the 
deepest level and a limitation to a sta¬ 
tistical form of causality as fundamental 
features of our understanding of phe¬ 
nomena. 

As early as 1927, however, and at the 
same time when Einstein began his deep 
criticism of the Copenhagen interpreta¬ 
tion, de Broglie offered an alternative 
view ascribing simultaneous reality to 
both particles and waves in the descrip¬ 
tion of matter. He, however, withdrew 
his ideas in the face of severe criticism 
by Pauli and others. Another major 
challenge to the Copenhagen view was 
offered in the mid-thirties by Einstein, 
Boris Podolsky and Nathan Rosen, 
leading to their suggestion that quantum 
mechanics must be incomplete, and that 
it could be completed incorporating 
certain principles of reality and locality. 

Much later, around 1952, David 
Bohm independently came up with a 
‘hidden variables’ interpretation of 
quantum mechanics, evidently and for¬ 
tunately unaware at the time of von 
Neumann’s theorem. Soon it was real¬ 
ized that Bohm’s ideas were very close 
to the much earlier efforts of de Broglie. 
The latter took encouragement and revi¬ 
ved his work, and this led to the dc 
Broglie-Bohm (deBB for short) or 
causal interpretation of quantum mech¬ 
anics. Bohm also rephrased the EPR 
ideas in more accessible form; these 
developments led to John Bell’s cele¬ 
brated analysis of how it was that Bohm 
had evaded von Neumann's theorem in 
the first place, and to his famous in¬ 
equalities capable of experimentally 
distinguishing quantum mechanics from 
alternative theories of the type envis¬ 
aged by Einstein, Podolsky and Rosen. 

Peter Holland’s book is a magnificent 
and exhaustive presentation of the work 
inspired by the deBB ideas and carried 
out by a whole generation of physicists 
who may be said to belong to the deBB 
school. The main aim is to show that, 
given the mathematical structure of 
(nonrelativistic) quantum mechanics as 
discovered in 1925-26, and involving 
the use of wave functions for describing 


the behaviour of localizable particles, 
one can give a physical interpretation 
which is much closer to classical atti¬ 
tudes than the Copenhagen interpreta¬ 
tion. In the process the specific features 
that distinguish the quantum domain 
from the classical one are seen in a dif¬ 
ferent light and in sharp focus. Thus, 
the ambiguous and ‘unfathomable’ 
separations and interactions between 
object, apparatus and observer are re¬ 
placed by more uniform and even- 
handed approach to and treatment of all 
three. 

Holland’s style is eminently readable, 
cogent and leisurely. All the aspects he 
touches upon are dealt with in great 
detail and completeness. He emphasizes 
that while the usual view denies the 
possibility of visualizing atomic phe¬ 
nomena in concrete terms, the causal 
theory from the outset permits and con¬ 
structs pictures of systems as they are 
on their own, independent of observa¬ 
tion. Both the point particle and the 
wave function are treated as elements of 
objective reality, obeying deterministic 
equations of evolution. The latter guides 
the former, and to that extent it is a sign 
of asymmetry between the two. To this 
is added a way of arriving at statistical 
predictions which are guaranteed to 
agree with usual quantum mechanics 
wherever comparison is possible--but 
statistical features are not unavoidable 
or irreducible ingredients in the deBB 
approach. 

The main focus of attention is the 
nonrelativistic quantum mechanics of 
point particles. And in the causal theory 
the two crucial quantum features are the 
emergence of a quantum potential, and 
of a generally unavoidable nonlocality. 
Holland explores and explains these 
both in single-particle and many-body 
contexts - and one sees innumerable 
examples where 'causal quantum’ be¬ 
haviour can be strikingly different from 
the classically expected one. Physical 
quantities - dynamical variables - have, 
in principle, definite numerical values 
at all times, and these are not quantized. 
Yet the analysis of an actual measure¬ 
ment process shows how the eigenvaL 
ues of conventional theory emerge as 
‘results of measurement’. Typical quan¬ 
tum phenomena of interference and 
tunnelling are shown to be recovered 
intact in this approach, without giving 
up pictures and particle trajectories at 
any stage. 

The chapters devoted to the passage 
to the classical limit, and the measure- 
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merit process, are particularly outstand¬ 
ing. Holland stresses hov^ subtle and 
delicate the former is: in the present 
approach it is the vanishing of the 
quantum potential that is the key. An 
essential point made is that the underly¬ 
ing conceptual structures cannot change 
in the passage to the classical limit, only 
the quantitative details of processes can. 
From the treatment of the many-body 
problem one sees forcefully the emer¬ 
gence of the key quantum features of 
nonlocality and nonseparability, both 
due to the integrity of a common wave 
function. There are also two chapters 
devoted to particles with spin - one at 
the level of the Pauli equation, and an¬ 
other using a more elaborate model for 
particles with structure. Holland dem¬ 
onstrates that the same driving philo¬ 
sophy of the deBB theory can be suc¬ 
cessfully implemented here too. 

The concluding chapter exploring the 
extension of these methods to relativis¬ 
tic field theory points out the need for 
new ideas - an unexpected and surpris¬ 
ing conclusion is that Lorentz invari¬ 
ance may be only statistically valid! 

At the end of Holland’s superb effort, 
one is left w^ondering: why has this al¬ 
ternative to the conventional view of 
quantum mechanics not received more 
attention than it has so far? Why is there 
an apparent reluctance to consider it 
seriously? In any case, a critical and 
deep questioning of the conventional 
interpretation, by more than a small 
minority, is a relatively recent phe¬ 
nomenon. The causal theory deliberately 
highlights the role of physical space and 
position, and to that extent sacrifices 
the beautiful transformation theory of 
quantum mechanics. One cannot help 
asking w'hy Bohr, Heisenberg and even 
Richard Feynman did not consider the 
deBB alternative more seriously. But in 
criticizing today those that fashioned 
the conventional interpretation, let us 
not underestimate the, magnitude of the 
problems they faced and their efforts to 
find answers to utterly strange ques¬ 
tions - it was no mean struggle. With 
the causal theory, in a sense the magical 
qualities of quantum mechanics are ex¬ 
plained away by a return ultimately to a 
mechanistic point of view. 

It thus seems after all that for some 
time to come, while Holland’s presenta¬ 
tion will make it possible for many more 
to come to know the causal theory in 
great detail, the question of accepting 
this as the right interpretation of quan¬ 
tum mechanics will remain unsettled. 


Individual reactions will probably con¬ 
tinue to be based on preferences, beliefs 
and such subjective notions. The subject 
is thus rich also for a study from the 
viewpoints of the psychology of science 
and scientists, and in this sense the 
situation seems to share features com¬ 
mon to some other areas of science. 

N. Mukunda 

Centre for Theoretical Studies and 
Department of Physics 
Indian Institute of Science 
Bangalore 560 012, India 


Dirac and Feynman - Pioneers in 
Quantum Mechanics. R. Dutt and 
A. K. Ray, eds. Wiley Eastern Ltd. 
4835/24, Ansari Nagar, Daryaganj, New 
Delhi 1 10 002. 1993. viii + 214 pp., Rs 
250. 

(Based on the invited lectures delivered 
at the National Seminar on Sixty Years 
of [the] Dirac Equation, Visva-Bharati 
University, Santiniketan, 28-30 January 
1989.) 


Much has been written about the two 
great revolutions in physics that have 
taken place in this century, altering 
profoundly our view of the arena of the 
universe (space-time) and the players in 
it (physical objects) - namely, relativity 
and quantum mechanics. Many would 
add a third - perhaps deterministic 
chaos and complexity - although we 
should probably wait for a better per¬ 
spective afforded by the passage of 50 
years or so before making a definite 
addition to the short list of genuine 
revolutions (‘paradigm shifts’ in more 
fashionable terminology). There are 
fundamental similarities, and equally 
fundamental differences, between these 
revolutions. One feature seems to stand 
out, however, as a hallmark of the deep 
content of each of them. Results of the 
surprisingly basic nature continue to 
emerge decades after the theory has 
been (apparently) fully thrashed out. 
Examples come to mind readily: in 
relativity, the rather late realization that 
geometrical distortion effects preclude 
direct observation of length contraction 
(a relativistic cube whizzing by would 
look like a rotated cube rather than a 
cuboid); in quantum mechanics, the 
geometric phase. When relativity and 
quantum mechanics are put together. 


few would disagree with the statement 
that we do not even have a complete, 
fully satisfactory theory as yet. It is, 
therefore, not surprising that new devel¬ 
opments continue to occur in the vener¬ 
able subject of quantum mechanics at all 
levels, ranging from its conceptual 
foundations to applications to novel 
systems that become accessible to ex¬ 
periment. 

It is in this light, that of a subject in 
active and lively development, that the 
articles collected in Dirac and Feyn¬ 
man - Pioneers in Quantum Mechanics 
must be viewed. The collection does not 
constitute a textbook or monograph, or 
anything like it, even in the topics with 
which it is broadly concerned - the Di¬ 
rac equation, the Feynman path integral, 
and their ramifications. Following 
(very) brief biographical sketches of 
Dirac (by N. Mukunda) and Feynman 
(by C. K. Majumdar), there are 17 arti¬ 
cles by some of our leading theoretical 
physicists. The authors (and editors) 
must first be commended for the very 
existence of this collection, for we are 
all aware that promises of write-ups of 
lectures are like babies - fun to make, 
but hell to deliver. The articles are 
crisply written and cover a wide and 
interesting range of topics. Although six 
years have gone by since the lectures on 
which they are based were given, and 
newer results have emerged in several 
cases, these articles are by no means 
outdated. By and large, they should 
continue to remain useful and instruc¬ 
tive to students, teachers and other in¬ 
terested physicists for some time to 
come. In several instances they provide 
good, readily accessible introductions 
to the relevant literature - particularly, 
in the case of some of the slightly 
longer articles that are in the nature of 
reviews. These include ‘Spinors in 
many dimensions’ (N. Mukunda), 
‘Introduction to Feynman path inte¬ 
grals’ (S. V. Lawande), ‘Fermion num¬ 
ber fractionization in quantum field 
theory’ (A. Khare), 'Berry’s phase and 
canonical transformation’ (S. N. 
Biswas), ‘Some aspects of relativistic 
electrons’ (C. L. Roy), and the chrono¬ 
logical perspectives offered in ‘The 
discovery of Dirac equation and its im¬ 
pact on present-day physics’ (G. Ra- 
jasekaran) and ‘The Dirac equation and 
aftermath’ (A. N. Mitra). 

There are some respects in which the 
value of this book could have been en¬ 
hanced. The three-year delay in putting 
the collection together after the conclu- 
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sion of the Seminar (aggravated by the 
additional year it took the publisher to 
bring out the book) does seem some¬ 
what excessive. Many of the articles 
have numerous elementary grammatical 
errors, occasional incomplete sentences, 
and the like. Unlike collections of arti¬ 
cles in the humanities, the role of edi¬ 
tors in collections of scientific articles 
is (conventionally) much more limited - 
the blue pencilling is far more re¬ 
strained, often to the point of being 
absent altogether. The collection under 
review is presumably no exception, and 
one does wish some more care had been 
taken by some of the authors in prepar¬ 
ing written versions of their lectures for 
publication. 

U. Balakrishnan 

Departmen I of Physics 
Indian Institute of Technology 
Madras 600 036, India 


Renewable Energy: Sources for Fuels 
and Electricity - Johansson, T. B., 
Kelly, IT, Reddy, A. K. N., Williams, 
R, H. (eds) and Burnham, L. (Ex. cd). 
Island Press, Washington DC, USA. 
1993. 1160 pp. Indexed. Price: US$ 
85/- (HB). US$ 45/- (PB). 


This volume, as complement to the 
Report of UN Solar Pmergy group 
for Environment and Development 
(UNSEGED), provides a state-of-the-art 
assessment of renewable energy sources 
for making fuels and electricity on a 
cost effective basis. The report and this 
complement were inputs to the 'Rio 
Earth Summit’ held in June 1992 with 
the aim of defining means and goals for 
worldwide sustainable development. As 
a result. Agenda 21 has specifically 
called for 'increasing the contribution 
of environmentally safe and sound and 
cost effective energy systems, particu¬ 
larly new and renewables, through less 
polluting and more efficient energy pro¬ 
duction, transmission, distribution and 
use'. 'Fhe authors and editors featuring 
in this volume and the members of 
UNSEGD comprise most of the reputed 
specialists from around the world and, 
therefore, the publication of the book is 
a historical landmark in the renewable 
energy Scene. It is rare to come across 
an edited volume where analytical rig¬ 
our has been, used to enhance and detail 
a vision in the field of Renewable fhi- 


ergy. It is almost akin to acquiring an 
adult status on the eve of 21st century. 

There are 23 chapters, of which the 
first one details a ‘Renewables-intensive 
global energy scenario (RIGES)’ and 
the last one deals with utility strategies 
for incorporating the renewables. Re¬ 
maining 21 chapters comprising the 
techno-economic status of renewable 
technologies have six chapters on solar 
photovoltaic, eight on biomass, one 
each on solar thermal power, hydro- 
power, ocean thermal, geothermal and 
solar hydrogen, and two chapters on 
wind energy systems. There are no 
chapters on solar thermal as fuel, solar 
passive systems for buildings or inte¬ 
grated rural energy systems. These are 
no omissions but follow from implicit 
thinking underlying the preparation of 
this book. However, it is not known 
whether this was dictated by the Brief 
commissioning this report or was the 
strategy chosen by the editors. The re¬ 
view, therefore, is proposed to be done 
at three levels: (1) As a compendium of 
selected and upcoming renewable en¬ 
ergy technologies. (2) For a utility 
based RIGES. (3) Relevance of this 
scenario to sustainable development of 
the rural sector of the developing coun¬ 
tries. 

Compendium of selected 
renewable energy technologies 
(RETs) 

As a compendium of RETs, this book is 
unique and timely in many ways. It is 
the first time that a single volume has 
up-to-date data on all these technologies 
renewable and conventional and that too 
in a comparative format. Apart from 
components, full systems are taken into 
account and their performance and cost 
figures are given. Wherever the projects 
are completed, shortfalls in terms of 
design goals and possible reasons have 
also been enumerated from the latest 
reports and publications. Renewables 
are considered cost-effective when en¬ 
ergy co.sts on life-cycle basis are compa¬ 
rable to costs of conventional power 
using current or near-future technolo¬ 
gies. Realistic operating hours, discount 
rates (6% and 12%) and common base 
year (extrapolated where necessary) 
have been considered. Ongoing ad¬ 
vances in renewable technologies or the 
desired developments and their possible 
impact on system costs and configura¬ 
tions are also stated. One notable omis¬ 


sion except for biomass-based alcohols 
is the absence of energy output-input 
ratios over the lifetimes of technology 
products, wherein the inputs also in¬ 
clude the energy contents of manufac¬ 
turing and the materials used. Energy 
efficiency and conservation savings are 
accounted for in terms of reduced de¬ 
mands. Environmental effects of the 
technologies are mentioned but not 
explicitly costed as benefits. Two major 
groups of technologies are discussed in 
the sections that follow. 

Solar photovoltaic PV 
technology 

This is covered in six chapters in an up- 
to-date and comprehensive fashion. In 
1990 the silicon needed for solar cell 
manufacture was 9% of the total semi 
conductor grade silicon. Module costs 
at 50-60% of the total system costs are 
likely to continue and seniiconductor- 
grade silicon is unlikely to become 
cheaper in the near future. Reduction in 
material losses due to better sawing of 
wafers and thinner wafers (200 pm), 
ultralhin wafers using light-trapping 
(20 pm) by techniques like laser 
grooving and chemical etching, recy^- 
cling scraps from semiconductor indus¬ 
try at half the price, larger use of 
polycrystalline material rather than sin¬ 
gle crystal by offsetting efficiency 
losses by better cell designs are the on¬ 
going approaches. Avoiding sawing by 
growing material on substrates or 
drawing films and ribbons from the melt 
(50 pm thick) for reducing material 
requirements by 80% arc under active 
research, 'rhin-film cells (1 pm) using 
amorphous silicon, copper-indium 
diselcnide (CIS) or cadmium telluride 
(CdTe) with acceptable stabilized effi¬ 
ciencies are of great promise. They use 
far less material and are amenable to 
mass production. Most approaches use 
multijunction designs of wavelength- 
sensitive layers of a-Si or mechanical 
stacking of a-Si/ClS as layers. A 
threefold increase in efficiency is ex¬ 
pected to be realized over the presently 
available commercial thin film cells (3- 
4% efficiency) in the next few years. 
Active materials, however, constitute 
only a quarter of the total material cost 
in a PV module. Also PV module pro¬ 
duction costs are based on unit area 
w'hereas power costs per peak watt de- 
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pend on the efficiency. So, higher effi¬ 
ciency has a dominating effect. On the 
systems side, integral manufacturing of 
PV modules like windows and mass- 
produced power conditioners for being 
integrated within the junction boxes 
permitting 220 V connections of arrays 
are the desired short term future. One- 
axis tracking enhances the radiation 
capture cost-effectively. Laser-grooved 
PERL-type silicon solar cells are ex¬ 
pected to cross 20% efficiency on a 
commercial production basis while re¬ 
taining the in-use durability of crystal¬ 
line cells, by the turn of century. For 
sunny regions, I Ox concentrator cell 
systems are likely to emerge as com¬ 
petitive for centralized village installa¬ 
tions in kW range, with plastic 
concentrators following the cost and 
technologies of luminaires. Thin film 
multi junction cells using crystalline 
silicon/amorphous silicon combination 
with CIS and CDTe are in precommer¬ 
cial stage. With advances in efficiency 
and stabilization over time and because 
of the higher demands and competition 
with electronic devices for silicon re¬ 
quirements, these low-material cells are 
expected to lead the market after 
2000 AD. Solar PV power competitive 
with utility peak rates is expected to be 
available for sunny regions by the turn 
of the century. 

Biomass-based technologies 

Biomass derived from wood, agroindus¬ 
trial wastes, urban garbage, crop resi¬ 
dues and from dedicated energy 
plantations has the advantages of decen¬ 
tralization. renewability, availability on 
demand and zero net carbon emission, if 
grown sustainably, or pollution reduc¬ 
tion in case of waste recycling. Tech¬ 
nologies for converting these into 
energy comprise eight chapters outlin¬ 
ing the resource potential, cook stoves, 
small-scale gasifiers and advanced 
gasification systems, anaerobic bio- 
methanation, liquid fuels production for 
combustion and transportation and two 
case studies, one on use of biogas for 
village electrification in India and the 
other for alcohol as partial replacement 
for gasoline for transportation in Brazil. 
It is recognized that land and water can 
be constraints for grown biomass, and 
gathered rural fuels for cooking do not 
lead to deforestation. 


For cooking in urban areas land fills 
biogas and biomass-based ethanol are 
recommended thereby reducing emis¬ 
sions of greenhouse gases and pressures 
on land for fuel to nearly a quarter of 
the current practices by using biomass 
residues for electricity generation after 
production of alcohol. Plantation bio¬ 
mass grown sustainably on excess agri¬ 
cultural land in industrialized countries 
and on degraded and deforested lands in 
developing countries has the largest 
potential for energy production in the 
long term. Recoverable residues can 
provide the starting fuels for bioenergy 
industries in the near term. Pura village 
electric grid based on 40 m^/day com¬ 
munity biogas plant with 5 kW engine 
and capacity utilization of 16% brings 
out the fact that above 7.5% interest 
rate, biogas power is cheaper in in¬ 
stalled cost per kW than the centralized 
grid power. Similarly, experience with 
5 kW and 100 kW open-top gasifiers 
coupled to dual fuel engine gensets, 
used respectively, for village electricity 
and onsite captive power for small-scale 
timber mill show that payback periods 
of about 3 years are obtainable with 
annual capacity utilization factors of 
nearly 30-35%. Current capacity utili¬ 
zation factors are between 15-20%, 
depending upon the demands, which are 
governed (if equipment reliability is 
assured) by affordability rather than by 
needs. These important lessons are criti¬ 
cal for capital starved developing coun¬ 
tries and rural poor and have been 
ignored in RIGES. 

Advanced biomass based fixed-bed 
gasification technologies can be coupled 
to latest generation of gas fired steam- 
injected turbines: heavy-duty power 
type or lightweight aeroderivative types 
in combined cycle/cogeneration modes, 
respectively, to achieve power efficien¬ 
cies higher than 40% with biomass fuel 
having less than 15% moisture content. 
Problems of sulphur removal do not 
exist with biomass; tar and alkali vapour 
problems can be handled within gasifier 
exit temperature range of 500-600°C 
per day, just by cyclone-based particu¬ 
lates clean-up systems only. Scales of 
50-100 MWe are economically possible 
as these technologies are not so much 
sensitive to scale as coal-based steam 
turbines were. 

Products from biomass gasification 
technology can also be reformed or 
shifted to produce a syngas with low 
methane content and right proponions 


of H 2 and CO. This syngas is later up¬ 
graded by removing CO 2 . Synthesizing 
of methanol is done by reacting CO, H 2 
and steam in the presence of traces of 
CO 2 over a catalyst. Most of the unit 
operations are known from existing 
methanol synthesis systems used with 
natural gas as feed stock. This methanol 
can be used as a blend with gasoline up 
to 5% or used as neat fuel for an alco¬ 
hol-based engine cell or for transforma¬ 
tion on board to H 2 for hydrogen- 
powered fuel-cell-based electric vehi¬ 
cles. Choices will be dictated by costs, 
air quality considerations and technol¬ 
ogy advances. Electric vehicles with 
fuel cells using methanol via hydrogen 
are quickly refuelled, are 2.5 times more 
energy efficient than gasoline based IC 
engine vehicles, have excelled air qual¬ 
ity emissions but cost more and are 
slower to start up. 

Ethanol can be produced by enzy¬ 
matic hydrolysis of cellulosic biomass, 
mainly sugar cane, corn, sweet sorghum 
stems and other starch crops followed 
by fermentation. It has been directly 
used in cook stoves for homes in stoves 
similar to kerosene oil stoves. In Brazil¬ 
ian alcohol programme, it has been used 
as an additive to gasoline for ordinary 
1C engines or as a neat fuel for alcohol 
engines (hydrated ethanol). Fuel value 
of ethanol is nearly 80% that of gasoline 
in terms of conventional IC engine out¬ 
put and in Brazil its price is put at al¬ 
most the same level. Ethanol is an 
excellent motor fuel and its full value 
will be realized when engines specifi¬ 
cally designed for ethanol become 
available. Presently gasoline engines 
using 22% anhydrous ethanol are per- 
formancewise superior to using leaded 
gasoline in terms of emissions quality 
and neat ethanol vehicles emissions are 
still less polluting at the same level of 
emission control technology. Fuel costs 
at USS 0.20 per litre of hydrated ethanol 
are equal to USS 8.00 per GJ of energy 
in Brazilian programme based on sugar 
cane. Equivalent costs from other feed 
stocks are still to be achieved. Energy 
ratios are around 40% for the existing 
technology and are expected to go up to 
55% for advanced technology. 

Biogas production from anaerobic 
biomethanation of biow^astes from ani¬ 
mal and human sources has been exten¬ 
sively practised in India and China in 
small-scale onsite made digesters with 
capacities of 2-85 m^/day with volu¬ 
metric ratios of 0.5 and a very little 
energy input except human labour. In 
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industrialized countries this process has 
been used to handle industrial wastes 
from distilleries, dairies, paper mills 
etc., and urban sewerage in high-rate 
digesters requiring lot of energy inputs. 
In either case it provides excellent fuel 
source, fertilizer and an efficient pri¬ 
mary level waste treatment system, 
thereby reducing water and air pollu¬ 
tion. Recent studies have shown that 
biogas can be produced from Vinasse 
having a COD of 500 kg/m^ of ethanol 
produced, which is presently treated 
aerobically or dumped in surface waters, 
creating a pollution load equivalent to 
that of 5000 persons/m^ of ethanol. 
Biogas can be used in dual fuel engines 
to produce electricity or shaft power or 
can be burnt directly as fuel. It has been 
used to supply practically all the energy 
needs of distilleries. 

Other technologies 

Other technologies such as wind farms 
have an excellent pay-back period with 
capacity utilization factors of about 
25% and rated wind speed of 25 kph. 
With availability of grid interphasing, 
this is a promising intermittent renew¬ 
able at suitable sites. Both wind power 
density and energy conversion effi¬ 
ciency are higher than for solar thermal 
per unit area of converters. With better 
electronic coupling with grid, variable 
speed wind turbines of up to 400 kW 
each are now available commercially 
and can compete with grid power in 
regimes with wind power density of 
450 W/ml 

Renewable intensive global 
energy scenario (RIGES) 

This scenario, detailed in Chapter 1 and 
supported by extensive appendices is 
based on strategy for investment portfo¬ 
lios discussed in Chapter 23. Energy 
demand estimates are taken from the 
projections of Response Strategies 
Working Group of the Intergovernmen¬ 
tal Panel on climate change except that 
the world is divided into 11 regions 
instead of nine. The set of projections 
corresponds to accelerated policies sce¬ 
nario for adoption of energy-efficient 
technologies, which together with re¬ 
newables could lead to competitive 
costs for overall energy services and 
minimal energy demand growth without 
impairing economic growth. High eco¬ 


nomic growth allows for doubling of 
world population and eightfold increase 
in world economic product between 
1985 and 2050 with allowances for dif¬ 
ferent growth rates between developing 
and already industrialized countries. 

Electricity 

A critical choice underpinning RIGES is 
of electricity as major energy carrier of 
the future. This is justified by the ob¬ 
servation that demand growth for elec¬ 
tricity has outpaced the growth on 
demand for fuels with modernization 
i.e. industrialization and more comfort¬ 
able life styles. Electric demand per 
capita is projected to rise by 70% be¬ 
tween 1985 and 2050 overall and by 
500% for developing countries leading 
to a total electricity demand of nearly 
2.65 times that of 1985. This in turn 
implies wide-scale availability/creation 
of electric transmission grid even 
though there is marginal recognition of 
need for stand-alone systems in areas 
distant from the existing grids or those 
likely not to be connected with grid, e.g. 
scattered islands in Indonesia or alpine 
and Himalayan villages. In RIGES, 
global electricity production would 
double by 2025 and triple by 2050 AD 
(baseline 1985). Renewable share is 
20% in 1985 (mostly large hydro) and 
60% in 2025 AD with almost equal 
share between hydro, biomass and in¬ 
termittent renewables, namely, wind, 
solar thermal, solar PV electricity (wind 
and solar contributing equally). In 
2050 AD the contribution would be 
nearly 63%, with hydro at 15%, biomass 
at 18% and mixed intermittent renew¬ 
ables at 30%. Natural fired-gas turbines 
will contribute about 25% as they can 
buffer the variability of inputs from 
intermittent renewables without need for 
electrical storage and follow the vari¬ 
ability of loads efficiently and more 
sustainably. These turbines can later be 
switched over to biogas from biowaste 
recycling or electrolytically and photo- 
chemically generated hydrogen with 
solar energy. All these are meant to be 
achieved at comparable energy tariffs 
with considerable reduction in carbon 
emissions. A case study for Northern 
California, where wind, solar and hydro 
are close to world averages and field 
experience of integrating renewables 
into utility grid exists (Fig. 8 p. 25 of 
the book), indicates that advanced bio¬ 
mass and natural gas power systems 


with 30% mixed intermittents and 2% 
hydro can give almost the same tariff as 
advanced fossil fuel systems with hydro 
but without intermittents with carbon 
emissions reduction of 24 times, pro¬ 
vided the distributed PV credit is al¬ 
lowed for. 

Direct fuel use 

Direct fuel use (for nonelectricity uses) 
accounts for 65% of primary commer¬ 
cial energy used in 1985 and nearly 
75% of CO 2 emissions. Because of 
electric power being designated as the 
major energy carrier in demand projec¬ 
tions adopted by RIGES and because of 
the radical change in forms of biomass 
to be used in future, direct fuel use is 
expected to grow by less than one-third 
of 1985 (219 EJ/yr) level till 2050 AD 
Renewables are expected to contribute 
nearly 25% by 2025 AD and 40% by 
2050 AD. Because of demands of in¬ 
creased end-use efficiency, CO 2 emis¬ 
sion requirements and need for 
replacing oil and coal for transportation, 
solid fuels have been completely elimi¬ 
nated. Only liquid fuels such as metha¬ 
nol, ethanol and gaseous fuels such as 
biogas and hydrogen derived mainly 
from biomass with small quantities of 
hydrogen from intermittent renewables 
(electrolytically) are being visualized. 
Direct fuel uses still account for nearly 
61% of the total primary commercial 
energy used. 

High technology systems 

Apart from intermittent renewable 
sources using dedicated technologies 
developed for wind turbines, solar cells 
and solar thermal collectors, spin-off 
technologies and apart from develop¬ 
ments in aerospace industry and con¬ 
ventional power generation are the main 
planks of biomass power generation and 
direct fuel use systems. These are ad¬ 
vanced biomass gasification systems 
deriving from pollution-reducing devel¬ 
opments in coal gasification, advanced 
gas-fired turbines originally deve¬ 
loped for aircraft engines, hydrogen 
(methanol) based fuel cells originally 
developed for space vehicles, develop¬ 
ments in power electronics for inter¬ 
phasing intermittent renewable energy 
from wind and solar photovoltaic gen¬ 
erators into grid, and automated man¬ 
agement of electric transmission and 
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distribution systems for variable loads 
and multiple resource generators with 
variable/steady inputs. 

Gas-fired turbines and biomass-based 
power units are considered economi¬ 
cally viable at 100 MWg scales and can 
be dispersed with respect to resource 
availability as well as load characteristic 
for the areas served. Solar PV systems 
can vary from multiple units of kW 
system to MW range with credits for 
distributed location provided proper 
safeguards are taken with respect to grid 
interphasing and utility buy back is at 
peak tariff rates. Mini hydro in MW 
range is treated as intermittent renew¬ 
able for lack of storage in the same way 
as wind-generated electricity. Solar- 
based systems shave off the peak loads 
where space conditioning loads are a 
major fraction of building loads, which 
are nearly 50% of the total electric loads 
in advanced industrialized countries. 

A plausible scenario 

RIGES thus provides a technically pos¬ 
sible and economically viable energy 
scenario till 2050 AD by using high- 
tech systems requiring state-of-the-art 
management tools and infra-structure 
comparable to conventional utility 
route. Greenhouse gases (e.g. CO 2 
emissions) are kept below the double of 
preindustrial levels during the entire 
21st century. Inter-regional trade bal¬ 
ances, existing structures for market¬ 
ing/generating fuels and electricity and 
responsible use of conventional finite 
resources are consciously preserved 
with minimal adjustments, if at all. 
Sustainability requirements in terms of 
land and water (quantity and quality), 
biodiversity and yield stability are also 
taken note of for biomass-derived fuels. 
An agenda of action for R&D priorities, 
public policy questions, institutional 
framework and possible funding from 
Carbon Tax is also suggested. 

Relevance of RIGES to 
sustainable development of 
rural areas of developing 
countries 

RIGES is renewables intensive as well 
as global, and has thus overlooked the 


special challenge offered by non-grid- 
connected rural regions of developing 
countries for use of renewables. Tech¬ 
nology-driven options relying on heavy 
infrastructure such as utility grids are 
capital-intensive and could be ideal for 
industrialized countries, where popula¬ 
tion and load densities are fairly high 
and much of the infrastructure already 
exists. With renewables taking care of 
sustainability of physical resources and 
allowing for medium-scale decentrali¬ 
zation to 50-100 MWe levels, these 
could also be the options for urban ar¬ 
eas of developing countries, wherein 
grid-based options fit in with expecta¬ 
tions and development plans. It is true 
that urbanization is increasing in all 
developing countries and population 
pressures would only accentuate it but 
no energy options should be allowed to 
promote it if they have to be sustainable 
in human as well as physical context by 
promoting equity, employment and par¬ 
ticipation. 

The experience of rural electrification 
schemes has so far been dismal because 
even when physical distance from grid 
is not large, the economic distance still 
is because of low loads on account of 
poor affordability. Statements like loads 
following solar peak because of air- 
conditioning loads (p. 21) or solid fuels 
not being available for cooking 
(p. 1090), noncommercial biomass be¬ 
ing neglected, are far from ground re¬ 
alities and are likely to be so even after 
50 years. Employment creation due to 
industry-type biomass plantations in 
rural areas will be minimal and indus¬ 
trial-scale production of equipment has 
hardly ever created rural employment- 
it has only accentuated migration to 
urban areas. However, if the obsession 
with cost effectiveness in terms of 
6 cents/kWh is discarded and full 
benefits of pollution reduction and re¬ 
duced consumption of fossils via renew¬ 
ables are costed as benefits, it should be 
possible to design integrated and reli¬ 
able rural energy packages with local 
grids for villages/cluster of villages. 
Upgradation of human skills and atti¬ 
tudes required is no greater than that 
required for use of equipment with bet¬ 
ter end-use efficiency implied in 
RIGES. This option in lieu of grid ex¬ 
tension is still available for large num¬ 
ber of rural areas and does meet ground 


realities of capital starvation and need 
for increasing affordability, and cannot 
be just given away by default because of 
global thinking. Rural energization has 
to be integrated with other priority con¬ 
cerns, su^h as shelter, potable water, 
sanitation and agricultural sustainability 
on an affordable basis on an increasing 
scale of empowerment for being rele¬ 
vant to a large number of people (almost 
30% of human race). It is true that there 
are problems of equipment efficiency, 
reliability and management but they are 
not more serious than the fact that all 
capital-intensive centralized develop¬ 
ment has only aggravated economic 
stratification so far and left the poor 
still poorer in relative terms and heavy 
indebtedness of developing countries. 

RIGES can and should meet this 
challenge without affecting its stated 
options for urban and industrialized 
world. If not, the already created poten¬ 
tial for application of Renewables based 
on indigenous R&D in countries like 
India and China will have to be shelved 
in favour of international agreements 
and import of renewable equipments 
and experts, with the poor gaping on 
and once again by-passed. 

In spite of multiple authorship, the 
book has been edited into a unified vol¬ 
ume with detailed cross-referencing and 
indexing. There are very few printing 
errors but some are there - p. 325, 
Table 13; p. 327, Figure 4; p. 668, Ta¬ 
ble 4, p. 709, Figure 6 - and also a few 
mistakes in cross-referencing the 
skipped matter (p. 899) and substituted 
figures on p. 820, p. 822 and p. 829. 
But these are minor as compared to the 
herculean task of editing involved. The 
book is produced on acid-free recycled 
paper and bound according to interna¬ 
tional standards. It is a veritable mine of 
reliable and up-to-date information on 
renewable energy technologies. It de¬ 
serves a place in all the libraries and 
with all policy makers and researchers 
in the field of energy - not only renew¬ 
able energy. 

C. L. Gupta 


Solar Energy Unit 
Sri Aurobindo Ashram 
Pondicherry 605 002, India 
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The Indian scientist: Some reflections 

Swadesh M. Mahajan and E. C. G. Sudarshan 


The role of science-based technology as 
a strong and effective force for devel¬ 
opment and its capacity to improve the 
living standard of the Indian people 
were clearly appreciated by the builders 
of modern India. Jawaharlal Nehru, a 
seer of science-based humanism, lent 
his enormous prestige and power to the 
cause of building, encouraging and 
sustaining institutions for technological 
research and development and institu¬ 
tions devoted to the pursuit of the pure 
sciences. He had the courage to dream 
about a new India ‘whose temples were 
to be the universities and research labo¬ 
ratories’. The message to the youthful 
scientists was that over and above the 
intrinsic adventure of participating in 
the scientific quest, they were also con¬ 
tributing to nation-building. It was 
heady and infectious. India committed 
itself to the task of implementing an 
ambitious scientific research pro¬ 
gramme. Over the years the programme 
was to grow into an enormous scien¬ 
tific-technical service which would spur 
the next generation of students into the 
pursuit of science and technology. In 
addition to the various national labora¬ 
tories and major research institutes and 
a few distinguished universities, the 
new institutes of technology entered 
into the propagation of technical exper¬ 
tise with a vengeance. While many stu¬ 
dents from these institutions felt they 
should go abroad for higher learning, 
the level of advanced studies in science 
and technology in the country had al¬ 
ready reached a new high. India’s sci¬ 
entific manpower is awesome; by some 
counts its manpower is the third largest 
in the world, surpassed only by that of 
the two superpowers. 

Thus, there appeared on the Indian 
scene a new type of person, a symbol 
and product of a new national 
orientation, heir to the university heri¬ 
tage of ‘truth unto its innermost parts’. 


Reprinted from India 2000: The Next 
Fifteen Years, Allied Publishers, New 
Delhi, 1986, pp. 42-54. 

The authors are in the Department of 
Physics, University of Texas, Austin, 
Texas 78712, USA. 


to go ‘where no man has reached’, to 
follow ‘knowledge like a shining star’. 

On this person is pinned the nation’s 
hope to leapfrog into the prosperity 
associated with a technological indus¬ 
trial society. This new person, the har¬ 
binger of a new era, is the object of our 
study. 

The Indian scientist 

This essay deals with the ‘Indian scien¬ 
tist’, a person of Indian origin involved 
in scientific research. Although most 
such people are found in their natural 
habitat - Indian laboratories, research 
institutes, and universities - a very 
substantial number are associated with 
foreign institutions, mostly in the West 
and particularly in the universities and 
industrial laboratories of the United 
States. The American pool has been 
increasing rather rapidly, with a large 
steady flow from major Indian universi¬ 
ties, including the institutes of technol¬ 
ogy. For our purpose, we shall take this 
phenomenon, the existence of a large 
group of Indian scientists in America, as 
a ‘given’ of the system. We do not pro¬ 
pose to discuss either the dynamics or 
the consequences of this migration but 
limit ourselves solely to an analysis of 
the scientist’s condition and a little bit 
of his science, sociology and psychol¬ 
ogy. We do, however, suppose that this 
community is important enough to war¬ 
rant such an examination. No statistics 
will be given, and we plan to cover the 
broad subject by concentrating on sci¬ 
entists working in America, excluding 
important and interesting Indian prob¬ 
lems. We shall also outline how the 
American experience affects the pool of 
scientists in India. 

We begin with a brief description of 
this group as well as a statement of its 
quandary. The group is a large, compe¬ 
tent body quite uniformly distributed 
over institutions of higher learning 
throughout the United States. Although 
its members have contributed ade¬ 
quately to the general body of scientific 
knowledge (that is, commensurate with 
their numbers), they can be credited 
with a disproportionately small number 


of fundamental, trendsetting or strik¬ 
ingly creative contributions to science. 
The typical scientific career of an Indian 
in American science may be divided 
into three phases: 

1. The early educational phase. This 
consists of graduate studies leading to a 
Ph D degree, followed by a few years as 
a postdoctoral fellow or research asso¬ 
ciate. This phase lasts anywhere from 
seven to ten years, and by the end of 
this phase the scientist is approximately 
30 years old (a few exceptional people 
may reach senior academic ranks by this 
age). This is the golden period of his or 
her career. During this time there are 
examinations to pass, courses and other 
assignments to complete, sundry well- 
defined chores to finish, scientific inter¬ 
ests to be identified, and working alli¬ 
ances to forge. The average performance 
is excellent, and most Indian students 
end up near the top. There is a fair 
amount of encouragement from the re¬ 
search establishment, represented by the 
professor and fellow students. This 
happy state is enhanced by an increase 
in material comforts, because the life 
provided by even a graduate assistant- 
ship is in many ways superior to a rela¬ 
tively deprived Indian middle class 
existence, and it is from the middle 
class that most of our subjects come. 
We believe, however, that deeper psy¬ 
chological reasons may have much to do 
with this optimistic and positive atti¬ 
tude. The fact that the young person has 
competed with his American counter¬ 
parts, in an American setting and under 
American rules, and succeeded, gives 
him a great psychological boost and the 
expectation of a promising career. 

2. Middle professional life. As a natural 
consequence of the scientist’s coming of 
age, the godfather role of the professor 
is withdrawn. He may even become a 
competitor. This event ushers in a new 
era, in which the scientist must succeed 
on his own. During this time the young 
person directly faces the scientific es¬ 
tablishment, in contradistinction to the 
earlier phase when he was largely an 
extension of an established professor. 
For reasons that we shall discuss later, a 
strange new phenomenon appears; there 
is a gradual deterioration in relative 
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performance and productivity. Local 
people who were behind in graduate 
school slowly forge ahead in matters 
that really count: references to their 
work, invited papers, and award of ten¬ 
ure. The former euphoria is diluted and 
the days of enthusiasm and optimism 
vanish. 

Two distinct modes of behaviour ap¬ 
pear at this stage. One group internal¬ 
izes the 'discrimination’, accepts the 
prevailing value system, and settles 
down to a safe but unexciting and sci¬ 
entifically colourless life, often at levels 
much lower than they expected. They 
accept that they will fill the ranks and 
cannot hope to be in the forefront. The 
other group resists the tendency to suc¬ 
cumb to the injustice of ‘discrimination’ 
and expects some redress of the unfair¬ 
ness and that something surely will turn 
up. Usually, it is the more talented and 
more ambitious who do not give up the 
struggle. The result of this extended 
unwillingness to accept the facts is not 
vindication, but disillusionment and 
bitterness. Scientific recognition is rare, 
the awards even more so, 

3. Mature professional life. For the first 
group, who accept the fait accompli, 
later life is safe but lacks zest. They 
become hewers of wood and carriers of 
water, are well paid, and swell the ranks 
of scientific manpower. For the second 
group, life becomes a continual strug¬ 
gle; the disparity between what they 
expect and what they achieve is a con¬ 
stant drain on their creative energy. 
There seems little appreciation for past 
work and less for continuing contribu¬ 
tion, except from the local group which 
directly benefits from the research; even 
there the credit may be given grudg¬ 
ingly. But one cannot complain or air 
one’s frustrations because no one lis¬ 
tens. The consequences are quite grave; 
nervous tension sets in and heart attacks 
occur, often at an early age. Lack of 
professional satisfaction drives many of 
this group to seek solace and content¬ 
ment elsewhere. This results in a certain 
disinterest, not only in scientific insti¬ 
tutions but in science itself Altogether 
these feelings lead to a definite reduc¬ 
tion in scientific productivity, followed 
by a sense of guilt and further loss of 
status. 

Of course, there are notable excep¬ 
tions, but they are indeed few and far 
between and may be viewed as statisti¬ 
cal quirks. Some others avoid this fate 


by aggressively adopting as a new value 
system the ethos and character of the 
dominant culture. 


Universality of science? 

Anyone attempting to understand the 
fate of the Indian scientist must begin 
by digging into Indian history. There is 
no recent tradition of scientific research 
in India. There were individuals like 
Bose, Ray, Saha and Raman who did 
enrich the science of their times, but 
they were singularities, bright stars 
shining against a background which was 
largely indifferent to them. They did not 
create a tradition which could nurture 
and sustain a modern scientist and give 
him confidence in his ability independ¬ 
ently to produce quality science; 
they left even less which could inspire 
him. 

There is one strong tradition to which 
every Indian is heir. This is the tradition 
which comes of being a colonized peo¬ 
ple. During India’s colonial past, criti¬ 
cal and innovative thinking definitely 
was not encouraged, and often not tol¬ 
erated. The most talented Indians were 
trained to value traits which made them 
excellent sustainers of an already 
working programme. The programmes 
were always those of the British, who 
also defined the problems and offered 
the solutions. What was needed was the 
manpower to put ideas into practice. 
Excellence, for an Indian, simply meant 
that he carried out the instructions well, 
and to the satisfaction of the master. 
Indians performed at best ‘at the level 
of the field captain’, and were respon¬ 
sible only for local interim solutions to 
some operational problems. The success 
or failure of a pursuit was decided by 
others. Indians were to understand that 
they did not belong to the select caste, 
and hence planning, thinking and im¬ 
plementing a strategy to deal with im¬ 
portant issues were not in their domain. 
One knew the limits imposed by birth in 
a subject country and did not try to sur¬ 
pass them. This was the heritage com¬ 
mon to all intellectuals: scientists, 
historians, economists and others. 
Could this be damning enough to create 
the ‘condition’ peculiar to a modern 
Indian scientist? By itself the answer is 
‘no’, but a combination of colonial 
tradition and absence of a scientific 
tradition is formidable, and is made 


lethal by a hearty dose of the much- 
touted slogan ‘Science is universal’. 

On the surface, all is well with the 
concept of the universality of science. 
Indeed, the language, the methodology, 
the content and the results of science are 
universal, as they must be to be mean¬ 
ingful. Not universal, however, are the 
institutions of science. What constitutes 
interesting, important, and even moral 
scientific problems; how scientific ac¬ 
tivity should optimally be organized; 
what the criteria for merit are; how the 
community rewards good work; and 
other such questions clearly will be 
answered in different ways by different 
societies. It is naive to expect that our 
sociopolitical and psychological biases 
will not enter into the institutions of 
science; after all, these institutions are 
finally controlled by scientists, who 
happen to be just as parochial, preju¬ 
diced, nationalistic and political as any 
other large group of people. 

Somehow, the new breed of young 
scientists, especially in the Third World 
countries, came to romanticize not only 
science (often deemed to be a panacea 
for Third World problems) but also the 
scientist. The word ‘scientist’ conjures 
up the kind and benign face of Albert 
Einstein, and one finds it difficult to 
associate with him anything mundane or 
commonplace. This romanticization 
could have been quite harmless were 
these scientists never to interact with 
the real institutions in the West. Clearly, 
that was not and is not possible. Modern 
institutions of science are creations of 
the West, and they hold most of the 
keys to the doors of modern scientific, 
knowledge. Ambitious scientists from 
the Third World countries had no choice 
but to come westward and participate in 
this alien culture. Desiring to jump 
quickly into his creative activity, they 
came in droves. The ethos of the uni¬ 
versity of science, or rather their under¬ 
standing of this ethos, made scientists 
disdain ideas of creating institutions and 
knowledge appropriate to the needs of 
their own societies. Colonialism in sci¬ 
ence was accepted with hardly any resis¬ 
tance; in fact, people happily and 
willingly embraced it. 

This acceptance was accelerated by an 
extremely important postwar develop¬ 
ment in the United States. The phe¬ 
nomenal prestige gained by American 
scientists because of the success of the 
Manhattan project made it possible for 
them to launch immense scientific proj¬ 
ects for which trained manpower was 
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sorely needed. The need became even 
greater when the ambitious space pro¬ 
gramme was launched. Thus, there was 
the coincidence of need, and people 
from the Third World desperate to 
come. The situation is vaguely reminis¬ 
cent of the ‘indentured labourers’ who 
constructed the railways. There are, 
however, two major differences: this 
time the labourers came knocking on 
America’s doors (with their master’s 
and doctor’s degrees) and the work was 
physically less hazardous. Thus, this 
new relationship of submission to the 
dictates of the American scientific es¬ 
tablishment came about smoothly, will¬ 
ingly, with a smile on the face of the 
Indian scientist and unconditional ac¬ 
ceptance in his heart. It was made even 
sweeter by a significant improvement in 
his material conditions, and consequent 
increase in prestige back home. He was 
able to resist any pangs of conscience 
that might arise from a feeling of 
'deserting’ the society which educated 
him by invoking the dogma of the 
‘universality of science’ and the 
‘scientist as a citizen of the world’. In 
his naivetd he probably believed in the 
notion that the scientist belongs to the 
whole world. We must point out, how¬ 
ever, that these notions were taken seri¬ 
ously only by the budding scientists 
from the Third World; most of the west¬ 
ern scientists, even as they entered the 
profession, were quite cognizant of their 
nationality. 

The facts of life 

Let us reexamine the psychodynamics of 
the Indian scientist’s experience in more 
detail. Their world begins in purity and 
innocence. Several years later, when 
there are initial signs of discordance, 
most refuse to acknowledge them. When 
reference to their work is not given 
(unless it is with a well-established 
American, in which case it is basically 
taken to be his idea), when scientific 
societies are found to be a bit slow in 
inviting them for talks, when funding 
agencies are not particularly excited to 
see them as principal investigators, 
when tenure committees appear to be 
comparatively more demanding, the era 
of conflict begins. The scientist’s first 
response is often a resolution to work 
harder. Tf Mr. X made it, there is no 
reason why I should not be able to’. 
Working harder, however, does not 
materially alter the situation, and it 


slowly dawns upon them that the sci¬ 
entific institutions (which control most 
of their lives and careers) are not totally 
impartial; their universality is not en¬ 
tirely without exception. The discovery 
is shattering, all the more so because of 
the illusion, awe and respect with which 
they viewed these institutions. The 
longer they resist, the deeper is the hurt. 

Careful and cool reflection on the 
state of affairs reveals that there was no 
institutional resistance to their careers 
up to a certain level. As long as they 
were willing to play in an ensemble led 
by others, there were no problems. The 
resistance came when they tried to be¬ 
come conductors of the orchestra. They 
were allowed, even encouraged, to be 
bright boys, but they were not expected 
to be powerful and trendsetting men. If 
ambition were to drive them towards 
these goals, the task would be uphill 
and frustrating. They do have a place in 
the scheme of things but with well- 
defined limits, considerably lower than 
the sky. 

Unfortunately, this realization comes 
rather late in the day. By this time the 
scientists have become accustomed to 
living in the West, with all its pleasures 
and comforts, real as well as imagined. 
Further, their relationship with the land 
of their birth has grown more and more 
tenuous over the years. In most cases, 
the relationship is limited to occasional 
visits to relatives and complaints about 
the prevalent inefficiency, dishonesty 
and stupidity of all that they left behind. 
Thus, they find themselves in this un¬ 
enviable position in mid-career. There 
are three ways by which people learn to 
cope with the situation: 

1. Adopt the typical immigrant’s 
maxim, ‘don’t rock the boat’, and ac¬ 
cept one’s fate. After all, there is life 
beyond one’s work. This group settles 
for what we would describe as a safe but 
scientifically unexciting life. In general, 
their scientific careers cease to afford 
them much satisfaction and they seek 
happiness elsewhere, in the stock mar¬ 
ket or real estate, in aerobics, in elec¬ 
tronic gadgetry, and perhaps even in 
social and religious practices they 
would not have touched back home. 

2. Some scientists choose to do unto 
others what was done to them. They 
behave like semi-colonial masters in 
their attitudes to scientists working in 
India, to hiring practices affecting In¬ 
dian scientists, and to collaboration 
with Indian scientists. In this task they 


are ably assisted by the very people they 
wish to exploit: an associate professor 
in a respectable Indian university would 
happily come to the United States as a 
postdoctoral fellow at a modest salary. 

3. Some others fight, become very 
aggressive, and try to get their due by 
all means available. Such people usually 
end up spending much time in extrasci- 
entific pursuits with minimal results. 

Whatever the path, the scientist’s 
productivity usually diminishes as does 
his interest in science. He strongly re¬ 
sents this decline, is confused and dis¬ 
heartened, and feels at home nowhere. 
He cannot just pack up and go, certainly 
not from his scientific work, but he can¬ 
not stay and be happily productive. He 
does not feel a full citizen of the insti¬ 
tution which controls his career, yet at 
the same time he cannot leave whatever 
the system offers because there is no 
other secure place to go. Over a lengthy 
period this situation can become un¬ 
bearable. 

We notice that the entire spectrum of 
reactions proclaims demoralization and 
contains very little ongoing and positive 
thinking. Unfortunately, these are the 
reactions of a short-sighted and selfish 
group of people with little social re¬ 
sponsibility or concern for the future. 
We would like to believe that most of 
them (highly intelligent as they are) do 
indeed understand or at least sense the 
basic causes of their dissatisfaction. 
Therefore, ignorance or lack of aware¬ 
ness could not be the root of their inac¬ 
tion. It is the lack of scientific 
institutions of their own, built and con¬ 
trolled by themselves, which leads to 
this unenviable situation. 

Cultural determinants of 
science 

It is only natural to ask at this point 
whether the fate of the expatriate Indian 
scientist is of more than peripheral in¬ 
terest to the larger question of the fate 
of the world’s third largest pool of sci¬ 
entific manpower, and also whether 
there is something intrinsically irrec¬ 
oncilable between the culture and tradi¬ 
tion of the educated Indian and the 
modernity represented by contemporary 
science. We deal with the latter question 
first, especially because there are con¬ 
cerned social critics who question the 
wisdom of the country’s commitment to 
a science-based modernization. 
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Essentially, social critics raise the 
question of a conflict between modern 
science and classical Indian culture. It is 
curious that such a question should arise 
since classical Indian thinking came 
very near the common definition of a 
scientific worldview, a ‘relentless value- 
free search for the laws of nature’, not 
only with regard to the external world 
but also with regard to life and any 
possible afterlife. No predetermined 
values barred the quest in any field of 
investigation. The sanctity of the Vedas 
was questioned by the Jains, the Bud¬ 
dhists and the Lokayats. God, constrain¬ 
ing or condemning man, rarely appears 
in the classical schools of philosophy. 
The Jains and the Buddhists, in their 
relentless search for causality and the 
apparent inequality in endowments or 
circumstances, formulated their respec¬ 
tive theories of karma, in which God is 
not involved in the causal chain. Among 
the six canonical ‘systems’ of philoso¬ 
phy, sankhya, nyaya, and vaisesika are 
equally daring. The philosophic tradi¬ 
tion of ancient India is that of valueless 
and fearless free inquiry. How could 
that tradition clash with modern sci¬ 
ence? 

Some social scientists point out that 
these philosophical systems are the ex¬ 
pression of the. ‘high, elitist’ stream, 
while the folk culture was fatalistic, 
animistic, and karma-dommoXed. But 
this is a double standard. When we 
judge the scientific worldview we do 
not equate American science with news¬ 
paper advertisements of miracle diets or 
teenage cosmetics, by advocates of 
pyramid power, or the Bermuda trian¬ 
gle. Nor does the ever popular astrology 
column in the newspaper reflect current 
scientific views on celestial dynamics. 
Instead, we take the best and the highest 
as the norm! So, if the philosophic tra¬ 
ditions of religions originating in the 
Middle East, studded with their own 
values and taboos, were no bar to the 
age of modern science in the West, how 
could one see Indian philosophic sys¬ 
tems as the bar to a full-fledged devel¬ 
opment of science? We must look 
elsewhere for the answer. 

India is an extremely heterogeneous 
society. There exist marked differences, 
not only in food and clothing, but in 
language and customs, not only from 
state to state but also within a state, and 
between educated city dwellers and 
villagers. Yet, in the midst of this great 
diversity, the common amorphous cul¬ 
ture of the urban middle class provides 


most of the scientific and technical 
manpower. Before we examine the 
heritage of the Indian scientist, we will 
briefly say what we believe it is not; 

1. Classical India. The urban, edu¬ 
cated Indian youth is not aware of the 
philosophy of Kapila, Gotama or Yajna- 
valkya, nor the science of Kannada. In 
most cases, if he has any acquaintance 
with these names, it would be through 
children’s books like Amar Chitra 
Katha. 

2. Medieval India. Aryabhatta, Bhas- 
kara, Al-Biruni and Amir Khusro are 
strange names that he sometimes comes 
across in a scholarly book, but 
their discoveries or worldviews have no 
discernible influence on him. He may 
pay lip service to J. D. Bernal, 
Schrachansky or Joseph Needham, but 
he does not equate their views with his 
own. 

3. Colonial India. One tries to sup¬ 
press the memories of the merchants and 
missionaries (accompanied by the guns 
and soldiers of an island country) who 
created the sterile but orderly edifice of 
colonial India. But British governance 
in India made it clear that, scientific or 
scholarly abilities notwithstanding, men 
were not born equal. In areas like textile 
technology, an appropriate Indian tech¬ 
nology was replaced by an inappropriate 
imported technology. India’s role in the 
industrial revolution was not to partici¬ 
pate in it but to contribute to its re¬ 
sources. 


The land of the free 

What then is the heritage and cultural 
background of the Indian scientist? Our 
understanding is that it was an amalgam of 
several half-truths and half-myths, fostered 
by our system of education and strength¬ 
ened by the exclusive use of English as the 
vehicle of communication in the realms of 
science and technology. Some of these 
half-myths are listed below. 

Western man has built up the entire edi¬ 
fice of the sciences, arts, law, political 
science, and economics. (We must remem¬ 
ber that Greece and the Soviet Union are 
part of the ‘West’ as far as India is con¬ 
cerned, although we have difficulty con¬ 
sidering Japan as ‘western’.) We were 
colonized and plundered by western man 
with his military and applied technology, 
and his science, technology and culture 
were held up and accepted as superior and 
worthy of emulation. 


With growing awareness of the West 
over the last four centuries, Indians 
have come to distinguish the various 
subspecies of western man: the British, 
the German, the French, the Russian 
and, most recently, the American. In the 
post-war era it was very difficult not to 
be influenced by the generosity, vigour 
and the immense resources and re¬ 
sourcefulness of the Americans. We did 
not want to like the British colonial 
overlords (though we actually did ad¬ 
mire them); the Germans were quite 
advanced and methodical but we 
thought them lacking in humanity (we 
were, in fact, told that they were quite 
devilish); the Russians had become 
merciless communists. So the Ameri¬ 
cans had to be the favourite people for 
free India to admire, associate with, and 
emulate. We knew that they were 
against colonialism and that they were 
for justice, democracy and economic 
prosperity for all. After all, thc\ rebuilt 
Europe and dealt generously with a 
humbled Japan. Their manncr.s uerc 
more natural and friendly than those 
of the other westerners. I'iiiall), 
they were the most innovative people, 
who not only exported massive quanti¬ 
ties of food but had also harnessed the 
hidden energy of the atom. The post-war 
ascendancy of American science 
made believers of the most adamant 
agnostics. 

It is no wonder, then, that the science 
student in India looked to American 
institutions and American scientists as 
the cream of the crop. The most ambi¬ 
tious and promising Indian students 
went to the United States. While the 
Statue of Liberty issued an open invita¬ 
tion, the Immigration and Naturalization 
Service took care that the imported crop 
was ‘top of the line’. Those that came 
generally went to the better institutions, 
were usually euphoric about the aca¬ 
demic opportunities, and were often 
pleased by the ease with which graduate 
fellowships were made available. The 
assessment of and acceptance by the 
scholars at American institutions then 
became the norm for this better group of 
young Indian scientists. While the age¬ 
ing academic administrators and civil 
service officers in India talked about the 
great British (and sometimes continen¬ 
tal) institutions, the young scientists 
saw that America was the scientific 
equivalent of the British Museum; the 
best from many lands was brought there. 
The result was a subtle but significant 
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transformation; it was not British but 
American science and technology that 
became the model. 

It was not only the emigration of sci¬ 
ence students but also the change in the 
point of view of those who stayed home 
that contributed to the transformation. 
Even those who worked only in India 
looked to American institutions for moral 
support and sustenance, and it was Ameri¬ 
can recognition that was sought. The 
physics papers must be published in the 
Physical Review to be ‘counted’. Meaning¬ 
ful reference to one’s work must come 
from scientists at leading American insti¬ 
tutions. Personal success in the chosen 
field must include an appointment offer 
from a major American university. In this 
context it is quite clear that to understand 
the ‘Indian scientist’ we must study the 
contrast between the expectations and 
actualities in the Indian scientist’s encoun¬ 
ter with the American scientist, not just 
with American science. 

This contrast, and its devastating effect 
on the productivity of the mature scien¬ 
tists, is seen most clearly in the profes¬ 
sional life cycle of the Indian scientist 
living and working in the United States, 
To a lesser degree, much of what we have 
said about the expatriate applies to the 
homebound scientist, whose success and 
self-esteem also is thought to depend upon 
the judgement of and acceptance by the 
western scientific community. 

Can science be ‘done’ in India? 

The analysis that we have presented is 
not a pleasing one; after all, it seems to 
tell us that the American scientific es¬ 
tablishment is less than ‘fair’ to many of 
its most outstanding imports. Many will 
vehemently deny this; others would 
consider it only marginally relevant. We 
ourselves are not happy to identify this 
source of the decline of productivity, 
but we must protest against attempts to 
heap such blame on the alleged eternal 
‘fatalism’ pervading the body-politic of 
India and its scientists. Indian classical 
culture was anything but fatalistic. 
Teachers and propagandists like Bud¬ 
dha, Mahavira, Ashoka, Nagarjuna, 
Sankara and many others actively set 
out to change the society and its modes 
of thinking. Medieval India showed 
remarkable flexibility and adaptation. 
Its traditional culture survived the on¬ 
slaught of a dynamic and irrepressible 
Islam. And most of all, the modern In¬ 
dian science-technology student (say, at 


one of the institutes of technology) is a 
pushy, ambitious, aggressive young 
man, not essentially different from his 
counterpart in the prestigious American 
schools. Even the Indian peasant did not 
find his concern with karma any hindrance 
to adopting the hybrid strains of wheat, the 
herbicides and the chemical fertilizers of 
the Green Revolution. 

Another red herring is that of the 
poverty of India. In a land of starving 
masses, where a multitude of pressing 
problems demand attention, how can 
science flourish? One might wonder 
whether only a few societies can afford 
to sustain and nurture science. These 
thoughts would be relevant if the Indian 
government had hesitated in allocating 
funds for research. This was not the 
case. The government wisely recognized 
that the foundation of basic science and 
research (at the state-of-the-art level in 
science and technology) is essential if 
the country is to adopt the ‘leapfrog’ 
rather than ‘follow-the-leader’ approach 
to development. 

Epilogue 

The principal aim of our essay has been 
to draw attention to a sad but true fact, 
and to stimulate thought by and discus¬ 
sion among Indian scientists, technolo¬ 
gists and social scientists. It is a 
symptom of the malady that there are no 
proper means by which to air and to 
clarify this problem. Appropriate or¬ 
ganizations are sorely needed. Cer¬ 
tainly, before we undertake or even 
recommend an Indian programme to erect 
new scientific institutions, it is pertinent to 
ask why the existing scientific institutions 
in India cannot serve the purpose. A de¬ 
tailed examination of this question is be¬ 
yond the scope of this essay but what is 
relevant is how these existing institutions 
are perceived within the scientific com¬ 
munity. We have already pointed out that 
an average scientist in India is rather eager, 
even desperate, to come to the United 
States. Thus, the general impression is 
that, barring a very few highly placed sci¬ 
entists, only powerful scientific bureau¬ 
crats and scientists of indeterminate merit 
stay back. These scientific bureaucrats, 
whose achievements and activities are 
modest, pose and behave as scientists and 
so give credence to the charge that science 
is not done properly or not done at all in 
India. Therefore, institutions controlled by 
this set of people are not likely to excite 
enthusiasm among scientists living in In¬ 
dia or abroad, particularly the latter. 


This then is a description of the phe¬ 
nomenology as well as an analysis of the 
underlying reasons for the state of affairs 
of the ‘Indian scientist’. This essay is not 
meant as an attack on American institu¬ 
tions of science, even though we do point 
out that these institutions are neither uni¬ 
versal nor infinitely benign; no human 
institutions are. Any large group of people 
with no organization of their own is likely 
to feel discriminated against, and unre¬ 
warded, and this describes many scientists 
of Indian origin. 

One hopes that this analysis of the 
past and present will be helpful in 
pointing some directions for the future. 
An inevitable conclusion is that Indian 
scientists must learn clearly to differen¬ 
tiate between science itself and the insti¬ 
tutions of science. This realization 
naturally must force them to create 
structures suitable to their needs, insti¬ 
tutions which safeguard and perpetuate 
their interests. It is of utmost impor¬ 
tance that these institutions be built on 
solid foundations. They must include a 
large number of competent and well- 
trained scientists, who must perform 
their role honestly and seriously. Only 
then can the majority of Indian scien¬ 
tists have faith and trust in these insti¬ 
tutions and look to them for guidance, 
encouragement and intellectual suste¬ 
nance. 

We must not forget that pure scien¬ 
tists are rewarded by the peer apprecia¬ 
tion and peer recognition given by 
scientific societies. Research often is 
not lucrative, depriving them of finan¬ 
cial reward, in contrast to technological 
ventures, where money provides a pri¬ 
mary motivation. In addition, scientists 
place high values on the freedom to 
decide what research to undertake and 
on being able to set trends for the guid¬ 
ance of younger scholars. The only way 
Indian scientists can hope to have sci¬ 
entifically free, exciting and creative 
lives is to become their own masters. 
This is possible if today’s scientists 
begin to build institutions that will se¬ 
cure and guarantee these privileges. 
They will have to rise above the current 
confusion and despondency. They must 
build schools of their own, so that from 
a large body of dedicated professionals 
will emerge a significant number of 
trend-setters, extraordinary thinkers, 
and original creators. And let it be 
hoped that these will be able to distin¬ 
guish between the universality of sci¬ 
ence and the politics of scientific 
establishments. 
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MEETINGS/SYMPOSIA/SEMINARS 


95- 3 lUTAM-Symposium on Advances in Nonlinear 
Stochastic Mechanics 

Place: Trondheim, Norway 

Date: 3_7 July 1995 

Chairmen: Professor S. Krenk 

Department Building Technology 
& Structural Engineering 
Sohngaardsholmsvej 57 
DK-9000 Aalborg, DENMARK 

Telefax: +45 9 8148243 

Professor A. Naess 

Department of Structural Engineering 

Norwegian Institute of Technology 

Rich. Birkelands vei la 

N-7034 Trondheim, NORWAY 

Telefax: +47 73 59 45 35 

(lUTAM Representative in the Scientific Committee- 

Professor W. Schiehlen) 

96- 7 lUTAM-Symposium on Nonlinear Analysis of 
Fracture 

Place: Cambridge, UK 

Date: 3-7 September 1995 

Chairman: Professor J. R. Willis 

University of Bath 
Bath BA2 7AY, UK 

Telefax: +44 225 826492 

(lUTAM Representative in the Scientific Committee- 

Professor F. Ziegler) 

95-8 lUTAM-Symposium on Physical Limnology 

Place: Darwin, Australia 

Date: 10-14 September 1995 (new dates assigned) 

Chairman: Professor J. Imberger 

Centre for Water Research 
University of Western Australia 
Nedlands 6009, AUSTRALIA 

Telefax: +61 9 380 1015 

(lUTAM Representative in the Scientific Committee- 

Professor T. Tatsumi) 

95-9 lUTAM-Symposium on Combustion in 
Supersonic Flows 

Place: Poitiers, France 

Date: 2-6 October 1995 


Chairman: Professor M. Champion 

Laboratoire d’Energetique et de Detonique 
E.N.S.M.A. 

20, Rue Guillaume VII 
F-86034 Poitiers, FRANCE 

Telefax: +33 49 605 044 

(lUTAM Representative in the Scientific Committee - 
Professor P. Germain) 

IABEM’95 Conference 

Place: The Ritz-Carlton Hotel, Mauna Lani, Big 

Island of Hawaii 

30 July - 3 August 1995 

Professor T. A. Cruse 
Department of Mechanical Engineering 
Vanderbilt.University 
Nashville TN 37 325 
USA 

Telefax: + l 615 343 8730 
Phone: +1 615 343 8727 

The annual Conference'95 is sponsored by lABEM and co¬ 
sponsored by lUTAM; lUTAM Representative: Professor F. 
Ziegler 

The full registration fee is US$ 500; for those paying before 1 
June 1995, the registration fee is reduced to US$ 450 
(Proceedings included). The special fee for Students is US$ 
300. The fees are to be addressed to ICES-95 to the attention 
of 

Professor S. N. Atluri, 

Computational Modelling Centre 

Georgia Tech 

Atlanta, GA 30332-0356 

Phone: +1 404 894-2758 
Fax to: +l 404 894-2299 

lABEM (The International Association for Boundary Element 
Methods) is affiliated to lUTAM since 1994. 

19th International Congress on Theoretical and 
Applied Mechanics (ICTAM) 

Place: Kyoto International Conference Hall, Kyoto, 

Japan 

Dates: 25—31 August 1996 

The Congress (ICTAM KYOTO 1996) will cover the entire 
field of theoretical, experimental and computational fluid and 
solid mechanics, including interdisciplinary regions and 

applications. The academic programme of the Congress will 
be composed of two General Lectures for the Opening and 
Closing Sessions, Mini-Symposia, Lecture Sessions and 

Seminar Sessions. 


Date: 

Chairman: 
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Contact: 


Chairman: 

Professor T. Tatsumi 

Kyoto Institute of Technology 

Engineering 

Matsugasaki, Sakyo-ku 

Kyoto 606, Japan 

Japan 

Phone: +81 75 724 7001 
Telefax: +81 75 724 7000 


Secretary: 

Professor E. Watanabe 
Department of Civil 

Kyoto University 
Sakyo-ku, Kyoto 606-01, 

Phone:+81 75 753 5079 
Telefax: +81 75 752 5296 


University-Industry-Governnfient relations: 

Upcoming international workshop 

A workshop will be held on 4—6 January 1996 in Amsterdam 
(The Netherlans) on 'The Triple Helix - University-Industry- 
Ciovernment Relations: A Laboratory for Knowledge-Based 
Economic Development’. 

A ‘triple helix’ of academic-industry-government relations 
is likely to be a key component of any national or 
multinational innovation strategy in the developed countries 
in the late twentieth century. So too in the ‘developed’ or 
‘enclave’ technological sectors in India, where the 
technological distance between these sectors and the 
corresponding ones in the developed countries is recognizably 
short. In these sectors linear models of ‘demand pull’ or 
‘technology push’ have been superseded by more complex 
schemes that catalyse innovation and science-based 
technology through networks of the relevant actors and 
institutions. How do technologies and institutions co-evolve? 
Under which conditions do they ‘lock in’? These and related 
Workshop questions are now, willy nilly, in actual 
experience, impinging upon the way decisions are made in 
such Indian schemes as PATSER (of DSIR) and TIFAC (of 
DST), which seek to provide the financial bonding among the 
‘base pairs’ in the ‘triple helix’. 

The organizers of this Workshop envisage contributions 
from the following perspectives: 

1. Evolutionary economics, focusing on the functions of the 
knowledge infrastructure in advanced (industrial) systems 
and on the consequences for R&D policies. 

2. The sociology of science and technology and the sociology 
of higher education, about experiences with reshaping of 
parts of the knowledge infrastructure like technological 
sciences and university R&D systems, and its in-depth 
consequences for the intellectual reorganization of the 
disciplines. 

3. Policy analysis, with an evaluative perspective on efforts 
to bring about changes at the relevant science-technology- 
industry interfaces. 


For a copy of the Workshop Theme Paper and further 
information on the Workshop, contact: 

• Henry Etzkowtiz, Department of Computer Science, 
Columbia University, New York 10027, USA. Tel.: 212- 
939 7028; Fax: 212-666 0140; e-mail: etz@cs. 
columbia.edu, or 

• Loet Leydesdorff, Department of Science Dynamics, 
Nieuwe Achtergracht 166, 1018 WV Amsterdam, The 
Netherlands. Tel: (+31) 20-525 6598; Fax: 20-525 6579; e- 
mail: loet@sara.nl. 

XIV National Conference on Internal Combustion 
Engines and Combustion (NCICEC) 

Date: 8-10 December 1995 

Place: Pune 

Topics include: Fundamental combustion, reciprocating 
engines, gas turbine engines, propellant combustion, biomass 
combustion and gasification, combustion generated pollution, 
coal combustion, industrial furnaces, fire hazard and 
combustion diagnosis. 

Contact: Dr V. R. Ramanujachari 

Faculty of Guided Missiles 
Institute of Armament Technology 
Girinagar 

Pune 411 025, India 

Department of Atomic Energy’s Third Biennial 

‘Trombay Symposium on Radiation and 

Photochemistry’ - TSRP-96 

Place: Bhabha Atomic Research Centre 

Date: 8-12 January 1996 

Topics include: Ultrafast processes; Dynamics of electron 
solvation and geminate recombination; Charge, electron and 
energy transfer processes; Excited states, ionic intermediates 
and free radicals in the gaseous, condensed and organized 
media; Multiphoton excitation and ionization: Selective and 
vibrational photochemistry; Chemistry and spectroscopy in 
molecular beams and supersonic jets; Industrial applications, 
including photo and radiation curing and processing; 
Biomedical applications. 

Contact: Dr Sudhir Kapoor 

Secretary, Symp. Org. Committee, TSRP-96 

Chemistry Division, Bhabha Atomic 

Research Centre 

Bombay 400 085, India 

Tel. (Oft): (22)-5563060 ext 2404/2668 

(Res.): (22)-557 2703 

Telex: 011-61017 BARCIN 

Fax: (22)-556 0750 

e-mail :cgopinat@magnum.barctl.ernet.in 
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Travel Fellowship Programmes for Young Scientists for participation in the 12th Biophysics 
Congress of lUPAB to be held during 11-16 August 1996 in Amsterdam, The Netherlands 

The 12th International Biophysics Congress would be held next year in Amsterdam, The Netherlands, 
during 11-16 August 1996. Travel Fellowship Awards, through funds earmarked by lUPAB/UNESCO, are 
available to assist young scientists with the cost of attending the Congress. These fellowships would cover 
a substantial part of the travel and accommodation in addition to the registration fee waiver. These 
fellowships would normally be limited to young scientists who do not yet have a permanent position, for 
example, graduate students and postdoctoral fellows without a tenure position. In addition to participating in 
the Congress, laboratory with the aim of establishing scientific contacts. A short written report of activities 
should be sent to the Secretary-General of lUPAB on return. 

Applications should be sent to Prof. A. C. T, North, Secretary-General, lUPAB, Department of Biochemistry 
and Molecular Biology, University of Leeds, Leeds LS2 9JT, UK (Fax No. 44-113-233-3167) with the 
following documents: 

1. Application for financial assistance, including a letter of support by the Supervisor or the Head of 
Department. 

2. One copy of the abstract describing the scientific contribution to be submitted to the Congress. 

3. Indication of European laboratory to be visited, if applicable. 

The deadline for submission of a request for financial assistance is 31 December 1995. 

We are also happy to announce that the 13th International Biophysics Congress would be held in New 
Delhi, India, in September 1999. 


The Academy of environmental biology announcement for awards: 1994 


1. Archana Medal 

2. 10th JEB Prize (Young Scientist Award) 

Nominations are invited from members of AEB and through Heads of Universities/IITs, 
Research Institutes, institutions & Learned Societies for the above Awards. 

For proforma of Nomination Forms and Necessary information, please write to: 

Dr R. C. Dalela 
Secretary (HQ) 

The Academy of Environmental Biology 
771, Civil Lines (South) 

Muzaffarnagar 351 001, India 
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undertaken during the award and (ii) its relevance to the priority areas identified by DBT 
and to the plans and programmes of the parent institute, also (iii) candidate’s future 
research plan for utilizing the knowledge gained during the award), (10) Proposed place 
of research/training (Has the consent of host-institution been obtained? If so, attach the 
consent letter), (11) Period for which the Associateship is to be availed, (12) Duration and 
other details of the past overseas visits, if any, (13) To which DBT-identified priority area, 
the proposed research/training programme belongs. 


Place 

Date Signature of the Candidate 


Statement from the present employer 

(As per the terms and conditions of the Associateship, candidates selected for the 
awards should be granted deputation terms such as entitlement to the payment of full 
salary and continuation of other service benefits during the period of the Associateship by 
their employers. The parent institutions/employers must indicate clearly their commitment 
to this effect as also about continuity of employment after the Associateship period. 
Applications which are forwarded without such statement may not be considered. 
Whether the candidate is on regular or permanent staff of the institutions must also be 
indicated in the statement. 

NOTE: (1) The Associateship is tenable only at those institutions which are engaged in 
major biotechnological research programmes. The DBT has identified the following list of 
such institutions: BARG, TIER, HLRC, CRI, IIT, Haffkins Institute, Bombay; AllMS, JNU,, 
DU, CFB, lARI, IIT, Nil, Delhi; NCL, NIV, HAL, Poona University; NFATCC, Pune; IICB, 
Bose Institute, Jadavpur University, Calcutta; IVRI, Izatnagar; lISc, Bangalore; Anna 
University, IIT, Madras; IIT, Kharagpur; CCMB, Hyderabad; IMT, Chandigarh; CFTRI, 
Mysore; CRI, Kasauli; RRL, Jammu; CDRI, NBRI, CIMAP, Lucknow; MKU, Madurai, 
BHU, Varanasi; MSU, Baroda; Roorkee University. However, other institutions having 
well-established lab facilities and working actively in areas of biotechnology may also be 
considered in this regard. Candidates should correspond themselves with their host- 
institutes for their placement. (2) The Associateship is not tenable at the candidates’ 
parent institutes. (3) Applications not sponsored by employer and forwarded by the 
institution/organization or received after the last date are likely to be rejected. 
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National Centre for Biological Sciences 

Tata Institute of Fundamental Research 
P.O. Box 1234, lISc Campus, Bangalore 560 012 

Telex: 0845-8488 TIFR IN; Fax: 080-3343851; Tel: 080-3345615, 3342816 

POSTDOCTORAL POSITIONS 

The National Centre for Biological Sciences (NCBS) has been established by the Tata 
Institute of Fundamental Research (TIFR). It is located on the campus of the Indian Institute of 
Science, Bangalore. 

A small number of NCBS-funded fellowships are available for postdoctoral,positions each 
year. Applications from those with a Ph D degree, or equivalent, will be considered twice a 
year (late February and late August). Applicants should summarize their recent research 
experience and include names and addresses of three persons who can be contacted for a 
critical evaluation of the applicant’s research. 

Research at NCBS is in the following areas: 

1. Papillomavirus transcription and assembly in cervical cancers and during skin 
differentiation (Sudhir Krishna) 

2. Dynamics of protein folding (Jayant Udgaonkar) 

3. Gene expression and regulation in the nervous system (Mitradas Panicker) 

4. Molecular genetics of olfaction (Gaiti Hasan) 

5. Ion transport through biological membranes (Mathew K. Mathew) 

6. Chemosensory genetics (Obaid Siddiqi) 

7. Development of the nervous system and muscles (K. VijayRaghavan) 

8. Axonal path finding and target recognition by neurones (M. G. Muralidhar) 

9. Characterization of CD4 T cell function in infectious diseases (Girija Muralidhar) 

Applications may be sent to the Administrative Officer at the above address. 
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GOVERNMENT OF INDIA 

Ministry of Science & Technology 
Department of Biotechnology (DBT) 


BIOTECHNOLOGY NATIONAL ASSOCIATESHIP SCHEME: 1995-96 


Applications are invited from Indian nationals for the award of Biotechnology National 
Associateship for pursuing advanced research or undergoing specialized training in 
Indian research institutes/laboratories in the priority areas of Biotechnology, viz. (i) 
Molecular Biology, (ii) rDNA Technology, (iii) Immunology and Immunodiagnostics, (iv) 
Animal Cell & Tissue Culture, Hybridomas and cell-culture-based vaccines, (v) Plant 
Tissue culture, (vi) Animal Biotechnology, (vii) Aquaculture & Marine Biotechnology, (viii) 
Peptide and Nucleic Acid Chemistry, (ix) Modern Techniques in Industrial Microbiology 
and Bioconversion, (x) Biochemical Engineering, Downstream Processing and 
Bioseparation Techniques, Computer Modelling and Process Optimization, (xi) 
Bioinformatics, and (xii) emerging areas. 

The applicants should possess a PhD/MD degree in areas related to biotechnology. 
The candidates should be holding regular positions in research institutions and should be 
actively engaged in biotechnological R&D work. Applications from persons working on 
temporary positions such as research fellows or associates, etc., will not be considered. 
Scientists/technologists belonging to DSIR-recognized in-house R&D centres under the 
aegis of public or private sector units, intending to join public-funded research 
institutes/national laboratories/universities and vice versa, i.e. scientists from the latter 
institutions, joining in-house R&D centres may be given some weightage for the award, 
provided they propose to work on specific scientific/technological problems relating to the 
production of biotechnology products. 

Age limit 40 years; candidates should have not crossed this age limit as on 
16 August 1995, the last date for receipt of applications. 


Details of the award 


(i) Duration: Six months to 1 year. In deserving cases, the duration is extendable by a 
maximum period of one year. In addition, the Associates who avail the award for a period 
of 9 months or more in India would also be considered for 3 months training abroad. 

(ii) Approval for the overseas training (where admissible) will not be automatic and will 
be decided on the basis of the progress made by the Associates in their work within the 
country under the award, proper justification and recommendations of his/her Indian 
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supervisor as well as the associates’ parent institute. The overseas training can be 
availed of within two years of completion of the research work/training within the country 
under the award. 

(iii) Associates are entitled to (a) monthly associateship @ Rs. 2500/- while in India 
and US $1200/- or its equivalent during the overseas training, (b) disturbance allowance 
towards housing in India on actual rent basis subject to maximum limit of Rs. 500/- per 
month, (c) personal equipment grant of Rs. 2000/- (lumpsum), provided the Associateship 
is availed in India for at least 6 months and, in addition, a personal equipment grant of 
Rs. 2000/- for overseas training, (d) research contingent grant of Rs. 10,000/- for 6 
months period of the award and then Rs. 5000/- for every 3 months, which is disbursed to 
the host institutes, (e) first-class rail fare and air passage cost in economy class for 
joining host laboratories in India and abroad, respectively, and back, (f) the Associates 
availing the award in another institute located at the same station of the host institute will 
not get the monthly Associateship and disturbance allowance, except for the personal 
equipment grant and research contigency grant. 

(iv) The selected candidates shall be entitled to the payment of salary and other 
service benefits by the institutions to which they belong. However, no liability on any of 
this account will be borne by DBT. 

(v) Every selected candidate shall be required to execute a service bond to serve in 
India for at least one year after completing their training under the award, but in the case 
of overseas training, the bond’s period will be 2 years and the bond is to be executed in 
suppression of the earlier bond. 

(vi) Selected candidates should commence work under the award before 30 
November 1995. 

Candidates should submit their applications typed on plain paper (six copies with 
single enclosures) in the format given below. No advance copy will be entertained. 
Candidates should ensure that application through proper channel should reach Dr. R. R. 
Sinha, Principal Scientific Officer, Department of Biotechnology, Block-2, 8th Floor, 
CGO Complex, Lodi Road, New Delhi 110 003 by 16 August 1995. The selection 
procedure will be completed by 30 August 1995 and the results of selection will be 
communicated by 15 September 1995. 

FORMAT 


Application for the Biotechnology National Associateship (1995-96) 

(1) Applicant’s Name (in full). Designation and Address, (2) Father’s/Husband’s Name, 
(3) Date and Place of Birth and Age, (4) Academic Qualifications (degrees onwards with 
subjects of specialization and distinction(s), if any), (5) Name of Ph D guide, (6) Past and 
present employment record (give details about employer(s), position(s) held and its 
nature - temporary/permanent, duration, duties and pay in chronological order, (7) 
Subject of current research work (enclose details of the research work being pursued by 
the candidate), (8) No. of research publications during the last five years (enclose list and 
attach reprints of 3 research papers which you consider the best), (9) Proposed subject 
of research/training (enclose (i) the precise research/training programme to be 
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undertaken during the award and (ii) its relevance to the priority areas identified by DBT 
and to the plans and programmes of the parent institute, also (iii) candidate’s future 
research plan for utilizing the knowledge gained during the award), (10) Proposed place 
of research/training (Has the consent of host-institution been obtained? If so, attach the 
consent letter), (11) Period for which the Associateship is to be availed, (12) Duration and 
other details of the past overseas visits, if any, (13) To which DBT-identified priority area, 
the proposed research/training programme belongs. 


Place 

Date Signature of the Candidate 


Statement firom the present employer 

(As per the terms and conditions of the Associateship, candidates selected for the 
awards should be granted deputation terms such as entitlement to the payment of full 
salary and continuation of other service benefits during the period of the Associateship by 
their employers. The parent institutions/employers must indicate clearly their commitment 
to this effect as also about continuity of employment after the Associateship period. 
Applications which are forwarded without such statement may not be considered. 
Whether the candidate is on regular or permanent staff of the institutions must also be 
indicated in the statement. 

NOTE: (1) The Associateship is tenable only at those institutions which are engaged in 
major biotechnological research programmes. The DBT has identified the following list of 
such institutions: BARC, TIER, HLRC, CRI, IIT, Haffkins Institute, Bombay; AIIMS, JNU,. 
DU, CFB, lARI, IIT, Nil, Delhi; NCL, NIV, HAL, Poona University; NFATCC, Pune; IICB, 
Bose institute, Jadavpur University, Calcutta; IVRI, Izatnagar; lISc, Bangalore; Anna 
University, IIT, Madras; IIT, Kharagpur; CCMB, Hyderabad; IMT, Chandigarh; CFTRI, 
Mysore; CRI, Kasauli; RRL, Jammu; CDRI, NBRI, CIMAP, Lucknow; MKU, Madurai, 
BHU, Varanasi; MSU, Baroda; Roorkee University. However, other institutions having 
well-established lab facilities and working actively in areas of biotechnology may also be 
considered in this regard. Candidates should correspond themselves with their host- 
institutes for their placement. (2) The Associateship is not tenable at the candidates’ 
parent institutes. (3) Applications not sponsored by empioyer and forwarded by the 
institution/organization or received after the last date are likely to be rejected. 
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National Centre for Biological Sciences 

Tata Institute of Fundamental Research 
P.O. Box 1234, lISc Campus, Bangalore 560 012 

Telex: 0845-8488 TIFR IN; Fax: 080-3343851; Tel: 080-3345615, 3342816 

POSTDOCTORAL POSITIONS 

The National Centre for Biological Sciences (NCBS) has been established by the Tata 
Institute of Fundamental Research (TIFR). It is located on the campus of the Indian Institute of 
Science, Bangalore. 

A small number of NCBS-funded fellowships are available for postdoctoral,positions each 
year. Applications from those with a Ph D degree, or equivalent, will be considered twice a 
year (late February and late August). Applicants should summarize their recent research 
experience and include names and addresses of three persons who can be contacted for a 
critical evaluation of the applicant’s research. 

Research at NCBS is in the following areas: 

1. Papillomavirus transcription and assembly in cervical cancers and during skin 
differentiation (Sudhir Krishna) 

2. Dynamics of protein folding (Jayant Udgaonkar) 

3. Gene expression and regulation in the nervous system (Mitradas Panicker) 

4. Molecular genetics of olfaction (Gaiti Hasan) 

5. Ion transport through biological membranes (Mathew K. Mathew) 

6. Chemosensory genetics (Obaid Siddiqi) 

7. Development of the nervous system and muscles (K. VijayRaghavan) 

8. Axonal path finding and target recognition by neurones (M. G. Muralidhar) 

9. Characterization of CD4 T cell function in infectious diseases (Girija Muralidhar) 

Applications may be sent to the Administrative Officer at the above address. 
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MADURAI KAMARAJ UNIVERSITY 
SCHOOL OF BIOLOGICAL SCIENCES 
MADURAI 

Applications are invited for the position of Research Associates under 
the UGC sponsored DSA Programme. Two positions are available for 
a maximum period of three years from date of joining. Candidates less 
than 40 years with Ph.D. degree and 1-2 years of post-doctoral 
experience in (i) Medical Molecular Biology/Medicinal Plants and (ii) 
Molecular Genetics/Biochemical aspects of fish biology may apply. 
Fellowship: Rs. 2,800/p.m. -i- HRA + Medical Allowance as per the 
university norms. Application with Bio-data and copies of 
publications may be sent to the following address on or before 31st 
July 1995. 

A temporary position for a visiting faculty is available under the UGC 
sponsored DSA Programme initially for a period of one year with the 
possibility of extension to second year. Preference will be given to 
persons with medical research experience. UGC Scale of pay will be 
offered; Reader/Professor grade will be fixed at the time of interview 
based on qualifications, experience and performance. Candidates with 
Ph.D. degree in Immunology with Post-Doctoral experience of not less 
than seven years may send their apphcations with CV and other relevant 
documents to Prof. T. J. Pandian, Programme Co-ordinator, DSA 
Phase in, School of Biological Sciences, Madurai Kamaraj 
University, Madurai 625 021 on or before 31st July 1995. 
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SHRI HARI OM ASHRAM PRERIT DR VIKRAM SARABHAl 

RESEARCH AWARDS 

The Physical Research Laboratory makes four awards, called ‘Shri Hari Om Ashram 
Prerit Dr Vikram Sarabhai Research Awards’, every two years from funds kindly 
provided by Pujya Shri Mota of Hari Om Ashram of Nadiad. The awards, each of ; 

value of Rs. 25,000/- and a medal, will be given to Indian scientists below 45 years of • 

age on 1 January 1995 for outstanding original work in the following fields: 

1. Space sciences (including astronomy, astrophysics, planetary and atmospheric 
sciences). 

2. Space applications (in the areas of meteorology, hydrology, remote sensing and 
related ground truths). 

3. Electronics, informatics, telematics and automation. 

4. Systems analysis or management, including nonlinear, nonequilibrium systems in 
natural and social sciences and technology. 

Although the overall work of the candidates would be taken into account, the 
work done in India would be given prime consideration. 

The candidate should have to his credit at least one or more of the following 
achievements.: I 

1. Significant achievement in scientific research. i 

2. Important and successful adaptation of new technology. 

3. Planning, development and implementation of systems in the context of science 
and technology. 

The selections for the year 1995 will be completed by February 1996 and the 
awards presented on 12 August 1996. 

The last date for receiving nominations is 15 September 1995. Sponsors are 
requested to send a two-page note (6 copies) summarizing contributions and 
achievements of the sponsored candidate, together with his/her biodata (6 copies), in 
a cover marked ‘confidential’, addressed to the Director, Physical Research 
Laboratory, Navrangpura, Ahmedabad 380 009. 

More detailed information will be asked for by the Selection Committee, if 
considered necessary. 
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